IEEE Standard for Boot (Initialization Configuration)
Firmware: Core Requirements and Practices

1. Overview

1.1 Purpose and scope

This documentdescribesa softwarearchitecturefor the firmware that controlsa computerbeforethe operating
system has begun execution. Typically, firmware is stored in read-only memory (R@kgoammableead-only
memory (PROM), so that it may be executed immediately after the computer is turned on.

The main jobs of the firmware areto testthe machinehardwareandto bootthe operatingsystem,usuallyfrom a
mass storage device or a network. The operating system may also require other servitesifromare. Finally,
firmware often provides some support for interactive hardware and software debugging. In adthgonaim op-
erating system, other programs, such as diagnostic operating systems, may utilize firmware services.

This standardusesOpenBootPROM Architecture Specification[B6]* as a starting point, and is bus, vendor,
operating system (OS), and instruction-set-architecturélSA)-independent.Supplements(numbered 1275. x)
include specifications for this standard’s application to particular ISAs and buses.

This documentspecifiesfirmware that controlsthe operationof a computersystembeforethe primary operating
systemhastakencontrol of the machine.The materialspecifiedincludesfacilities for determiningthe hardware
corfiguration; testing, identification, and use of plug-in devicesprior to primary OS control; reporting the
hardwareconfigurationto the operatingsystem;the userinterfacefor controlling theseoperationsanddebugging
facilities for hardware and system software.

Additional introductory material can be found in annex F.

1.2 Firmware problems

In an open-systems environment, the job of loading the operating system is greatly complitdatgubssibility of
user-installed/O deviceslf the firmware developeiknowsin advancehe completdlist of 1/O devicesfrom which
the operatingsystemmay be loaded,then the softwaredrivers for thosedevicesmay easily be includedin the
firmware. If, however,new bootabledevices(devicesfrom which the operatingsystemmay be loaded)may be
added to the system later, then the firmware must have a veaguirebootdriversfor thosedevices.The obvious
solution of shippinga completesetof systemfirmware with eachnew devicequickly becomesmpracticalasthe
number of devices and systems grows.

A similar situationappliesto the devicesusedfor displayingmessageshowingthe progressof the testingand
bootingprocessesThe firmware musthavea driver for eachdeviceon which it wishesto display messagesOne
solution is to require every displagviceto emulatesomebaselinedevice.This solutionworks, but the constraints
that it imposes on hardware can increase costs and stifle innovation.

Hardwareinnovationcanproceedmorerapidly whena singlegenericversionof the operatingsystemcanwork on
severaldifferent computerswithin the samefamily. If the different computerslook exactly the sameto the
software thenthis is easy,butit is rareto find two differentcomputerdhatlook exactlythe sameat the operating
systemlevel. However,sincethe firmware can be consideredn somesenseto be part of the hardware then the
firmware can sometimesmake the operatingsystem’stask of autoconfiguration(adaptingto minor hardware

1 The numbers in brackets preceded by the letter B correspond to those of the bibliography in annex J.
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differences)easier either by hiding the differencesor by reportingthe hardwarecharacteristicso the operating
system does not have to guess.

1.3 Solutions

The OpenFirmwarearchitecturesolvesthoseproblemsandin addition,providesextensivanteractivefeaturesfor
hardware and software debugging.

The designof OpenFirmwareis processor-independerndeveryeffort wasmadeto eliminateknowledgeof ma-
chine details from the specification of its interfaces.

The following Open Firmware features are notable:

— Plug-in devicedrivers. New devicesmay be addedto an OpenFirmwaresystemand usedfor bootingor mes-
sagedisplay without modification to the main Open Firmware systemROM. Eachsuchdevice hasits own
plug-in driver, usually locatedin a ROM on the deviceitself. Thus, the set of I/O devicessupportedby a
particular system may evolve without requiring changes or upgrades to the system ROM.

— FCode. Plug-in driversare written in a byte-codedmachine-independemtterpretedlanguagecalled FCode
FCodeis basedon Forth semanticsSinceFCodeis machine-independenthie samedeviceand driver canbe
usedon machineswith different CPU instructionsets.EachOpenFirmware systemROM containsan FCode
interpreter.

— Device tree.The setof devicesattachedo the system,ncluding permanentlyinstalleddevicesand plug-in de-
vices is described by an Open Firmware data structure known devieetree The operatingsystemmayin-
spectthe devicetreeto determinethe hardwareconfigurationof the system.Eachdevicein the devicetreeis
described by groperty list The set opropertiesdescribing a device is arbitrarily extensible so #rattype of
device and any kind of information that needs to be reported about the device can be accommodated.

— Modularity. SomeOpenFirmwarefeaturessuchasbooting)arerequired,andothersareoptional. The setof
OpenFirmwarefeaturessupportedon a particularsystemmay be chosento meetthe goalsand constraintsof
that system.

— Programmable user interface.The Open Firmware user interface is based on the industry-standard interactive
programminglanguageForth so that sequencef user commandscan be combinedto form complete
programsThis providesa powerful capabilityfor debugginghardwareandsoftware;OpenFirmwareis a very
good tool for the initial “bring-up” of new hardware and software. In addition, the Open Firmware
programming features can often be used to implement “work-arounds” for many kinds of system bugs.

— FCodedebugging.The OpenFirmwareuserinterfacelanguaggForth) andthe FCodelanguagesharea com-
mon interpretationmechanism,so it is easyto develop and debug FCode programs with built-in Open
Firmware tools.

— Operating systemdebugging. Open Firmware has commandsfor debuggingoperatingsystemcode, often
making the use of a kernel debugger unnecessary.

1.4 Document organization

In this documentOpenFirmwareis describedn termsof its externalinterfacesand the internal structuresand
procedures on which those interfaces depend. See figure 1. The content of the clauses and annexes is as follows:

— Clause 1 provides the background for understanding the goals and objectives of this document.

— Clause?2 providesa list of documentaisedas referencesdefinesthe terminologyused,and describeghe as-
sumptions made by this standard.

— Clauses 3 and 4 define the internal structures and procedures upon which the Open Firmware model is based.
— Clause 5 defines thdevice interfacdor identification and use gflug-in devices
— Clause 6 defines thaient interface which provides services to booted programs.
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— Clause 7 defines theser interfaceacommand interpretefor human use.

— Annex A gives detailed definitions of all the individual commands methods properties configuration
variables and strings mentioned in this document.

— Annex B defines the escape sequences of the terminal enpdatage

— Informative annexes C through | give additionaéfulinformation,including devicedriver sourcecodeexam-
ples, suggestedehaviorof developmentools, historical and compatibility notes,and an index of glossary
terms.

Open Firmware Open Firmware

User Interface Client Interface
Client Program
S~ _—| (Operating System)
Device Tree

Open Firmware

Open Firmware | Device Interface
Expansion Bus

Ex%nsion % | Q / I =7

-

Network

Figure 1—Typical Open Firmware system diagram

1.5 Compliance

In order to comply with this standard, a system shall implement at least one of the following interfaces:

Interface Clause _Req_u irements
given in subclause
Device interface 5 5.1.2
Client interface 6 6.1.2
User interface 7 7.1.2

A systemclaiming compliancewith this standardshall clearly specifywhich of the aboveinterfacesare claimedto
be compliant.
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2. References, definitions, and assumptions

2.1 References

This standardshall be usedin conjunctionwith the following publications.When they are supersededy an
approved revision, the revision shall apply:

ANSI X3.64-1979(Reaff 1990), Additional Controls for Use with the American National StandardCode for
Information Interchangeé.

ANSI X3.215-1994, American National Standard for Information Systems—Programming Languages—~Forth.
IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronics Terms fANSI).

IEEE Std 1275.1-1994 JEEE Standardfor Boot (Initialization Configuration) Firmware: Supplementor IEEE
1754 ISA.

IEEE Std 1275.2-1994 JEEE Standardfor Boot (Initialization Configuration) Firmware: Supplementor IEEE
1496 Bus (SBus).

IEEE P1275.3 Standardor Boot (Initialization Configuration)Firmware—Supplemerfor VMEbus, D1, August
19944

IEEE P1275.4, Standard for Boot (Initialization Configuration) Firmware—Supplementfor IEEE 896
(Futurebus+) Bus, D13, August 1994.

ISO 8859-1: 1987, Information processing—8-bisingle-bytecodedgraphcharacteisets—Partl: Latin alphabet
No. 15

RFC783, Trivial File Transfer Protocol (TFTP) Protocol Definition, NIC, June $981.

RFC906 Bootstrap Loading using TFTP, NIC, June 1984.

2.2 Special word usage

The following words havevery specificmeaningsand are usedin this standardo differentiatebetweenrequired
and optional features of the Open Firmware specification:

— The wordshallis used to indicatsandatoryrequirements.
— The wordshouldis used to indicatadvisoryrequirements (that which is strongly recommended).
— The wordmayis used to indicateptional requirements.

2 ANSI publicationsare availablefrom the SalesDepartment AmericanNational Standardsnstitute, 11 West42nd Street,13th Floor, New York,
NY 10036, USA.

3 |EEE publicationsare availablefrom the Institute of Electrical and ElectronicsEngineersjnc., 445 HoesLane, P.O. Box 1331, PiscatawayNJ
08855-1331.

4 Numbersprecededby the letter P are authorizedstandardsprojectsthat were not approvedby the IEEE StandardsBoard at the time of this
document’s publication. For information about obtaining drafts, contact the IEEE.

51S0 publications are available from the ISO Central Secretariat, Case Postale 56g)anembé CH-1211,Genéve20, Switzerland/SuisséSO
publicationsare also availablein the United Statesfrom the SalesDepartmentAmericanNational Standarddnstitute, 11 West42nd Street,13th
Floor, New York, NY 10036, USA.

6 InternetRFCsare retrievableby FTP at ds.internic.nefrfcnnn.txt (wherennn is a standard’spublication number,suchas 783 or 906), or call
InterNIC at 1-800-444-4345 for information about receiving copies through the mail.
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2.3 Definitions of terms

The following definitions give the meanings of the technical terntsegsareusedin this standardTermsdefined
hereinare italicized upon their first occurrencein eachsubclausehroughoutthe rest of the document.Terms
related to the Forth programming language are defined in ANSI X3.215t1994.

2.3.1active package:The package, if any, whose methods are accessible by nametortirandnterpreterand
to which newly created methods andproperties are added.

2.3.2alignment: The suitability of particularaddressefor accessingarticulartypesof data.For example,some
processors require even addresses for accessing 16-bit data items.

2.3.3big endian: A representationof multibyte numerical values in which bytes with greater numerical
significance appear at lower memory addresses.

2.3.4boot: To load and execute a client program.

2.3.5built-in device: A device that is either permanently attached to the computer systeeasiigptemovablepr
present in all system configurations (i.e., not optional).

2.3.6byte: A unit of computer data consisting of 8 bits.
2.3.7cell: The primary unit of information in the architecture of a Forth System. See 2.3.2.

2.3.8child node: A nodethat“descends’from anothemode,i.e., all nodesexceptthe root node.Seealso: parent
node

2.3.9client execution environment:The machine state that exists when a client program begins execution.
2.3.10client interface: A set of data and procedures giving a client program access to client interface services.

2.3.11client interface handler: A mechanisnby which controlanddataaretransferredrom a client programto
the firmware, and subsequently returned, for the purpose of providing client interface services.

2.3.12client interface services:Thoseserviceghat OpenFirmwareprovidesto client programsjncluding device
tree access, memory allocation, mapping, console 1/0O, mass storage, and network I/O.

2.3.13client program: A softwareprogramthatis loadedand executedby OpenFirmware (or a secondanboot
program). (The client program may use services provided by the Open Firmware client interface.)

2.3.14close:To destroy a package instance.

2.3.15colon definition: A command defined as a sequence of previously existing commands.

2.3.16 commandAs applied to this standard, a proceduréhe Forth programminganguageThe executionof a
commandperformssomeoperation,usually affecting the stateof one or more systemresourcesn a predefined
way. (New commandsmay be defined as sequence®f previously defined commands.Most commandshave
human-readable names expressed as a sequence of textual ch&aetaisoForth word ; word name.)
2.3.17command group: A set of commandswith defined behaviors,the group as a whole providing some

particular capability (for example, one command group is concerned with client program debugging).

“Information on references can be found in 2.1.
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2.3.18commandinterpreter: The portion of a Forth systemthat processesiserinput and Forth languagesource
code by accepting a sequency of textual characters representing Forth word naexesatibthe corresponding
Forth words.

2.3.19configuration variable: A namedparameterwhosevalue is storedin nonvolatile memory,that controls
some aspect of the firmware’s behavior.

2.3.20console:A deviceusedasthe primary meansof communicatiorwith a humanbeing,consistingof aninput
device,usedfor receivinginformationsuppliedby the human,andan outputdevice,usedfor sendinginformation
to the human.(Typically, a consoleis eitheran ASCII terminalconnectedo a serialport or the combinationof a
text/graphics display device and a keyboard.)

2.3.21current instance: The package instance whose private data is currently accessible.
2.3.22data stack: A stack that may be used for passing parameters between Forth definitions.

2.3.23decompiler: A softwarecomponenthat takesone or more compiled Forth commandsand generateshe
equivalent text representation for those commands.

2.3.24defer word: A Forth word whose name has beenenteredinto the dictionary (by the defining word
defer ), but whose action was left unresolved and may be resolved at a later time.

2.3.25device: A hardware unit that is capable of performing some specific function.
2.3.26device alias:A shorthand representation for a device path.

2.3.27device arguments:The component of a node nath@tis providedto a package'open methodto provide
addtional device-specific information.

2.3.28devicedriver: The softwareresponsibleor managinglow-level I/O operationsfor a particularhardware
device or set of devices. Contains tilk device-specificodenecessaryo communicatevith a deviceandprovides
a standard interface to the rest of the sysfee. alsofirmware device driver; operating system device driver

2.3.29 device interface: One of the interfacesspecifiedin this standardthat allows devicesto be identified,
characterized, and used to assist other Open Firmware functions such as booting.

2.3.30devicenode: A particularentryin the devicetree, usually describinga single deviceor bus, consistingof
properties methods and privatedata.(A devicenodemay havemultiple child nodesand hasexactly one parent
node. The root node has no parent node.)

2.3.31device path:A textual name identifying a device node by showing its position in the device tree.

2.3.32device specifier: Either a devicepath, a devicealias,or a hybrid paththat beginswith a devicealiasand
ends with a device path.

2.3.33 device treeA hierarchical data structure representing the physimaligurationof the system(The device
tree describeghe propertiesof the system’sdevicesand the devices’ relationshipsto one another.Most Open
Firmware elementgdevices,buses libraries of softwareproceduresetc.] are namedand locatedby the device
tree.)

2.3.34device type: Identifies the set of propertiesand packageclassesthat a nodeis expectedto implement.
Specified by thedevice type " property.
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2.3.35disassembler:A program that translatesmachine code into an equivalenthuman-readableassembly-
language representation.

2.3.36disk label: Containsdescriptiveinformation,usuallyin a well-known locationsuchasphysicalblock zero,
about the device and the media and may include logical partitioning information.

2.3.37doublet: A unit of computer data consisting of 16 bits.

2.3.38driver name: The componentof a node namethat correspondgo the value of the device’s “name”
property.

2.3.39FCode: A computerprogramminganguagedefinedby this standardwhich is semanticallysimilar to the
Forth programminganguagebutis encodedasa sequencef binary byte codesrepresenting definedsetof Forth
definitions.

2.3.40FCodedriver: A devicedriver, written in FCode,intendedfor useby OpenFirmwareandits client pro-
grams.

2.3.41FCodefunction: A self-containegroceduraunit of the FCodeprogramminganguageo which an FCode
number may be assigned.

2.3.42FCodeevaluator: The portion of OpenFirmwarethat processe§Codeprogramsby readinga sequencef
bytes representing FCode numbers and executing or compiling the associated FCode functions.

2.3.43FCodenumber: A numberfrom 0 to 4095(conventionallywritten in hexadecimabs0x00to OxOFFF)that
denotes a particular FCode function.

2.3.44 FCode probingThe process of locating and evaluating an FCode program.

2.3.45FCode program: A programencodedas a sequenceof byte codesaccordingto the rules of the FCode
programming language.

2.3.46FCode source’An FCode program in text fornsee alsotokenizer.

2.3.47firmware: A program,typically storedin read-onlymemory,that controlsa computerfrom the time thatit
is turned on until the time that the primary operating system assumes control of the computer.

2.3.48firmware devicedriver: A devicedriver intendedfor useby firmware.Contrastwith: operating system
device driver. See alsodevice driver.

2.3.49Forth word: See:command

2.3.50frame buffer: A hardwaredevicethat is usedas an interfacebetweena computerand a video monitor,
generallycontainingan arrayof memorythatis written by the computingsystem(software)andis readby special
hardware for the purpose of display.

2.3.51ihandle: A cell-sized datum identifying a particular package instance.

2.3.52instance: See:package instance

2.3.53leaf node:A device node that has no children.

2.3.54least significant: Within a group of dataitems (e.g., bits or bytes)that, takenas a whole, representa
numercal value, the item within the group with the smallest numerical weighting.
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2.3.55little endian: A representatiof multibyte numericalvaluesin which byteswith lessemumericalsignifi-
cance appear at lower memory addresses.

2.3.56load: To move the image of a client programfrom a long-term storagemedium (such as a disk) into
memory where it may be executed.

2.3.57memory managementunit (MMU): A devicethat performsaddresdranslationbetweena CPU’s virtual
addresses and the physical addresses of some bus; typically, the bus represented by the root node.

2.3.58method: A software procedure associated with a package.
2.3.59MMU: See:memory management unit

2.3.60most significant: Within a group of dataitems (e.g., bits or bytes)that, takenas a whole, representa
numerical value, the item within the group with the greatest numerical weighting.

2.3.61node: In the context of Open Firmware, node is a synonym for device Beaealsodevice node

2.3.62node name:A text stringof the form “driver-name@unit-address:device-arguments ", which
identifies a device node within the address space of its parent.

2.3.63nonvolatile memory: Computer memory whose contents are preserved when the system power is off.
2.3.64o0pen:To create a package instance.

2.3.650pen Firmware: Firmware conformingto IEEE Std 1275-1994,|IEEE Standardfor Boot (Initialization
Configuration) Firmware: Core Requirements and Practices.

2.3.660perating systemdevicedriver: A devicedriver intendedfor useby a primary operatingsystem.Contrast
with: firmware device driver. See alsodevice driver.

2.3.67package:The combination of a node’s properties, methods, and private data.

2.3.68package instanceA data structure resulting from the opening of a particular package, consiséisgtof
values for the package’s private data.

2.3.69parent node: The nodeto which a devicenodeis attachedEachdevicenodehasexactlyone parentnode,
except the root node, which has none. (A device node descends from its parent node. Traveling “up” ttreelevice
takes one through parent nodes to the root node. Traveling “down” the deviaké&smnethroughchild nodesto

the leaf nodes.)

2.3.70phandle: A cell-sized datum identifying a particular package.

2.3.71physical address:A unique identifier that selects a particular device from the sait devicesconnectedo
a particular bus.

2.3.72physical address spacethe set of possible physical addresses for a particular bus.

2.3.73plug-in device: A devicethatmaybeinstalledandremovedat will, especiallya devicethatis attachedo a
bus intended for system expansion.

2.3.74plug-in driver: A packageusually associatedvith a plug-in deviceand servingas the interfaceto that
device, that is created by evaluating an FCode program resident on that device.
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2.3.75printable character: A characteiin the range0x21 throughOx7E or the rangeOxA1 throughOxFE (see
2.3.3).

2.3.76private data: Data, associatedvith a package that is usedby the methodsof that packagebut is not
intended for use by other software.

2.3.77probe address:The addressof a device that is known when the associated~Code program begins
execution.

2.3.78prop-encoded-array: The primitive data type, consistingof a sequenceof bytes, usedto representa
property value.

2.3.79property: A descriptiveitem, consistingof an identifying propertynameand an associategropertyvalue,
that represents some characteristic of a device node or of its associated device.

2.3.80property encoding: A specificdataformat, definedby this standardthatis usedto representarioustypes
of information within a prop-encoded-array.

2.3.81property name: A text string used to specify, or name, a particular property.

2.3.82property value: The data portion of a property, stored in property encoding format.

2.3.83quadlet: A unit of computer data consisting of 32 bits.

2.3.84root node: The device node that is the root of the device tree.

2.3.85saved program state: The set of information, necessarnto begin or resumethe executionof a client
program,describingthe machinestate (including CPU registers)that will be establishedupon resumptionor

initiation of client program execution.

2.3.86script: An areaof nonvolatilememoryreservedor userinterfacecommandgo be evaluatedat particular
times during the Open Firmware start-up sequence.

2.3.87secondary boot program:A client program whose purpose is to load and execute another client program.
2.3.88select:Context determines which of the following applies:

— To establish a particular device node as the active package.

— To establish a particular device as either the console input device or console output device.

— To establish a particular instance as the current instance.

2.3.89stack: A last-in, first-out (LIFO) datastructure.This documentsometimeausesthe phrase“the stack” to
mean “the Forth data stack”.

2.3.90stack diagram: A notationalconventionusedto show the effect of a Forth word on the datastackand,
where applicable, the input buffer and return stack. See ANSI X3.215-1994 for syntactic details.

2.3.91static method: A method that can be executed without an instance of its package.

2.3.92support package:A packageresidingin the /packages node,that providesa serviceto assistin the
implementation of a particular device type.

2.3.93terminal emulator: Softwarethat makesa frame-bufferappearto have the characteristicoof a cursor-
addressable text terminal.
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2.3.94text window: Thatportionof a displayscreerthatis beingusedto displaytext (human-readableharacters
and words).

2.3.95tokenizer: A development tool that converts FCode sowmde into a (binary) FCode program.

2.3.96trace: To executethe componentstepsof a computerprogram, displaying the state of selectedsystem
resources after each step.

2.3.97unit address:The componenf a nodenamethatindicatesthe devicenode’spositionwithin the address
space defined by its parent node.

2.3.98user interface: The portion of a firmware systemthat processesommandsnterecby a human.(The user
interface defined by this standardconsistsof a Forth commandinterpreter plus a set of Forth words for
interactively performingvarious OpenFirmwarefunctions.In its fully elaboratedorm, the OpenFirmwareuser
interface gives interactive access to all Open Firmware capabilities.)

2.3.99value word: A Forth word createdby the defining word value . (A value word, when executedby
itself, placesa numericvalueon the datastack,muchlike a constant . The numericvalueof avalue wordis
changed by preceding it with the Forth weéod)

2.3.100var-aligned: Alignment suitable for the storage of a Forth variable.

2.3.101virtual address:The addresghata programusesto accessa memorylocationor memory-mappedevice
register.(Dependingon the presencer absencef memorymappinghardwarein the system,andwhetheror not
that mappinghardwareis enabled,a virtual addressmay or may not be the sameas the physical addressthat
appears on an external bus.)

NOTE—The use of the term virtual addressin this documentdoesimply that Open Firmware necessarilyusesmapping
hardware if it is present on a particular system.

2.3.102word: See:Forth word.

2.3.103word name: A text string denoting a particular Forth word.

2.4 Forth language assumptions and conventions

This subclauseontainsbasicrules for numericinterpretation syntax,stackcommentsand so on. The following
conventions and assumptions apply to all commands in this document (unless specified otherwise).

24.1 General conventions

— All numbersin this documentare decimal numbersunlessindicatedotherwise.Hexadecimal(basesixteen)
numbersareindicatedin the text with a “0x” prefix, i.e., 0x1234,or with the suffix “(hex)”. Notethatthisis a
documentatiorconvention: The commandnterpreter (describedn 7.2) is not requiredto interpretnumbers
with a“0x” prefix or a*“(hex)” suffix. Theh# command(i.e.,h# ffe0 ) maybe usedto specifyhex numbers
when using the command interpreter.

— All numbers on the stack are signed integers, _32 bits, unless stated otherwise.

— Theword “address’refersto a virtual addressthat occupiesone cell, unlessotherwisespecified.The initial
value of base whena Forth or FCode program beginsexecutionis not defined;consequentlythe program
should explicitly set the desirdise value if needed for numeric input or output.

— Theactualalignmentvaluefor a var-alignedaddresss implementation-specifidhput shall be at leastdoublet
(2-byte) aligned.
— Additional notation conventions are described in A.1.2 of annex A.

10
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242 Data types

The following data types represent numerical values or bit patterns:
— byte. An 8-bit value.

— cell. A valueconsistingof at least32-bits,capableof representing virtual address The actualcell sizefor a
particular ISA shall be specified in the ISA supplement for that ISA.

— doublet. A 16-bit value.
— quadlet. A 32-bit value.

243 ANS Forth compatibility

This OpenFirmware standardollows the conventionsand guidelineslaid out in ANS Forth, with the following
clarifications (items marked with an asterisk [*] are implementation-specific):

display after return dAACCEPTandEXPECT  advance to beginning of next line
aligned address requirements: *
behavior ofEMIT for non-graphic values: *
case sensitivity:  case-insensitive
character-aligned address requirementsnone
character set, character editingfd@CEPTandEXPECT see 7.2.1
character set: 1SO 8859-1 : 1987
control-flow stack:  *
console input and output device: *
exception abort sequence: *
input line terminator:  *
display after input terminates ACCEPTandEXPECT  advance to beginning of next line
maximum string length fOENVIRONMENT,An characters: 31
method of selection of console input and output devicesee 4.2.5
methods of dictionary compilation: *
methods of memory space management*
minimum search order: *
number of bits in one address unit: 8 bits
ranges for n, +n, u: _ 32 bits (two’s complement)
ranges for d +d ud: _ 64 bits (two’s complement)
size of one cell in address units: _ 4
size of one character in address units:1
size of the console input device’s text-input buffer: 128
size of the pictured-numeric-output-string buffer: _ 66
size of the scratch area whose address is returnedy  N/A
list of non-standard words usifAD N/A
treatment of control characters for space-delimited parsing:ontrol characters are always
treated as spaces when parsing
with space as the delimiter
system prompt: ok
type of division:  floored
values returned after arithmetic overflow: 2's complement wraparound for
addition/subtraction, unspecified
for multiplication/division
maximum size of a parsed string: 255
size of buffer aWORD 80
values ofSTATEwhen true: -1

11
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whether the current definition can be found aR&ES> *
source and format of display BEE *

Number conversion is case-insensitive; e.g., “a” and “A” are equivalent within hexadecimal numbers.

Thedata stackand return stack shall each be at least 64 entries deep.

2.5 Hardware assumptions

12

Processor.Open Firmware requiresat leastone instruction-setprocessorfor executionof the functions de-
scribedin this document.While this model can apply to systemswith more than one processorthe Open
Firmware executionmodel assumes single threadof executionon one processorThe processomay have
associatednemory management units (MMWs)d caches.

Memory. Open Firmware requires some amount of random-access memory ({@Astorageof dataandpro-
gram extensionsThe firmware programitself is storedin, and executesrom, either ROM, RAM, or some
arbitrary combination of the two.

Console devices.The optional Open Firmware interactive commandinterpreter requiresa characterinput
device and a character output device for use as the console.

Timer device.CertainOpenFirmwarefunctionsbenefitfrom the presencef an optionaltimer devicecapable
of interrupting the processorat periodic intervals. A timer resolutionof at least1 ms is preferred,but a
resolution as coarse as 100 ms is still useful.

Nonvolatile memory. CertainoptionalOpenFirmwarefeaturesrequiresomeamount(typically betweenl and
8 Kbytes) of nonvolatile memory. Examples of nonvolatile storage devices are battery-backedmemory,
electrically erasable read-only memory (EEPROM), and reserved space on disk drives.

Boot device.The booting process requiresl@vicecapableof supplyingthe client programto OpenFirmware.
Examples of boot devices are disk drives, ROM, network interfaces, and serial communication links.

Other devices.In additionto the devicedisted above OpenFirmwaremay supportother typesof devicesbut
they are not generally required for basic operation.

Built-in vs.plug-in devices.The devices that are used by Open Firmwaag,in mostcasespe eitherbuilt-in
devicesor plug-in devices The firmware devicedrivers for built-in devicesare usuallyincludedaspermanent
partsof the system’sOpenFirmwareimplementation.The driversfor plug-in devicesare typically storedon

the device itself, and thus are automatically installed and removed when the device is installed and removed.
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3. Internal structure

The functions provided through the various externalinterfacesare basedon, and describedin terms of, the
following elements:

— Forth programming language.Basic software execution model.

— Forth dictionary. Globally available functions.

— Device tree.System hardware description and drivers.

— Configuration variables. Storage for the user’s configuration choices.

3.1 Forth dictionary

The Forth dictionary is a set Bbrth words(software procedures in tf@rth programminganguage)Most of the
functionsavailablethroughthe userand deviceinterfacescorrespondirectly to wordsin the Forth dictionary.
Other words in the dictionary may serveas internal supportfunctionsto assistin the implementationof the
specified interface functions.

Some or all of the words may have externally visible names, allowing thieeei@cutedy namefrom any of the
three external interfaces.

The Forth dictionary is extensible; a usedevice drivermay add new Forth words to the dictionary.

Generally,wordswithin the Forth dictionaryare globally available;they may be calleddirectly, from any context,
at any time. This is in contrast package methodslescribed later), whose calling rules are more restricted.

3.2 Device tree

The devicetree is a hierarchicaldatastructurethat describeghe systemhardware describesuserconfiguration
choices,containsfirmware devicedrivers for hardwaredevices,and containssupportroutinesfor use by those
drivers.

The device tree’s structure mimics the organization of the system hardware, viewed as a hierarchy of
interconnected buses and their attached devices.

The devicetree consistsof a setof devicenodesthatareinterconnectedo form a tree.An individual devicenode
represents either a hardware bus, a hardware device, or a set of interrelated software procedures.

3.21 Device nodes

The root of thalevice treds a node representing the machine’s main physical address bus.
Eachdevicenodemay havechildren (otherdevicenodesdirectly subordinateo it), properties(externallyvisible
datastructuresdescribingthe nodeandits associatedlevice),methods(softwareprocedureghat may be usedto

access the device), addta (initial values ofprivate dataused by the methods).

Device nodes with children are called hierarchimades A node’sparentis the nodeto whichit is attachedn the
device tree. Theoot nodehas no parent. Device nodes without children are clddhodes

A nodewith childrenusually representsa bus and its associatectontrolling hardware.Eachbusis assumedo
define a physical address space; each device connedtet hoishasa distinct physicaladdresawithin thatspace,
uniquely distinguishing the particular device from ottieviceson thatbus.Theform of a physicaladdresss bus-
specific. The childrenof a busnodearedistinguishedrom oneanothemwith softwarerepresentationsf the same

13
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physicaladdressethat the busdeviceusesto distinguishattacheddevices.OpenFirmwareusesseveraldifferent
representations of addresses with similar meanings but different forms:

— text representation.The human-readabldorm of a physical address.The format is bus-dependentFor
example, some busesuse a comma-separatetist of numbersrepresentedas ASCII text in hexadecimal
notation.

— stack representation.Usedto passargumentgo andresultsfrom Forth words This form usually consistsof
one or more binary numbers on ttega stack

— property-encodedrepresentation. Usedto communicatewith client programsthroughpropertyvalues.This
form usually consists of a sequence of binary numbers stored within an array of bytes.

The forms of theserepresentationsliffer, but their meaningsare the same:they representphysical addresses
within a bus’sphysical address space

The detailsof thesedifferentrepresentationdiffer from busto bus,dependingon the addressingharacteristicef
the individual bus. Specificationsof Open Firmware addressrepresentationgor several standardbusesare
specified in supplements to this document (see the IEEE P1275.x documents in 2.1).

The devicetree initially containsnodesfor a computersystem’sbuilt-in devices Additional nodesfor plug-in
devicesare added later by the probing process.

Somenodesin the devicetree do not represenphysicaldevices.Thesesystemnodesare usedinsteadfor various
generalfirmware purposesSystemnodesdo not have physicaladdressesTheir nodenameshavea driver name
field but not aunit addresdield.

3.2.1.1 Node names
Each node in thdevice treas identified by anode nameising the following notation:
driver-name@unit-address:device-arguments

Thedriver name field is a sequencef betweeroneand 31 letters,digits, and punctuationcharactergrom the set
“, ._+-". Uppercaseand lowercasecharactersare distinct. By convention,this nameincludesthe nameof the
device’s manufacturer and the device’'s model name separated hy(&ée the definition offame” in annexA.)

Inclusion of the manufacturemamewithin driver nameis especiallyimportantfor devicesintendedto plug into

standardousesasthis minimizesthe risk of accidentanhamecollisions. It is somewhatessimportantfor devices
that are permanently attached to a particular system.

If the manufacturenamecomponents omitted(i.e., thereis no“, ” within the driver name),the conventionis to
asumethatthe manufacturenameis the sameasthat of the nearestancestomode(parentnode or grandparent
node, etc.) that has an explicit manufacturer name component.

The unit addressfield is the text representatiorof the physicaladdressof the devicewithin the addressspace
defined by its parent node. The form of the text representation is bus-dependent.

The deviceargumentsfield is a sequenceof printable charactersotherthan®“/”, “: 7, and“@. Uppercaseand

lowercasecharactersare distinct. The lengthis arbitrary. The deviceargumentdield is interpretedby the driver

andtypically representsadditionaldeviceinformation, suchas partition nameor protocol. The devicearguments
field and its preceding  may be omitted whespecifyinga nodename,asit doesnot serveto identify the device
node instead,it is passedo that node’'sopen methodif that driver is opened.By convention,”, ” is usedto

separate subfields within the device arguments field.
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3.2.1.2 Path names

A particularnodeis uniquelyidentified by describingits positionin the devicetree by completelyspecifyingthe
pathfrom the root nodethroughall intermediatenodesto the nodein question.The textual representatiorof a
such a path is calleddevice pathDevice paths are composed as follows:

/node-nameO/node-namel/ ... /node-nameN

WhenOpenFirmwareis searchingor a particularnode,and eitherthe driver nameor @unit-addresgortion of
thenode namés not given, Open Firmware shall arbitrarily choose a hode matching the portion that is present.

The complete unambiguousievicepath of a devicenodelists the nodenamesof all devicesin the pathfrom the
root of the treeto the desireddevice.A devicepathis represente@sa list of nodenamesseparatedy “/ ”, e.g.,
“/sbus@1,f8000000/SUNW,esp@0,800000/sd@1,0

The root of the tree is theot node which is notmamedexplicitly butis indicatedby a leading“/ ”. Therootnode
itself is named by the pathnam/e’:

Theuser interfaceand theclient interfaceboth use pathnames to identify particular device nodes.
3.2.1.3 Aliases

A devicealias, or simply alias, is a shorthandrepresentationf a devicepath For examplethe aliasdisk may
representhe devicepath*/sbus@1,f8000000/esp@0,400000/sd@3,0:b ”. An aliasrepresentan entire
devicepath, but that path neednot referto a leaf node Eachimplementatiormay havea numberof predefined
aliasesfor devicescommonlyinstalledon that machine.Usersmay create,modify, and examinealiaseswith the

devalias command. User-defined aliases are lost after a system reset or power cycle, but the effect of a persistent
aliasmay by achievedby storingthe devalias commandin the script, either manuallyor with the nvalias

command. Théermdevice-specifiedenotes stringthatis eithera devicepath,analias,or an aliasthatrefersto

a nonieaf nodefollowed by additionahode-name&omponents.

An alias nameis a sequencef printablecharacterotherthan®/”, “\'”, “:” *[* “]”, and “@. An alias
value is a device path.

3.2.2 Packages

A packageis the combinationof a devicenode’spropertiesmethods and private data In mostcasesthe terms

packageanddevicenodemay be usedinterchangeablyThe term devicenodeis typically usedwhenthe emphasis
is onthe nodeasa partof the devicetree the term packagds usedwith emphasion the useof the node’sdriver

methods.The text string thatidentifiesa devicenodeis calleda devicepath The numericalidentifier of a device

node is called ahandle

The “type” of a package ihelist andinterfacedescriptionof its externallyvisible methodsogethemwith its prop-
erties.Severaldistinct packagesnayimplementthe sameinterface.For example theremay be two displaydevice
driver packageseachimplementingthe standarddisplay deviceinterface but for differenttypesof display hard-
ware.From a usagestandpointthe two packagesre equivalent,eventhoughtheir internalimplementationsnay
differ widely.

3.2.2.1 Properties

Properties describecharacteristicoof hardwaredevices,software, and user choices. Propertiesare externally
visible; bothfirmware procedures andient programsmay inspect and perhaps modify properties.

Each property consists ofpaoperty namend its associatgutoperty value
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3.2.2.1.1 Property names

The property nameis a human-readabléext string consistingof oneto thirty-one printable charactersProperty
names shall not contain uppercase characters or the charactens™ “: 7, “[ “, “] " and “@.

Propertiesareaccessetty name.Givena string, it is possibleto determinewhetheror not thereis a propertywith
that name in a particulalevice nodeand if so, its value.

This standarddefinessomepropertynamesandthe meaningof their values;propertieswith namesthat are not
defined by this standard may be used to convey other information at the developer’s discretion.

Property names beginning with the charactéradre reserved for use by future revisions of this standard.

Eachdevicenodehasat leastone property,whosepropertynameis the string “name”, andwhosevalueis a text
string namingthe device.The valueof this “name” propertyis the driver namecomponenbf the nodenamethat
identifies the device in device pathnames.

3.2.2.1.2 Property values

Thepropertyvalueis anarrayof zeroor morebytescontainingthe informationassociatedavith thatproperty The
meaning of those bytes depends on the particular property.

This standardiefinesstandardvaysto encodevarioustypesof informationin propertyvaluebyte arrays,and pro-
ceduredor performingthe encodingand decodingprocess.The encodingtechniqueis called property encoding
Property encodingasprovisionsfor encodingtext strings,integers bytearrays,andvariousderivedtypesthatare
composed by concatenation of those primary data types.

The property-encodindormatis independenbf hardwarebyte order and alignmentcharacteristicsThe encoded
byte orderis well-defined (in particular,it is big endiar). Individual items are concatenatedo form composed
types without any “padding” for alignment reasons.

A property may havea null value, i.e., a byte array of length zero. Such propertiesusually convey true/false
information. The presence of the property signitiese, and its absence signifiédse

The property encoding rules are as follows:

— byte array. An array of bytesis encodedn a propertyvalue byte array by storing the successivédytesof the
input array into successive locations in the property value byte array.

— 32-bit integer. A 32-bitintegeris encodednto a propertyvaluebyte arrayby storingthe mostsignificantbyte
at the next availableaddressfollowed (at address+1)py the high middle byte, the low middle byte, and (at
address+3) the least significant byte.

— text string. A text string consisting af printable characters is encoded into a property value bytelarsigr-
ing the n characterst successivéocationsin the array,followed by a null byte (of binary valuezero)denoting
the end of the string.

— composite values.A successiorof individual data items is encodedinto a property value byte array by
encoding the individual items in sequenceNo alignment or padding is performed (i.e., the items are
“packed”); each sugessive item immediately follows its predecessor.

This standardspecifiesfunctionsfor performingtheseand otherderivedencodingsandfor performingthe inverse
decodingoperations.The programthat createsa property and the programthat usesit must agreeon what
information is contained in the value afpropertyof a particularnameandon the orderin which thatinformation
appears.The property encodingand decodingfunctions do not describethe meaningof the information; they
simply allow it to be expressed in an ISA-independent manner.
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3.2.2.2 Methods

Methodsare namedsoftwareprocedureshat control hardwaredevicesor provideotherservicesEachdevicenode
may have zero or more methods.

The name space for a given device node’s methods is distinct from the name spguepéites

Some device node methods are externally visible in that they may be invoked by softwareattitiethe device
node. Other methods are for internal use only and may be invoked only by other methods of the same device node.

The list of methodsfor a particular device node forms a Forth wordlist . Each methodis a Forth word.
Argumentsto andresultsfrom devicemethodsare passedn the Forth stack.The methodlists for differentdevice
nodesaredisjoint from one another.Although different devicenodesoften containmethodswith identicalnames
(for example, many nodes contaisedftest method), those individual methods are distinct.

In general beforea package’smethodscanbe used,the packagemustbe opened thuscreatingan instanceof the
packageHowever,it is possibleto definemethodghat canbe usedwithout openingtheir packagessuchmethods
are called static methods A static methodcan not refer to any instance-specifidata, nor can it executeany
function thatimplicitly refersto the currentinstance A static methodcan call anotherstatic method,andit can
call any method in a package that has been opened.

This standard defines several methods with predefined meanings as given in this clause.

3.2.2.3 Private data

Private data is usedby packagemethodsto maintain internal information. Unlike properties which can be
accessed by external software, private data can not be directly accessed from outside the package;aetiess any
to paclage data is mediated by the package’s methods. Private data can be instance-specific or static.
3.2.2.3.1 Instance-specific data

Whena packageis opened memoryis allocatedfor its instance-specificata.The contentsof thatmemorycanbe
changedwithout affecting any otherinstancef that packagelnstance-specifidatacan be either initialized or
zero-filled.

A packagecontainsinitial valuesfor its instance-specifidata.Whena packages openedtheseinitial valuesare
copied into the corresponding locations within themoryallocatedfor thatinstance Subsequentodificationsof

the instance’s initialized data do not affect the initial values contained within the package.

TheForth wordsvariable , value , anddefer , in conjunctionwith instance , andtheir FCodeequivalents,
create initialized data items.

Whena packagées openedthe locationswithin the memoryallocatedfor thatinstancecorrespondingo the zero-
filled data are set to zero.

The Forthword buffer: | in conjunctionwith instance , andtheir FCodeequivalentscreateszero-filled data
items.

3.2.2.3.2 Static data
Staticdatais sharedamongall instanceof a particularpackageand persistsevenwhenno instanceexists.Static

data may thus be usedto communicatebetweendifferent instancesof the samepackage.This includestwo
instances that exist simultaneously as well as two instances that exist at different times.
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3.2.2.4 Package creation

Eachpackages a devicenodein the devicetree Packagesmplementingdevicedrivers arelocatedin the device
tree as children of the device node for the bus on whictdtieeresidesPackagegmplementingutility functions
not associatedvith any specific device are usually locatedas children of the /packages device node,which
exists as a place to put those utility packages.

New packagesare createdduring the probing portion of the systemstart-upsequenceThe processof creatinga
new package involves the following:

a) Creatinga new “empty” devicenodeat the appropriatelocationin the devicetree and makingit the active
package

b) Interpreting arFCode progranto define itamethodsandpropertiesand allocating storage for its data.
c) Finishing the package to “freeze” the initial values of its instance-specific data.

At any given time, if there is an active package,
— Newly created-orth wordsbecome methods of the active package.

— Newly createdrorth variables values,buffersand defer words may define either static or instance-specific
dataareas.The defaultis static. Instance-specifidatais allocatedif the defining word is precededby the
instance  modifier.

— If thereis a currentinstance newly createdporopertiesare addedto the packagegrom which that instancewas
created; otherwise, newly created properties are added to the active package.

— The process of searching for Forth words considers first the methods of the active package, igltpoledly
visible words.

If there is not an active package:

— Newly created Forth words are globally visible (i.e., not specific to any package).

— Newly createdrorth variables values,buffers,anddefer wordsallocateglobal storage(not associatedvith
any particular package).

— If thereis a currentinstance newly createdpropertiesare addedto the packagefrom which that instancewas
created; otherwise, new properties cannot be created.

— The process of searching for Forth words considers only globally visible words.

Thereis alwaysan activepackagevhenan FCodeprogramis beingevaluatedWhena new packages createdoy
probingan FCodeprogram the new packages placedin the devicetreeasa child of the hierarchicaldevicethat
performs the probing. (In general, hierarchical devices are responsible for knowing how to probe their children.)

3.2.3 Package instances

In most cases, in order to us@ackagethe packaganustbe openedthuscreatinganinstanceof thatpackageA
packageinstanceconsistsof a copy of the package’sprivate data copiesof any argumentshat were provided
when the instance was created, and linkage information that allows the package instance to locate aof itsstance
parent device’'s package. The numerical identifier of an instance is callegngite In general, when packages
opened, all of the packages in the path fromdindce tredo that package are opened also.

Severalinstancesof the samepackagemay be in use simultaneously eachwith its own separatecopy of the
package’s private data and instance arguments.

By analogyto traditional operatingsystemsa packageis similar to a programresidingin a disk file, and an

instance is similar to a running “process™task”. Similar to theway that multiple independenprocessesmay be
created from a single program, multiple independent instances may be created from a single package.
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3.2.3.1 Instance chains

A packageis openedfrom a devicepath (or equivalentdevicealias) that specifiesthe path from the root of the
devicetree to the devicein question.Eachcomponenbf that path, beginningat the root, is opened creatingan
instancefor eachdevicein the path. The instancesare linked togetherso that eachpackageinstancemay locate
the instance of its parent.

Whenaninstances no longerneededi.e., the programthat openeda packagedecideshatit will nolongerneed
the function providedby that package)the instancemay be closed thusfreeingthe memoryusedby its private
data and perhapsdeactivatingdevicescontrolled by that packageor its parents.An instancemay be closed
individually or the entireinstancechainto which it belongsmay be closed.In the latter case the instancesn the
chain are closed in the order opposite to the order in which they were opened. In other wostianeas closed,
and then its parent instance is closed, and then its parent’s parent, and so on.

3.2.3.2 Instance methods

Before using a packagemethod in mostcaseshe packagemustfirst be opened thus creatingan instance The
instance is representégl anihandle a numericalvaluethatrefersto a particularinstance At any giventime, one
instance at most, may be the currentinstance The private data of the currentinstanceis accessiblethe private
data of other instances is not.

In order to use a package method, its instance must be made current.

To call a methodfrom anothermethodwithin the samepackage,no special action needbe taken; since the
approprateinstancemustalreadybe the currentinstancefor the calling methodto run, the calledmethodmay be
invoked directly, without changing the current instance.

To call a packagemethodfrom the “outside” (i.e., from someexecutioncontextotherthanthe instancecontaining
the method irquestion) a differentapproachs used.The calleridentifiesboththe methodto be calledandthein-

stancethatis to be currentfor the durationof that method’sexecution.Thereare variouscommanddor calling

methods,differing in the forms of methodand instanceidentification. In general,such a commandsavesthe
ihandle of the currentinstanceby pushingit on the return stack,makesthe called instancethe currentinstance,
executeghe method,andthenpopsthe savedihandlefrom the returnstack,restoringthe currentinstanceto that
value.

The caller must know thidandleof the instancecorrespondingo the methodto be called. Therearetwo common
ways to acquire this knowledge:

— The caller may have openedthe packagewhosemethodis to be called. The processof openinga package
returnsthe resulting ihandle, which the caller may savefor later use in calling the ihandle’s associated
methods.

— The packageto be called may be the parentof the calling instance.As mentionedin 3.2.3.1,eachinstance
autamatically knows the ihandle of its parent.

A static methodcanbe executedat any time, regardles®f whetheror not its packagds open.It canbe executed
directly by othermethodswithin the samepackagepr its executiontokenmay be passedo execute or catch
or storedin adefer word for later execution.Therearevariouswaysto determineits executiontokenin various
circumstances, for examplnd -method or[] .
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3.3 Configuration memory

Configurationmemorystoresinformationthat affectsthe behaviorof variousOpenFirmwarefunctionsaccording
to the user’spreferencesThe choicesarestoredin someform of nonvolatiiememory,suchaselectricallyerasable
PROM or battery-backed RAM.

OpenFirmwareprovidesfunctionsfor settingthe configurationmemorythroughthe userinterfaceandthe client
interface

The preciselayout of the datastoredin configurationmemoryis not exposedhroughany of the OpenFirmware
external interfaces.Configuration memory fields are accessedy name, as with device-nodeproperties This
facilitatesthe additionof newfields andthe deletionof fields that are no longerneededsinceexternalsoftwareis
unaware of precise storage locations and internal storage formats.

3.3.1 Configuration variables

Configurationvariablesare predefinedconfigurationmemorychoicesthat affect OpenFirmwarein well-defined
ways.

Thelist of configurationvariablesvariesfrom systemto system.Suchchoicesoftenincludethe devicefrom which
to boot the operating system, the device to use as the console, and the amount of memory to be tested.

For eachconfigurationvariable supportedby a particularimplementation,Open Firmware maintainsboth the
defaultvalueof the variable,typically storedin ROM, andthe currentvalue,storedin configurationmemory.The
defaultvaluesare useful for restoringthe settingsto their factory defaults,which may be doneeither upon user
commandor automatically,if the firmware determinesthat the contentsof configuration memory have been
corrupted.

3.3.2 Custom start-up script

The customstart-upscript is a portion of configurationmemorythat cancontainan arbitrary user-supplied-orth
language program. That program can be executéamaticallyaspartof the OpenFirmwarestart-upsequencelt

canbe usedfor a variety of purposesincluding work-aroundsor patchedor firmware or devicedriver bugs,user
enhancements, or customizations beyond the capabilities obmifiguration variables

The customstart-upscript occupiesthe portion of configurationmemorythat is not dedicatedto other purposes
such as configuratiomariables ts lengthcanvary from zeroup to the amountof availableconfigurationmemaory.
The custom start-up script can execute essentially any of the commands that are preseseirirttezface

The contentsof the customstart-upscript canbe seteitherthroughthe client interfaceor with the text editor that
is an optional part of the user interface.

3.4 Standard property names
Thesestandardpropertynamesapplyto all devicenodes regardles®f type; particulartypesof deviceshaveaddi-

tional propertiesspecified in subsequent sections. Most of the following properties are optipaakagencludes
the property to declare a particular characteristic if desired. fdaé’ property is required for all packages.
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Theproperty valualata formats for these properties are described in their glossary entries in annex A.

“name” Standardgproperty nameo define the name of the package.
“reg” Standardgproperty nameo define the package’s registers.
“device_type " Standardgproperty nameo specify the implemented interface.
“interrupts " Standardgproperty nameo define the interrupts used.
“model " Standardgproperty nameo define a manufacturer’'s model number.
“address " Standardgroperty nameo define large virtual address region(s).
“compatible " Standardgproperty nameo define alternatertame” property

values.
“status " Standardgroperty nameo indicate the device’s operational status.
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3.5 Standard system nodes
Standard system nodes are as follows:

/

This is theroot node It is the root of thelevice tregall other nodes descend from it. Its lists describe basic
machinepropertiessuch as model, revision, and manufacturing date phigsical address spacfined by

this node is the main physical address bus of the system. The methods of this node provide mapping services

for the main system bus. On a uniprocessor machine this node may also contain properties describing the
CPU. On a multiprocessor machine, each CPU would have its own node below the root node.

Property name Encoding | Value
name string Name of system’s manufacturer and model number, e.g.,
“ABC,mat750 ".
/aliases

The property list of this node is the devalias list. For each property in this nogeopleety names the name
of an alias, and the property value is the alias’s expansion, encoded asnegde-string 7.

Property name Encoding | Value
name string “aliases
/openprom

Describes the Open Firmware.
The standard properties of this node are as follows. Additional system-dependent properties may also be

present.

Property name Encoding | Value

name string “openprom ”

model string Describes manufacturer and revision level of firmware. See
model property.

relative  -addressing (none) Presence of this property indicates that the Open Firmware
supports bus-relative physical addressing (early precursors t¢
Open Firmware used a different addressing scheme).

/options

The properties of this node are the systetnisfiguration variable. The property names are the names of
those configuration variables, and fireperty valuesre the output text representations (see 7.4.4.1) of those
configuration variables. Client programs may examine and change the values of these properties with
getprop andsetprop , thus examining and changing the values of the corresponding configuration
variables. Similarly, users may examine and change thenpwiitfenv , setenv , and$setenv .

Value
“options

Property name
name

Encoding
string
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/chosen
Has properties describing parameters chosen or specified at runtime.

Property name Encoding | Value

name string “chosen ”

stdin int lhandlefor the console input device. May be used withrdasl
client interfacefunction to read characters from that device.

stdout int lhandlefor the console output device. May be used withvihiee
client interface function to write characters to that device.

bootpath string Thedevice pathor the last boot device. Client programs may

this property to locate the device they were booted from. Thig
property may be modified to select a different boot device.

bootargs string The arguments to the last boot command. This property may
modified in order to alter the options to the boot command, w|
options may be interpreted by the Open Firmware or by the ¢

program(s).

memory int lhandlefor the package that describes the allocation status of
physical memory. See 3.7.6.

mmu int lhandlefor the package, if any, that the firmware is currently

using for memory management. This property shall not be pr¢
if there is no such package. See 3.6.5.

/packages

This node may have several children, but instead of describing a physical bus, this node serves as a parent
node forsupport packageodes (both standard support packages and system-specific ones). The children of
this node are general-purpose support packages not attached to any particular hardware device. The physical
address space defined by this hierarchical node is the trivial one: all addresses are the same (0,0). Its children
are distinguished by name alone.

Property name Encoding | Value
name string “packages "

3.6 Standard packages

A standardpackagemplements a defined set pifopertiesandmethodsthusproviding a servicethat may beused
by otherfirmware componentsTherearethreekinds of standardbackagesstandardsystemnodes,devicestypes,
and standardupport package.

— Standard systemnodes.The purposeof a standardsystemnodeis to containsystem-leveinformation. Most
standardsystemnodescontainonly propertieswith no executablanethodsThe /packages standardsystem
node contains the standard support packages (described later).

— Device type packagesThe purpose of a typicplackagds to providea devicedriver for a particularhardware
device.A standarddevicetype is a specificationfor the interfacepresentedy packagef that type, so that
otherfirmware componentslefinedby this standarccanusesuchpackagesn a predictableandusefulfashion.
Typically, somesuchpackagesre preconfigurednto a bootfirmware systemby the manufacturerand others
are added later by evaluatifgode programsThe preconfiguredbackagesorrespondo built-in devicesand
thosethat areaddedater correspondo plug-in devices The particularsetof propertiesand methodsdepends
onthe package’slevicetype. This standarddefinesseveraldevicetypes,their correspondingetsof properties
and methods,and the ways in which packagesmplementingthose devicestypes are used by other Open
Firmware componentsA particular firmware systemmay have severaldistinct packagesmplementinga
particular device type. For example, a system might have several differenbkiigk controllers,eachwith a
package impleenting the disk device type.

— Standard support packages.The purposeof a standardsupportpackagss to assistin the implementatiornof
package®f standarddevicetypes.Standardsupportpackagesre preconfigurednto the bootfirmware system
residing (with the exceptionof the display driver supportpackagesps children of the /packages node.A
standardsupportpackagds somewhatnalogougo a “subroutinelibrary.” This standarddefinesseveralstan-
dardsupportpackageseachwith its own definedsetof propertiesand methods Typically, a particularsystem
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hasexactlyoneof eachsuchpackagesincesupportpackagesrelocatedby namein the “flat” namespaceof
the/packages node, there is no way to find or use more than one of each).

This clauselists severalstandarddevicetypesand severalstandardsupportpackagesnd describeshow they are
used.The definitive specificationof thosedevicetypesand standardsupportpackagess givenin the glossaryin
annexA. This clausealsodescribes templatefor a setof methodsthat are commonlyusedby devicetypescorre-
spondingto particularbusesTheindividual methodsin that setaredefinedby this standard(in annexl), but the
definition of particularstandarddevicetypes(groupingsof methods)that include thosemethodsis left to other
related standards, such as bus-specific supplements.

3.6.1 Parent methods

When apackages openedwith open-dev , all of thepackagesn the pathfrom theroot of the devicetreeto that
package are opened also, resulting ifmnatancechain. Similarly, when that instance chatlosed all the pack-
agesthat it representsare closed. This implies that any device node with children that can be openedwith
open-dev must itself hav@pen andclose methodsotherwise, it would not be possible to open those children.

This standardexplicitly definesonesuchnode theroot node.Typical systemshaveadditionalsuchnodes,usually
correspondindo standardexpansiorbusesThe detailsof thosenodesarethe subjectof relatedstandardsor may
be vendor-dependent for proprietary buses, but those nodes muspbkavandclose methods.

The childrenof the/packages nodearesupportpackageswhich are openedwith open-package insteadof
open-dev . Sinceopen-package doesnot openthe entire path,the /packages nodeneednot haveopen
andclose methods.

In many casestheseopen andclose methodscan be very simple; often just returningtrue with no other
actionfor open anddoingnothingfor close . Suchsimpleimplementationsreappropriatefor “hardwired” bus
hardware where the bus adapter hardware has little or no software-visible “state”.

A very similar requirement is imposéy the semanticof pathnameesolution.In orderto matchthe unit address
componenbf a nodename the parent’'sdecode -unit methodis executediransformingthe text representation
of the unit address into iteumericalform. This impliesthe needfor a decode -unit  methodin anydevicenode
that defines physical addresspacefor its children.In mostsystemsthe nodesto which this requirementpplies
arethe sameasthe onesto which the open andclose requirementapplies.However,it is conceivablethat a
systemmight havea nodewith a fixed setof childrenthat are distinguishedoy nameonly without needingany
form of physical address space. Such a node would not rissgbde -unit  method.

open (-- okay?) Prepare this device for subsequent use.
close (-) Close this previouslgpen ed device.
decode -unit (‘addr len -- phys.lo ... phys.hi) Convert text unit-string to physical address.
encode -unit ( phys.lo ... phys.hi -- unit-str unit-len ) Convert physical address to text unit-string.

3.6.2 Generic methods

Any packageregardles®f its devicetype canimplementa selftest methodso that the userinterfacetest
commandcanbe usedto causeits correspondingleviceto betested.This standardmposesno requiremenbn the
existence of zelftest method in any package, but customer support considerations often demand it.

selftest (-- ?error?) Perform self-test for this device.

Thereset methodcanbeimplementedo putthe devicein a quiescenstate.Thereset methodis not invoked
by any standardOpen Firmware functions, but may be explicitly executedfor particular “problem” devicesin
particular Open Firmware implementations.

reset (-) Put this device into a quiescent state.

24



IEEE
CORE REQUIREMENTS AND PRACTICES Std 1275-1994

3.6.3 Package I/O model

Most input, output, and storage devices are accessedwith a byte-oriented“read/write/seek”interface. I/O
operationsare specifiedby a startingvirtual addressand a byte count, and the implementation“hides” device-
specificdetailslike block sizesandrecords.A particulardeviceonly implementsthe setof operationghat make
sensefor it; for example,the read methodmight not be applicableto a frame-bufferdevice,and the write
method might not be applicable to a CD-ROM.

The client interfaceentriesread , write , and seek , describedn clause6, are essentiallydirect interfacesto
similarly named methods of standgralckages

3.6.4 Expansion bus device class template

A memory-mappethuslogically extendghe processor'snemoryaddresspaceo includethe deviceson that bus,
allowing the useof processofoad and storecyclesto directly addresgshosedevices.The detailsvary from busto
bus. This standarddoesnot specify the adaptationof Open Firmwareto any particular bus, but other related
standards do so specify (see 2.1). This subclause list®frsethodshatdealwith requirement€ommonto most
memory-mappedbusesThis subclauses intendedasa suggestedstartingpoint for the developmenbf complete
setsof methodsfor particular buses;also seerelated standardssuch as IEEE Std 1275.2-1994.The methods
provide mapping servicesfor establishingthe correspondencéetweenprocessorvirtual and device physical
addressesallocation of DMA memory, and probing to locgeg-in devices

map-in ( phys.lo ... phys.hi size -- virt ) Map the specified region; return a virtual address.
map-out (virt size --) Destroy mapping from previousap-in .

dmaalloc (... size --virt) Allocate a memory region for later use.

dmafree (virt size --) Free memory allocated wittma-alloc

dmamap-in (... virt size cacheable? -- devaddr) Convert virtual address to device bus DMA address.
dmamap-out (virt devaddr size --) Free DMA mapping set up wittma-map-in .
dmasync (virt devaddr size --) Synchronize (flush) DMA memory caches.

probe-self  (arg-str arg-len reg-str reg-len fcode-str fcode-len -- Evaluate FCode as a child of this node.

The following properties are specific to this clasgefice node

“ranges " Standardgproperty nameo define a device’s physical address.
“#address -cells " Standardgroperty nameo define the package’s address format.
“#size -cells " Standardgproperty nameo define the package’s addreszeformat.

3.6.5 Memory management device class template

An MMU is a devicethat performsaddresstranslationbetweena CPU’s virtual addressesand the physical
addresse®f somebus,typically the busrepresentedby the root node In general,the detailsare both processor-
specificandbus-specificThis standarddoesnot specifythe adaptatiorof OpenFirmwareto any paticular MMU,

but other related standards may so specify (see 2.1). This standard does not require the presence of an MMU.

This subclausdists a set of methodsthat deal with requirementscommonto most MMUs. This subclausds
intendedasa suggestedtartingpoint for the developmenbf completesetsof methodsfor particularMMUs. The
methodsprovide servicesfor fine-grainedcontrol of the allocationand mappingof virtual addressearticularly
intendedfor use by client programsthroughthe call -method client interface service (seealso the “mmu
property of the /chosen node).In general,the use of thesemethodsmakesa client programsystem-specific;
neverthelesgheyareusefulin somecircumstanceslhe argumentsandresultsshownareintendedas guidelines;
particular MMUs might require additional arguments or changes to the arguments shown.

The presenceof an MMU node doesnot imply that the Open Firmwareis necessarilyusing virtual-to-physical
address translation hardware.
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The following methods, defined in the glossary, are recommended for pdkhges

claim ([ virt] size align -- base ) Allocate (claim) addressable resource
release (virt size --) Free (release) addressable resource.

map ( phys.lo ... phys.hi virt size mode --) Create address translation

unmap (virt size --) Invalidate existing address translation.
modify (virt size mode --) Modify existing address translation.

translate (virt -- false | phys.lo ... phys.hi mode true Jranslate virtual address to physical address.

Additional requirements for thedaim andrelease methods:
— The address formatijrt, is a single-celirtual address

— The allocation lengthsize is a single cell.

— The allocated resource is a region of virtual address space.

The following properties are recommended for MMU packages:

“available " The property values are as defined for the standagl™ format, with single-cell virtual
addresses. The regions of virtual address space denote the virtual address space that is currently
unallocated by the Open Firmware and is available for use by client programs.

“existing " The value of this property defines the regions of virtual address space managed by the MMU in
whose package this property is defined without regard to whether or not these regions are
currently in use. The encodingswft andlen are MMU-specific.

NOTE—Freeingvirtual addressspacedoesnot necessarilyfree any associateghysical resource.The correct sequenceof
operationdor freeingmappedmemoryis to first useunmap, thusdestroyingthe translation.Thenthe physicalmemoryand
virtual address space can be freed withrédease methods of the respective nodes.

3.7 Standard device types

Thedevice typef aparticularpackageidentifiesthe setof propertiesandmethodghatthe packages expectedo
implement. Any particular package may also implemerdraitrarynumberof propertiesandmethodsn addition
to thoseimplied by its devicetype. The devicetype of a nodeis given by the propertyvalue (of type string) of its
“device_type " property.

It is not necessaryor everynodeto havea “device_type " property.If a particulardeviceis not usefulfor any
OpenFirmwarefunction (e.g.,booting,console probing)thenit neednot havea devicetype. For example,Open
Firmware has no use for a FAX modesnsucha devicedoesnot needa devicetype.However thereis no restric-
tion preventingit from havinga devicetype solong asits devicetypeis not the sameasoneof the standardypes
(i.e., a device should not claim to be something that it is not).

Open Firmware suppliesa set of standardsupport packagesthat assistin the implementationof methodsfor

standarddevicetypesin termsof “lower-level” methodsthat more closely matchthe native capabilitiesof some
commontypesof hardwaredevicesFor example the“deblocker " supportpackagemplementsa byte-oriented
read methodin termsof record-orientedperationson a tapedevice.A particularimplementatiorof a standard
package for a given device type is allowed, but not required, to use the provided support packages.

The following standarddevicetypesare definedby OpenFirmware. Subsequensubclausesliscussthesedevice
types more extensively.

“device_type " value Example Typical use

“display " bit-mapped frame-buffer console output

“block " hard disk booting

“byte ” tape booting

“network ” Ethernet interface booting

“serial " asynchronous serial line console input and output
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Related standards will define additional standard device types. For example, standards speedpiplgcationof
Open Firmware to particular expansion buses will define standard device types for those buses (see 2.1).

3.7.1  “display ” devices

“display " devicesareuseroutputdevicesthatcandisplaytext, performcursor-positioningperationsontrolled
by embeddedANSI X3.64 escapesequencesand possibly display bit-mappedlogos. Examplesof “display ”

devicesinclude bit-mappedframe buffers graphicsdisplays, and character-mappedisplays. Open Firmware
typically uses display devices for console output.

Thereare severalstandardsupportpackagedo assistin the implementationof the standard*display " device
methods. Theéerminal emulatosupport package processes a streatexafwith embeddedANSI X3.64 escapese-
guencesconvertingit to a sequenceof calls to primitive display operationssuch as draw -character . For
certaintypes of bit-mappedframe buffers, the “fb8 ” supportpackageimplementsthose primitive operations.
Finally, the “font ” supportpackageprovidesa defaultbit-mappedfont suitablefor usewith the “fb8 ” support
package.

The“display " glossaryentry (annexA) specifiesthe setof methodsfor this devicetype For referencethose
methods are listed as follows:

open (-- okay?) Prepare this device for subsequent use.

close (-) Close this previouslgpen ed device.

write (addr len -- actual ) Write memory buffer to device, return actual byte count.
draw -logo (line# addr width height --) Callsdraw -logo routine for this device.

restore (-) Restore device to useable state after unexpected reset.

The followingpropertyis specific to this device type:

character -set Standardgpropertynameto specify the character set for this
device.

3.7.2 “block ” devices

“block " devicesarenonvolatilemassstoragedeviceswhoseinformationcanbe accesseth any order.Examples
of “block " devicesinclude hard disks, floppy disks, and CD-ROMs. Open Firmware typically uses"block ”
devices for booting.

Although standargackage®f the ‘block " device typgresent byte-orientednterfaceto therestof the system,
the associatechardwaredevicesare usually block-oriented;i.e., the device readsand writes datain “blocks”
(groups of, for example,512 or 2048 bytes). The standard“deblocker " support packageassistsin the
presentatiorof a byte-orientednterface“on top of” an underlyingblock-orientednterface,implementinga layer
of buffering that “hides” the underlying block length.

“block " devices are oftesubdividedinto severalogical “partitions”, asdefinedby a disk label—a specialblock,
usually the first one—containinginformation about the device. The driver is responsiblefor appropriately
interpretinga disk label. The driver may use the standard“disk -label " supportpackageif it doesnot
implementa specializedabel. The “disk -label " supportpackagéanterpretsa system-dependetébel format.
Since the disk-booting protocol usually dependsupon the label format, the standard“disk -label " support
package also implementdaad methodfor the corresponding boot protocol.

The “block " glossaryentry (annexA) specifiesthe set of methodsfor this device type. For reference those
methods are listed as follows:

open (-- okay?) Prepare this device for subsequent use.
close (-) Close this previouslgpen ed device.
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read (‘addr len -- actual ) Read device into memory buffer, return actual byte count.
(continued)

write (addr len -- actual ) Write memory buffer to device, return actual byte count.
seek ( pos.lo pos.hi -- status ) Set device position for nextad orwrite

load (addr -- size ) Load a client program from device to memory.

3.7.3  “byte ” devices

“byte ” devicesaresequential-accesnassstoragedevices.typically, tapedevices.OpenFirmwaretypically uses
byte devices for booting.

Although standardpackagesf the “byte ” devicetype presenta byte-orientednterfaceto the restof the system,
the associated hardware devieesusuallyrecord-orientedi.e., the devicereadsandwrites datain “records”con-
taining more than one byte. The recordsmay be either fixed length (all recordsmust be the samelength) or
variablelength(therecordlengthmayvary from recordto record). Tapesmay be subdividedinto severaltapefiles
delimited by file marks.

The standarddeblocker " support packagessists in the presentation dfyte-orientednterface“on top of” an
underlying record-orientedinterface, implementing a layer of buffering that “hides” the underlying record
structure.

The “byte " glossaryentry (annexA) specifiesthe set of methodsfor this device type. For reference those
methods are listed as follows:

open (-- okay?) Prepare this device for subsequent use.

close (-) Close this previouslgpen ed device.

read (addr len -- actual ) Read device into memory buffer; return actual byte count.
write (addr len -- actual ) Write memory buffer to device; return actual byte count.
seek ( pos.lo pos.hi -- status ) Set device position for nextad orwrite

load (addr -- size ) Load a client program from device to memory.

3.74  “network ” devices

“network " devicesare packet-orienteddevicescapableof sendingand receiving packets(frames) that are
addressedhccordingto Local Area Network (LAN) specificationsfor Media AccessControl (MAC) addresses
administered by the IEEE Registration Authofit9pen Firmware typically usesétwork " devices for booting.

The standard'obp-tftp " supportpackageassistan the implementatiorof the “load ” methodfor this device
type

The “network " glossaryentry (annexA) specifiesthe setof methodsfor this devicetype. For referencethose
methods are listed as follows:

open (-- okay?) Prepare this device for subsequent use.

close (-) Close this previouslgpen ed device.

read (addr len -- actual ) Read device into memory buffer; return actual byte count.
write (addr len -- actual ) Write memory buffer to device; return actual byte count.
load (addr -- size ) Load a client program from device to memory.

The followingpropertiesare specific to this device type:

8 For information on the use of MAC addresses and Organizationally Unique Identifiers (OUI), see IEEE Std 802-1990. To apply foMA©UI or
address, contact the Registratidathority, IEEE Standards Dept., 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.
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“local -mac-address ” Standardgproperty nameo specify preassigned network
address.

“mac-address " Standardgproperty nameo specify network address last used.

“address -bits " Standardgroperty nameo indicate network address length.

“max-frame -size ” Standardgproperty nameo indicate maximum packet size.

3.75 “serial " devices

“serial " devicesare byte-orientedsequentiallyaccessedlevicessuch as asynchronousommunicationlines
(often attachedto “dumb” terminals).Open Firmware typically uses“serial " devicesfor consoleinput and
output.

The “serial " glossaryentry (annexA) specifiesthe set of methodsfor this devicetype For referencethose
methods are listed as follows:

open (-- okay?) Prepare this device for subsequent use.

close (-) Close this previouslgpen ed device.

read (addr len -- actual ) Read device into memory buffer; return actual byte count.
write (addr len -- actual ) Write memory buffer to device; return actual byte count.
install  -abort (-) Begin polling for a console abort sequence.
remove-abort (-) Cease polling for a console abort sequence.

restore (-) Restore device to useable state after unexpected reset.
ring -bell (-) Ring the bell.

3.7.6 Memory

In this context,memoryrefersto traditional RAM, suitablefor temporarystorageof data.Typically, the aggregate
amountof main memoryon a systemis representedby a singledevicenode The propertiesof that nodedescribe
the regionsof memorythat existandthosethat are currently available.The methodsprovide fine-grainedcontrol
over the allocation of that memory. These allocation methodsatarededfor useby system-specifiprogramshat
need precise control over their use of physical memory. Portable programsmust use other functions (e.g.,
alloc -memandfree-mem ).

The “memory” glossaryentry (annexA) specifiesthe set of methodsfor this devicetype For referencethose
methods are listed as follows:

claim ([phys.lo ... phys.hi] size ... align -- base.lo...base.M\locate (claim) addressable resource.
release ( phys.lo ... phys.hi size ... --) Free (release) addressable resource.

The “memory” glossary entry (annex A) defines tlslowing properties For referencethosepropertiesarelisted
as follows:

“reg” Standard property defining tiphysical addresses
installed in the system without regard to whether or not
that memory is currently in use by the Open Firmware or
client program

“available " Standard feg ” format property defining the regions of
physical address space that are currently unallocated by
the Open Firmware.

3.8 Standard support packages
Supportpackagesare usedby other packagego implementcommonlyusedfunctions.With the exceptionof the

supportpackageselatedto displaydevicesthey arelocatedin the /packages devicenode,openedwith either
open -package or $open -package , andclosedwith close -package
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3.8.1 “disk -label " support package

The “disk -label " packageinterpretsthe disk label, interpretingany “partitioning” information contained
therein. It is used byblock ” devicedrivers

This package uses thead andseek methodf its parent. It defines the following methods:

open (-- okay?) Prepare this device for subsequent use.

close (-) Close this previouslgpen ed device.

load (addr -- size ) Load a client program from device to memory.

offset (d.rel --d.abs) Convert partition-relative disk position to absolute position.

3.8.2 “obp-tftp " support package

The “obp-tftp ” packageimplementsthe Internet Trivial File TransferProtocol (TFTP) for usein network
booting. It is typically used bynetwork " device drivers

This package uses thead andwrite methodf its parent, and defines the following methods:

open (-- okay?) Prepare this device for subsequent use.
close (-) Close this previouslgpen ed device.
load (addr -- size ) Load a client program from device to memory.

3.8.3 “deblocker " support package

The“deblocker " packageassistsn the implementatiorof byte-orientedead andwrite methodsor block-
orientedor record-orientedlevicessuchasdisksandtapes.lt providesa layer of buffering to implementa high-
level byte-orientednterface“on top of” a low-level block-orientednterface.The “deblocker " supportpackage
defines the following methods:

open (-- okay?) Prepare this device for subsequent use.

close (-) Close this previouslgpen ed device.

read (addr len -- actual ) Read device into memory buffer; return actual byte count.
write (addr len -- actual ) Write memory buffer to device; return actual byte count.
seek ( pos.lo pos.hi -- status ) Set device position for nextad orwrite

Any packagethat usesthe “deblocker " support packagemust define the following methods,which the
deblocker uses as its low-level interface to the device.

block-size (-~ block-len) Return “granularity” for accesses to this device.
max-transfer (-- max-len) Return size of largest possible transfer.

read -blocks (‘addr block# #blocks -- #read ) Read#blocks starting ablock# from device into memory.
write -blocks (‘addr block# #blocks -- #written ) Write #blocksfrom memory into device, starting lelbck#

3.84 Terminal emulator support package

Theterminal emulator support packagépresent, shall interpret control sequences as described in annex B.

3.8.4.1 Terminal emulator interface conventions

For historical reasonsthe terminal emulatorsupportpackage’sinterfaceconventionsdiffer from thoseusedby
other support packages.

A standardpackageof the “display " devicetype that usesthe terminal emulatorsupportpackagedoesnot
createopen andclose methodsn the usualway. Instead,it executess -install andis -remove , which
themselves create suitalpen andclose methods that, whelater executedautomaticallyinstall andinitialize
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the terminal emulatorsupportpackage The selftest methodfor sucha packagecan either be createdin the
normal fashion or by executing -selftest

is -install (xt--) Createopen and other methods for this display device.
is -remove (xt--) Createclose method for this display device.
is -selftest (xt--) Createselftest method for this display device.

Insteadof acquiringits low-level serviceswith the usualtechniqueof calling methodsof its parent,the terminal
emulatorusesa setof interfacedefer wordsandvalue s. This interfaceis calledthe defer wordsinterface.A
defer wordis a Forth word (or an equivalent=Codefunctior) which, whenexecutedhasthe effectof executing
arotherForthword. It is like a variablethat executests contents.The terminalemulatorusesa group of defer
wordsfor invoking display devicedriver routines.When a display devicedriver is opened it setsthe valuesof
thosedefer wordssothatthey later executethe driver’s device-specifiaoutinesfor performingvariousdisplay
operations.

Open Firmware functions that write text to a display device use the normal pac&tipelsnterface. The defer
wordsinterfaceis usedfor the internalcommunicatiorbetweerthe terminalemulatorsoftwareandthe low-level
display management routines.

3.8.4.2 Terminal emulator state variables

The following value words are usedand/or set by the terminal emulator The “fb8 ” generic frame-buffer
supportpackageusesthem to determinewhere and how to display charactersDisplay devicedrivers may use
themasneededA displaydevicedriver routineis permittedto changetheir valuestemporarily,but the previous
values must be restored before that routine exits.

line# , column# , inverse? and inverse-screen are set by the terminal emulatorand are usedby the
driver or the“fb8 ” supportpackage#lines and#columns aresetby the driver or fb8 -install andare
used by the terminal emulator and tffie8* " support package.

line# (--line#) Return the current cursor line number.

column# (-- column#) Return the current cursor column number.

inverse? ( -- white-on-black? ) Indicates how to paint characters.

inverse -screen? (-- black?) Indicates how to paint the background.

#lines (--rows) Return number of lines of text in text window.

#columns (-- columns) Return number of columns of text in text window.

3.8.4.3 Display device low-level interfaces

Theterminal emulatorusesthe following defer wordsto accesglisplaydevicedriver routines.Whena display
devicedriver is opened it mustsetthe valuesof thesedefer wordssothatthey will executethe corresponding
device-dependembutinesdefinedby that devicedriver. Many display devicedrivers can usethe “fb8 " generic
frame-buffersupportpackageto do mostof the work. In that case the following defer wordsaresetasa group
by executingfb8 -install , and then selecteddefer words, for which the generic implementationsare
incorrect for that device, are changed as needed.

Thetext cursoris consideredo be betweentwo adjacentcharactersFor displaysthat indicatethe cursorposition
by highlightling a particular character, the “true” cursor position is just before the highlighted character.

draw -character (char --) Draw a character at the current cursor position.
reset -screen (-) Perform frame-buffer device initialization.

toggle -cursor ) Toggle the state of the text cursor.

erase -screen -) Clear the screen.

blink -screen ) Flash the screen.

invert -screen ) Exchange the foreground and background colors.
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insert -characters (n-) Insertn spaces to the right of the cursor.

delete -characters (n--) Deleten characters to the right of the cursor.

insert-lines (n--) Insertn blank lines at and below the cursor line.
delete-lines (n--) Deleten lines at and below the cursor line.

is -install createsa draw -logo  methodin the currentpackagethat will executethe draw -logo defer

word. Thedraw -logo method is not invoked by the terminal emulator, bubdyner .

draw -logo (line# addr width height --) Draw (atline#) the logo stored at locatiaddr.

NOTE—Thesedefer  words are intendedto be called only by the terminal emulator. Essentially,this defer  words
interfaceis a privatecommunicatiorchannelbetweerthe terminalemulatorpackageand a display devicedriver that happens
to use it. There is no requirement that a given display device driver must use the terminal emulator support package.

3.8.4.4 Frame-buffer support routines

The frame-buffersupportroutinesmakeit easyto implementthe low-level display interfacesfor certainkinds of

“dumb” bit-mappedframe buffers. Thereare two setsof frame-buffersupportroutines.One setis for 1-bit-per-
pixel frame buffers, and the other for 8-bits-per-pixel frame buffers. The 8-bits-per-pixel rasimEsmetimede
coercedinto service for deeper(e.g., 24-bits-per-pixel)frame buffers as well. It can be difficult to achieve
acceptabldext display performancewith “dumb” frame buffersif the renderingroutinesare written directly in

FCode because eadfisplayoperationtypically changesiundredsof individual pixels. Thesesupportroutinescan
alleviate that problem, since their underlying implementation can be in optimized machine code.

The following discussioappliesto boththe obsoletel -bit frame-buffersupportroutinesandthe 8-bit frame-buffer
support routines. When referritg the obsoletel -bit frame-bufferroutinessubstitutethe numberl for the number
8. The frame-buffer support routines are used as follows:

The displaydriver packagedeterminedhe virtual addressof the beginningof the frame buffer (typically, with a
mappingoperation),setsframe -buffer -adr to that addresswith the FCodeequivalentof the phrase“to
frame -buffer -adr ”, setsup the font with set -font , andthenexecutedb8 -install with appropriate
argumentsiescribingthe width and heightof the frame buffer. This establishe®ehaviorsfor the defer ~ words
thatcomprisethe low-level displaydeviceinterface The displaydriver packagahenreplaceghe behaviorsof any
of thosedefer wordsfor which it hasa betteror more appropriatémplementatiorthanthe one suppliedby the
frame-buffer supportpackagejust installed and correctsthe centeringif necessaryy changingthe values of
window -left  and possiblyindow -top .

set -font  establisheshe font for useby the frame-buffersupportroutines.lts argumentsare typically supplied
by default -font , thususingthe font providedby the system but a display driver can supplyits own font by
calling set -font with argumentsdenotingthat font. >font is usedinternally by the frame-buffer support
packageslt can also be usedby display drivers that perform their own rendering(not using the frame-buffer
support packages) using the system default font.

default -font (-- addr width height advance min-char #glyphs )

Return the font parameters for the default system font.
set -font ( addr width height advance min-char #glyphs --)

Set the current font as specified.
>font (char -- addr) Return beginning address fonar in the current font.

The followingvalue words are used internally by both the 1-bit and the 8-bit frame-buffer support routines.
— frame -buffer -adr is set by the display driver prior to installing the support routines.
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— screen -height , screen-width , window -top , and window -left are set by the execution of
fb8 -install . The display driver can changewindow -top and window -left afterwardsif that is

necessary to correct the centering of the display on the screen.
— char -height |, char -width , andfontbytes  are set by the execution st -font

Most display driver packagesdo not directly use screen -height , screen-width , window -top ,
window -left , char -height , char -width ,font , orfontbytes . For those that do, the primary uséas
driversthatinstall their own routinesin placeof oneor moreof the supportpackageroutines;suchroutinesoften
needto know the displayandfont geometry andthe driver canavoid keepinga duplicatecopy of the information
by using these values.

frame -buffer -adr (--addr) Return current frame-buffer virtual address.
screen -height (-- height) Return totaheightof the display in pixels.
screen-width (-- width ) Return totawidth of the display in pixels.

window -top ( -- border-height ) Return window top border in pixels.

window -left (-- border-width ) Return window left border in pixels.

char -height (-- height) Return theheightof a font character in pixels.
char -width ( -- width) Return thewidth of a font character in pixels.
fontbytes (-- bytes) Return interval between entries in the font table.

3.8.4.4.1 1-bit frame-buffer support routines

The “fb1l " genericframe-buffersupport packageimplementsthe display device low-level interfacesfor frame
bufferswith 1 memorybit perpixel. The“fbl ” genericframe-buffersupportpackages an obsoletefeaturethatis
implementedn many existing systemslt is describedn annexH. A systemmay, but neednot, implementthis
support package.

3.8.4.4.2 8-bit frame-buffer support routines

The “fb8 " genericframe-buffersupportpackageimplementsthe display device low-level interfacesfor frame-
bufferswith 8 memorybits per pixel. It assumeghat successivanemory bytescorrespondo successiveixels,
possiblywith undisplayedytesat the endof eachscanline, andthatbytesat lower addressesorrespondo pixels
to theleft. In normal(not inverse)video mode,backgroundixels are drawnwith the value 0x00, and foreground
pixels are drawn with the value OxFF.

Executionof fb8 -install installs the otherroutinesas the behaviorsof the correspondindow-level display
device interface defer  words, and setsthe values of screen -height , screen-width , window -top |,
window -left , #lines , and#columns .

fb8-install ('width height #columns #lines -- ) Install all built-in generic 8-bit frame-buffer routines.

fb8 -draw -character (char --) Implement the b8 ” draw -character  function.

fb8 -reset -screen (-) Implement the b8 ” reset -screen function.

fb8 -toggle-cursor (-) Implement the b8 ” toggle -cursor function.

fb8 -erase -screen (-) Implement the b8 ” erase -screen function.

fb8 -blink -screen (-) Implement the fb8 ” blink -screen function.

fb8 -invert-screen (-) Implement thefb8 ” invert -screen function.

fb8 -insert  -characters (n-) Implement thefb8 ” insert -characters function

fb8 -delete -characters (n-) Implement the b8 ” delete -characters function.

fb8 -insert  -lines (n-) Implement the b8 ” insert-lines function.

fb8 -delete -lines (n--) Implement the b8 " delete-lines function.

fb8 -draw-logo (line# addr width height --) Implement the b8 ” draw -logo  function.
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4. Internal procedures

Open Firmware’s primary task is to control the machine from the time power is applied uptihiaey operating
system has bedoadedand has taken control of the machine.

In typical operation, Open Firmware performs the following sequence of operations, in the order given:
a) Initialize and tesbuilt-in devices

b) Locate, initialize, and tegtlug-in devices

c) Load and executedient program

d) Provide services requested by the client program.

4.1 Forth language environment

The underlyingexecutionmodelfor OpenFirmwareis the executionmodelof the Forth programminglanguage.
The Forth execution model includes the following items:

— Dictionary. The list ofForth words.

— Data space.The memory used by Forth words.

— Data stack.The stack used for parameter passing.
— Return stack. The stack used for procedure nesting.
— Input buffer. The current line of textual input.

— Input source. The source device for textual input.
— Output stream. The destination of textual output.

— Text interpreter. Processes textual commands.

OpenFirmwareusesthe dialectof Forth describedn ANSI X3.215-1994.That documentshouldbe consultedfor
more information about the Forth programming language.

4.2 Start-up sequence

Thetypical start-upsequencés describedn moredetail below. Someportionsof the start-upsequencenay not be
presentin all implementationsFor example,the “probing” processmay not be relevantto systemswithout any
provision for plug-in devicesandthe ability to manuallyinterruptthe start-upsequencés of dubiousvalueif no
user interfacas present.

After the systempoweris turnedon, or the systemis otherwiserestartedput beforeOpenFirmwaregainscontrol

of the machine,other system-dependerfirmware may be executed.Typically that other firmware tests some
portion of the machinebeforepassingcontrolto OpenFirmware.The detailsof suchotherfirmware, the methods
it usesto passcontrol to Open Firmware, and the “division of labor” betweenthat other firmware and Open
Firmwarein theinitialization of built-in devicesand otherdevicesthatdo not usethe OpenFirmwaremethodsof

auto-identification, are outside the scope of this standard.

Upon entry, Open Firmwairiaitializesits own datastructuresandthosedevicesnecessaryor its own execution f
the script is presentand enabled,Open Firmware executesthe contentsof the script. Open Firmware then
initializes a system-dependent set of built-in devices and locates and initializes the system’s plug-in devices.

The process of initializing a device generatigludessomeamountof testingto ensurethatthe deviceis function-
ing correctly.
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After the devices are initialized, Open Firmware selects devices for console input and output and displays a start-up
message on the console output device. If the precadirajization/testingstepsdetectedany devicefailure condi-

tions, messageslescribingthose failures may be displayed on the console output device before the start-up
message.

After the console is established, additional initialization and testing operations may be performed. For example, the
initialization and testing of large memory regions might be deferred until after the console has been established.

OpenFirmwarethenselectsa boot device,usesit to load a client programinto memory,and executeghe client
program.Subsequentlythe client programusesOpen Firmware servicesvia the client interface. The sequence
may be different in certain circumstances. Some examples follow:

— If aserioushardwarefailure is detectedduring an initialization/testingstep,the normal start-upsequencenay
be aborted at a system-dependent step.

— Theusermaychooseto abortthe start-upsequencérom the keyboard perhapgo avoid automaticloadingand
execution of the client program.

— The system may allow the user to dynamically control the extent of various testing steps.
— The execution of the script may modify subsequent portions of the start-up sequence.
— Automatic booting may be disabled bgnfiguration variables

4.2.1 Initial self-test

Initial self-testis whatevertestingis performedin the very early stagesof the start-up sequencebefore Open
Firmware gains control of the machine.

The details of thénitial self-testsequencareoutsidethe scopeof this standardut typically includesomeamount
of “sanity checking” of the processoand the hardwarethat is closely connectedo it. Usually, someportion of
initial self-test(perhapsall of it) is written in register-base@ssemblylanguage becausdt mustrun whenthe
machine first begins to execute instructions and must initialize and test the computer at a very low level.

The details of how this initial self-testtransferscontrol to Open Firmware are not specifiedby this standard,
becausehe stateof the machineat the time of that transfertendsto be quite system-specificOften, the transfer
can be as simple as jumping to a well-known location in ROM.

4.2.2 Firmware initialization

After the machine-dependeinitial self-test,OpenFirmwaregainscontrol of the machineandbeginsto initialize
itself. The precisedetailsof this initialization dependon the implementationand the computersystem,but the
following steps are often included (in no particular order):

— Determining the memory configuration.

— Selectingand preparingthe memoryto be usedfor Forth and Open Firmware data structureslike stacks,
memory allocation pools, artevice treanternal structures.

— Initializing various devices (e.g., MMUs, interrupt controllers, timers) that are required for the basic
functioning of Forth and Open Firmware.

— Initializing a “fallback” diagnosticoutput device to display error reportsin casean error occurs during
firmwareinitialization.

— Testing configuration memory to determine if its contents are valid and, fasettingthe configurationvari-
ablescontained therein to their default values.
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4.2.3 Start-up script evaluation

If the scriptis presentandenabledthe Forth programcontainecthereinis evaluatedNormally, afterthe scriptis
evaluated,the start-up sequencecontinues.However, it is possibleto include in the custom start-up script
commands that modify the remainder of the start-up sequence in an essentially arbitrary manner.

The normal Open Firmware start-up sequence is as follows:

a) Power-on self-test (POST)

b) System initialization

c) Evaluate the script (ifise -nvramrc? is true)

d) probe -all (evaluated=Codg

e) install  -console

f) banner

g) Secondary diagnostics and other system-dependent initialization
h) Default boot (ifauto -boot? is true)

i) Invoke thecommand interpreteif the preceding step returns)

If the userinterfacescript featureis implemented usersmay modify the portionsof the start-upsequencehat
follow its evaluation.

424 Plug-in device probing

Probing is the process of determining the presence and charactefigtiog-in devices For a devicethatusesthe
Open Firmware identification methods the bulk of the probing processconsistsof the executionof an FCode
programassociated with the device.

Some devices are always attached to a system, and other plug-in deemaonal. The devicenodesandassoci-
ateddriversfor permanentlattachedlevicesusuallyresidein the main OpenFirmwaresystemROM, wherethey
arepermanentlyinstalledin the devicetree The devicenodesfor plug-in devicesare not permanentlyinstalledin
the device tree; Open Firmware must locate those devices before using them.

Probing is the process of locating plugdievicesandinstallingtheir devicenodesin the devicetree. This involves
selecting a bus device and using it to test for the presence of devices attached to that bus.

It is possiblefor a plug-in deviceitself to be a busdevice.For example an SBus(IEEE Std 1496-1993B2]) plug-
in devicemight be an adapterfor a VMEbus (IEEE Std 1014-1987[B1]) in an externalcard cage.Before the
children of a buslevicecanbe probed the deviceitself mustalreadyexistin the devicetree.For the precedingex-
ample,the SBuswould haveto be probedto locatethe VMEbus adapterand install its device node beforethe
VMEDbus could be probed for its children.

The devicetreeis thusconstructedncrementally beginningfrom the permanenpartrepresentinguilt-in devices
and proceeding outward toward the leaves of the tree.

The system default probing sequence is automatically executed during the start-up sequence, unless overridden.

Eachbusdevicethat is capableof acceptingplug-in devicesdefinesa devicemethodfor probingits subordinate
devices. In addition, bus devices may define device-dependeninterface commandar probing.
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4.2.5 Console selection

The consoles the pair of input andoutputdeviceghat OpenFirmwareusesfor communicatingwith the user(for
example, a keyboarahda bit-mappedlisplay).The consoledevicesare selectedafter probing,allowing the useof
plug-in devicedor the console. Input and output may be on different devices.

After probing, an input deviceand an output device are selectedfor use as the consoledevices.The selection
processmay be either automatic, basedupon the set of devicesfound during probing, or as configured by
configuration variablesThe drivers for the selected devices@renedand console input and output is directed
those devices.

Beforethe consoleis activatedany outputproducedby OpenFirmwaremusteitherbe bufferedfor later displayor
directedto a separataliagnosticoutputdevice.Whethera diagnosticoutput deviceexists,how it is chosen,and
how it is accessed, are all system-dependent.

After the consoleis activated,subsequenOpen Firmware outputis displayedon the consoleoutput device by
invoking itswrite  method Characters are received from the console input device by invokirgdts method.

4.2.6 Secondary self-test

Exceptfor thosedevicesthat are so closelyconnectedo the main processothatthey mustbe testedvery early in
the start-upsequencedevicetestingis often deferreduntil after the consolehasbeenactivated.This hasthree
benefits:

— Messages showing the progress of and the results from the testing may be displayed on the console.

— Theuser-perceivedelayfrom the time poweris applieduntil the consoleis activatedis minimized (because
the testing in question occurs after console activation rather than before).

— The testingmay be donevia packagemethodsthus providing a rich set of tools for usein developingand
controlling the tests and allowing machine-independent testiptugfin devices

4.2.7 Booting

Booting is the processof loading and executinga client program, usually the operatingsystem.Booting usually
happensautomatically requiringno userintervention.Fromthe commandnterpreter,the usercanalsoexplicitly
initiate booting.

4.2.7.1 Boot process

The boot processproceedsasfollows: A deviceis selectedor booting by invoking the device’sload method,a
program is read from that device into memory using a protocol that depends on thedgypiesgdndthe program
is then executed. The further behaviottwdt programmay be controlledby an argumentstring thatis madeavail-
ableto the program.Often, this programis a secondaryboot program whosepurposeis to load yet anotherpro-
gram.The secondarpootprogrammay be capableof usingadditionalprotocolsotherthanthe protocolthat Open
Firmwareusedto loadthefirst program.For example OpenFirmwaremay usethe Trivial File TransferProtocol
(TFTP)to load the secondarpoot program,which then usesthe Network File System(NFS) protocolto load the
operating system from another file.

For disk booting, OpenFirmwaremight load the secondarypoot programby readingthe first few sectorsrom the
disk, and that secondaryboot program might understandhe operatingsystem’snative file systemstructure,
loading the operating system from such a file.

Typical secondary boot programs accept arguments of the following form:

filename -flags ...
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wherefilenameis the nameof a file containingthe operatingsystem,and-flagsis a list of optionscontrolling the
detailsof the start-upphaseof eitherthe secondanboot program,the operatingsystemor both. However,from
OpenFirmware’spoint of view the boot argumentsare an opaquestring that is passeduninterpretedo the boot
program. The boot arguments are made available througii¢heinterface

The devicepath of the boot deviceis also availableto client programs,so they may determinethe device from
which they were booted.

4.2.7.2 Boot protocol

The protocolusedto load thefirst client programdependsn the type of device For example the first stagedisk
boot might reada fixed numberof blocks from the beginningof the disk. The first stagetapeboot might reada
particular tape file.

4.2.8 Interrupting start-up

The provisiondor interruptingthe start-upsequencéy usercommandareimplementation-dependenithe typical
methoddor doing so are as follows:

— Thedevicedriver for the consoleinput devicemay periodicallytestfor the presencef someeventthat means
the userwantsto interruptthe currentoperation.Typically, that eventis a particularcharacteror a particular
combination okeyssimultaneouslydepressedlhe usualresponséo sucha userrequests to abortthe current
operation and invoke trmommand interpreter

The effectivenesef this methoddependn the presencef a timer-driveninterruptfacility (the“alarm” func-
tion) to periodicallyinvoke the consoleinput driver sothatit maytestfor the user-interruptequestregardless
of what other operationsmay be occurring.In mostimplementationsit is inappropriateto interrupt certain
portionsof the start-upsequenceThoseportionsmay be guardedby disablingthe timer interrupt while they
are executing.

— Testsequencethat maytakea long timeto finish, suchasmemorytests,may chooseto explicitly checkfor a
user-interruprequestat certaintimes. The usualresponsas to skip the remainderof the test, but thenceto
return to the normal start-up sequence so that it may proceed.

4.3 Path resolution

This sectiondefinesthe procesf resolvinga devicepath given by a device-specifierTherearethreecontextsin
which this can occur:

— find -device . In this context,the intentionis to locatethe nameddevicenode and selectit asthe active
packagewithout any other side effects.

— open-dev . In this context,the intentionis to open every node namedin the path by executingits open
method,therebycreatingan instancechain,andto returnthe ihandle of the nodeat the tail endof the chain
(the node farthest from the root node).

— execute-device-method . In this context,the intentionis to openeverynodenamedin the path except
for thelastnode An instancechainis createdjncludinganinstancefor the lastnode,butinsteadof executing
thatlastnode’sopen method,a differentmethod,givenasan argumentjs executedThenthe openinstances
areclosedand the instance chain is destroyed.

The overall structureof the pathresolutionprocesss the samein all threecontexts.This descriptionshowsit as
one process with conditional tests at places where the details are context-dependent. Howevantibesegle-
mented that way; for example, each context could be implemented separately.

The processs describedn Englishasa setof procedureseachconsistingof stepsthat are generallyexecutedn
order,with the scopeof conditionaltestsshownby indentationandlooping structuresshownby labelsand“go to”
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lines. It makesliberal useof variablenamesto identify intermediatedataitems. The scopeof suchvariablesis
“global” with respectto the proceduresThe useof thesevariablenamesdoesnot imply that an implementation
mustor shouldusesuchvariables;they are usedsolely for descriptivepurposesSimilarly, the descriptionof the
processin terms of proceduresdoesnot imply that the implementationshould be so structured;the separate
procedures were used in the description so that the top-level description would not be unwieldy.

The following notation describes the parsing of pathnames into component parts:
left-split(string, “x") -> initial, remainder
String initial, andremainderare the names of string variables, axdi$ a character.

Left-split divides string into two disjoint substrings,setting initial to the portion of string before the first
occurrenceof the character*x”, and remainderto the portion of string following the first occurrenceof the
character'x”. Neitherinitial nor remaindercontainsthatfirst occurrenceof “x”, althoughremaindermay contain
otherlater occurrence®f that characterlf string doesnot containthe character*x”, initial is setto string in its
entirety, andemainderis set to the empty string.

right-split(string, “x”) -> initial, remainder

Right-split is similar to left-split, exceptthat the division of the string occursaroundthe last occurrenceof the
character X”, rather than the first.

The use of the precedingnotation doesnot necessarilyimply the existenceof functions namedIleft-split and
right-split; it is simply a notationalconvention.(This standarddoesdefine a function left -parse -string
whose semantics are very similar to4gflit, but the details of returning the results are somewhat different.)

In searchingor a matchingnode,the orderin which the variouschild nodesare considereds unspecified At the
implementation'sliscretion,if no matchis found amongthe children,the searchmay be widenedto includethe
children’s children, recursively to any depth.

In the following algorithmic description (4.3.1 through 4.3.5), the text enclosed in boxes is commentary describing
the intention of the algorithm. The text outside of the boxes is definitive.

431 Path resolution procedure (top level procedure)

If the pathnameadoes not begin with “/”, and its firstode name&omponent is aalias replace thaliaswith its
expansion.

a) If PATH_NAME does not begin with the “/” character,
1) Left-split(PATH_NAME, “/") -> HEAD, TAIL.
2) Left-splitHEAD, “”) -> ALIAS_NAME, ALIAS_ARGS.
3) If ALIAS_NAME matches a defined alias,
i) Replace ALIAS_NAME with its alias value.
i) If ALIAS_ARGS is not empty:

a) Right-split(ALIAS_NAME, “") -> ALIAS_HEAD, ALIAS_TAIL.
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b) Right-split(ALIAS_TAIL, “) -> ALIAS_TAIL, DEAD_ARGS.

c) If ALIAS HEAD is not empty,
Concatenate(ALIAS_HEAD, “/",ALIAS_TAIL) -> ALIAS_TAIL.

d) Concatenate(ALIAS_TAIL, “", ALIAS_ARGS) -> ALIAS_NAME.
iii) If TAIL is empty, replace PATH_NAME with ALIAS_NAME.

iv) Otherwise (when TAIL is not empty),
Concatenate(ALIAS_NAME, “/", TAIL) -> PATH_NAME.

If the pathnameafter possible alias expansion, begins with “/”, begin the search at the root node. Otherwise,
begin at theactive package

b) Otherwise (when PATH_NAME begins with the “/” character),
1) Remove the “/”" from PATH_NAME.
2) Set theactive packageo the root node.

c) If there is no active package, exit this procedure, returiaisg

Begin the creation of an instance chain.

NOTE—If, at this step, the active package is not the root node and weggrerindev or execut e- devi ce- net hod
contexts, the instance chain that results from the path resolution process may be incomplete.

d) Setthe temporary variable PARENT-INSTANCE to zero, ARGUMENTS and UNIT_ADDR to empty strings.

‘This is the beginning of a loop whose body is executed once for each node name of the pathname. ‘

e) If PATH_NAME is empty, go to step m).

‘Open the node if that is appropriate. ‘

f) If in execute-device-method oropen-dev context,
1) Create a new linked instance using the procedure described in 4.3.2.

2) Execute the nodespen method.

‘ Parse the nextode naménto itsdriver nameunit addressanddevice argumentomponents.

g) Left-split(PATH_NAME, “/”) -> COMPONENT, PATH_NAME.
h) Left-split(COMPONENT, “") -> NODE_ADDR, ARGUMENTS.
) Left-splitNODE_ADDR, “@”) -> NODE_NAME, UNIT_ADDR.
j) Search for a matching child node using plnecedure described in 4.3.3.

k) If the search succeeds,
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The following optional step creates well-formed instance chains (i.e., with no missing components) by opening
intermediate nodes that were not explicitly named impttaname

1) (Optional.) If inexecute-device-method context oropen-dev context, traverse the path from the
active packagéeo thechild nodefound in the search step; at each node in that path, exclusive of the two
endpoints,

i) Set active package to the node in question.

i) Create a new linked instance using phhecedure described in 4.3.2, with ARGUMENTS and
UNIT_ADDR temporarily set to the empty string.

iii) Execute the nodetspen method.

‘ Move to the matching node. ‘

2) Set the active package to the child node found in step j).

‘Go back to the beginning of the loop to handle furgr@ghnamecomponents. ‘

3) Go back to step e).

‘On a failing search, clean up any resources that have been allocated so far, then exit. ‘

[) Otherwise, (when the search fails):

1) Close and destroy any instances that were created during this procedure, closing more recently created
instances first.

2) Restore theurrent instancdo the instance that was current prior to beginning this procedure.
3) Restore the active package to the package that was active prior to beginning this procedure.

4) Ifin open-dev context orexecute-device-method context, exit from this procedure, returning
false

5) Otherwise (when ifind -device context), exit from this procedure Byow ing a nonzero code of
unspecified value.

‘At this point, the finahode namdas been selected. ‘

m) If in open-dev context,

‘Open the final node, thus completing the instance chain, and return its ihandle. ‘

1) Create a new linked instance using the procedure described in 4.3.2.

2) Execute the nodetspen method.

3) Restore the current instance to the instance that was current prior to beginning this procedure.
4) Restore the active package to the package that was active prior to beginning this procedure.

5) Exit from this procedure, returning titeandleof the instance created in step m1).
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Otherwise, if inexecute-device-method context,

‘Complete the instance chain, execute the desired method, clean up, and exit.

0)

1) Create a new linked instance using the procedure described in 4.3.2.

2) Attempt to execute the method whose name was given asetiedargument to
execute-device-method , guarded by aatch .

3) Destroy the current instance.

4) Close and destroy any parent instances that were created during this procedure, closing more recently
created instances first.

5) Restore the current instance to the instance that was current prior to beginning this procedure.
6) Restore the active package to the package that was active prior to beginning this procedure.

7) If the method execution in step n2) succeeds (i.e., the method exists andttrdwotan error), exit
from this procedure, returning the value that resulted from the execution of the named metheel and

8) Otherwise (when the method execution in step n2) fails), exit from this procedure, retaiseng

Otherwise (when ifind -device context), exit from this procedure, leaving the active package set to the
node that was located by this procedure.

4.3.2 Create new linked instance procedure

Res

Create a new instance, add it to the instance chain, and set its various fields (used several places by “Path

olution” procedure).

a)
b)
c)
d)

e)

42

Create a newnstanceof theactive packagand make it theurrent instance
Set the instancetay-args field to ARGUMENTS.

Set itsmy-parent  field to PARENT-INSTANCE.

Set PARENT-INSTANCE to the newly created instance.

Set the instancetay-unit  field as follows:

1) If UNIT_ADDR is empty,

i) If the active packagdas a feg " property, semy-unit  to the physical address in the first
component of therég ” property value.

ii) Otherwise, semy-unit to O, ... 0.
2) Otherwise, sety-unit to UNIT_PHYS.

Exit this procedure.
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4.3.3 Search for matching child node procedure

Search for a node that matches the gigewer nameandunit addresssearching first the direct children of the
active packageand then, optionally, deeper levels of the tree (used by “Path Resolution” procedure).

a) If UNIT_ADDR is not empty,

Initialize the unit search for thactive packagby converting thenit addresstring to its canonical numerical
form.

1) If theactive packagéas adecode -unit methodgexecute the active packagdscode -unit  method
with UNIT_ADDR as the argument and set UNIT_PHYS to the result.

2) Otherwise, return FAILURE.
b) Search for a matching node among the direct children of the active package, first using the exact match
criteria described in 4.3.4 and, if no exact match is found, then usimgltheard matckcriteria described in

4.3.5.

c) If a match is found among those direct children, return SUCCESS.

‘This optional step allows nodes to be located even if some intermediate nodes were omittecdpftimanee

d) (Optional.) Otherwise, (when no matching node is found among those direct children), repeat the following
steps for each of those children:

1) Set theactive packageo achild node

2) Recursively execute this “Search for Matching Child Node” procedure until either a matching node is
found or all nodes in this subtree have been searched.

3) Restore the active package to the node that was active at the beginning of the process.
4) If a match is found, return SUCCESS.
e) Return FAILURE.

4.3.4 Exact Match criteria

Under the Exact Match criteria, the node must matchdtheer nameandunit addresg€omponents if both are
given in thepathnameOtherwise, the node must match whichever component is given (used by “Search fo
Matching Child Node” procedure).

=

a) If NODE_NAME is not empty,
1) If the test node has nm&me” property, return FAILURE.

2) If the value of the lame” property does not match NODE_NAME, according to the criteria described in
4.3.6, return FAILURE.

b) If UNIT_ADDR is not empty,

1) If the test node has noeg ” property, return FAILURE.
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2) If the physical address in the first component of the value ofrdge™ property does not match
UNIT_PHYS, return FAILURE.

c) If both NODE_NAME and UNIT_ADDR are empty, return FAILURE.
d) Return SUCCESS.

4.3.5 Wildcard Match criteria

Under the Wildcard Match criteria, the node must matchdiineer namecomponent if it is given in thgathname)
and the node must have freg " property (used by “Search for Matching Child Node” procedure).

a) If NODE_NAME is not empty,
1) If the test node has nm&me” property, return FAILURE.

2) If the value of the lame” property does not match NODE_NAME, according to the criteria described in
4.3.6, return FAILURE.

b) If the test node has agg " property, return FAILURE.
c) If both NODE_NAME and UNIT_ADDR are empty, return FAILURE.
d) Return SUCCESS.

4.3.6 Node Name Match criteria

The Node Name Match criteria allows the “manufacturer name” portion of the node name to be optionally,
omitted from the pathname.

a) If NODE_NAME contains a,"”,

1) If the NODE_NAME string is the same as the entire string value ofrtéw@é&” property, return
SUCCESS

2) Otherwise return FAILURE.
b) If NODE_NAME does not contain g *,

1) If the NODE_NAME string is the same as the entire string value ofrtéw@é&” property, return
SUCCESS.

2) If the NODE_NAME string is the same as the string value of the portion oh#ree” property
following its first “, ”, return SUCCESS.

3) Otherwise return FAILURE.
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5. Device interface

The deviceinterfaceallows OpenFirmwareto identify and useplug-in devices The interfaceis basedon a byte-
coded programming language knoesi-Code The FCodelanguagés evaluatedy a OpenFirmwarecomponent
known as thé&Code evaluatar

5.1 General

The OpenFirmwaredeviceinterfacespecifiesthe behaviorof a firmware systemso that, whencompliantdevices
areaddedto a computersystemwhosefirmware is compliant,the firmware may determinethe characteristicef
those devices and may use them for various purposes, such as text display andlpaaimngm

5.1.1 Description

A standard~Code evaluator providesa definedenvironmentfor the executionof standard=Code programs.A
standard FCode evaluator is typically a component of thefionmotare associated with a CPU board.

A standard~Codeprogramis a programwritten in the FCode language(defined herein) that obeysprescribed
rules for programstructureand usage.Consequentlyjts behavioris predictablewhen executedby a standard
FCode evaluator. A standard FCode program is typically residenploig-#n device

A commonuseof a standard=Codeprogramis to implementa standardpackagethat is relevantto the kind of
device with which the FCode program is associated.

5.1.1.1 FCode basics

FCodeis a way ofrepresenting programin the Forth programminganguageby usingmachine-independeibyte
codes to represent a setstéindard-orth words FCodeusesa dialectof Forththatis basedon ANSI X3.215-1994
(however,FCodeis not a StandardSystemas defined by ANSI X3.215-1994),with extensionsappropriatefor
firmwarerequirements. AirCode programnis a representation of a computer program in the FCode language.

FCodeprogramsare processedy a softwarecomponenknownasan FCodeevaluator An FCodeevaluatorreads
a sequence of bytes (the FCode program), performing a specified action for each byte.

Typically, an FCode program resides in a ROM attachegtogrin device The FCodeprogramservedo identify
andto provide a firmware devicedriver for that device.The FCodeevaluatoris typically a part of the firmware
associated with a CPU board.

The meansfor invoking the FCode evaluatorand for locating the FCode correspondingto particular devices
dependson the setof busesand featuressupportedby a particular Firmware implementation.Thosemeansare
described in machine-specific Open Firmware documents (see 2.1) and in clause 7.

Forth is a stack-basegrogramminglanguagewith postfix syntax.Forth sourcecode may be either interpreted
“on-the-fly” or incrementallycompiledfor later execution FCodeis semanticallysimilar to Forth sourcecode,but
the lexical tokens of Forth are space-delimited text strings, whereas the lexical tokens of FCode are binary bytes.

The basic action of a Fortommand interpreteis to repeat the following sequence:

a) Collect a space-delimited string from the input buffer.
b) Find the corresponding name in a symbol table.
c) Either execute or compile the associated function.
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An FCodeevaluatorreplacestemsa) and b) with “Read a byte” and “Use that byte asan index into an array,”
respectively. The same executable functions that are associatedxtithl Forth wordsareassociatedvith FCode
numbers

FCodeprogramsare createdfrom textual Forth sourcecodeby a programcalled a tokenizer.A tokenizerreadsa

sequence of textual Forth words and writes the corresponding se@fi&@@adebytes.The specificationfor a pre-

ferred form of source code fgenerating=Codeprogramsandfor the behaviorof a tokenizerto procesghatform

of sourcecode,is givenin annexC. The mappingfrom textual Forth wordsto FCodebytesis nearly one-to-one,
and the preferred source format is very similar to a standard Forth program.

SinceFCodefunctionsare semanticallyidenticalto Forth words,the FCodeexecutionenvironments that of the
ForthprogramminganguageForthwordsare passednput argumentsandprovide outputresultsvia a LIFO data
stack Eachstackelementis aninteger.The maximumstackdepthis implementation-dependertiut mustbe at
least 64 elements.

5.1.1.2 Notation
This clause list&Code functionsising a short-form notation. The complete descriptions are given in annex A.
Eachof the short-formdescriptiondgn this clausegivesthe nameof the FCodefunction (usually the sameasthe

name of the correspondingForth word), a stack diagram the FCode number, and a brief description.The
following is an example:

Name Stack diagram FCode number Description
dup (X--xX) 0x47 Duplicate the top item on the stack.

A stackdiagramdocumentghe argumentghat an FCodefunction removesrom the top of the data stackandthe
results that the function places on the top of the data stack, as follows:

(‘argumentl argument? ... -- resultl result2 ...)

Theright-mostitem in eachlist representshe top-mostitem on the datastack.FCodefunctionsthat do not affect
the stack are shown with the stack diagram:

()

Some FCode functions, when evaluated, read on@oebytesfrom the FCodeprogram The descriptionfield for
such functions takes the following form:

(F: n1 /FCode# name string/ -- n2)

In this example FCode#and namestring represenbytesthat arereadfrom the FCodeprogramwhenthe FCode
being described is first encounteredll Andn2 represent the stack effect at that time, if any.)

5.1.2 Specification

In order to be compliant with the Open Firmwedesyice interface

— The boot firmware associatedvith a main CPU device shall implementa standardFCode evaluatot the
/packages standardsystemnode,andthe completesetof standardsupportpackageslit shouldimplement
any additional standardpackageghat are relevantto the systemenvironment.lt may implementadditional
packageshatarenot definedin this specification.Packagesn the devicetreein the pathfrom the root of the
device tree to any package that campenedwith open-dev shall conform to the rules given in 3.6.1.
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— A plug-in deviceshall have a standardFCode program packagedaccordingto the rules for the particular
exparsion buswith which that deviceis used.That standard=Codeprogramshall identify the devicewith at
least a hame” property. It shall comply to any additional requirements imposed by the specification describing
the aplication of Open Firmware to the expansion buguestionlt shouldimplementany standardbackages
that are relevant to the particular device.

5.2 FCode evaluator

A standardFCode evaluatorshall behaveas describedn 5.2.1in processinghe byte codesassociatedvith an
FCode programand shall implement the setle€ode functionss described in 5.3.

5.2.1 FCode evaluation sequence

Onceinvoked, the FCode evaluator shall setthe internal statevariable fcode-endto false and shall repeatthe
following sequence of operations uritibde-ends true at the beginning of the sequence:

a) Read the nextCode# denoting arrCode numberfrom the currenECode program.
b) Evaluate thé-Code functiorassociated with that FCode number.

The details of the readingprocessin the first step are bus-dependenénd are specifiedin related documents
descriling the applicationof this standardto particular buses.An FCode# consistsof either 1 or 2 bytes, as
specified in 5.2.2.

The FCodeevaluatorhastwo states,“interpretationstate” and “compilation state”, determiningthe way that it
evaliatesa particularFCodefunction. The executionof certainFCodefunctionscausedransitionsbetweenthese
two states.

The details of step b) are as follows:

1) If the FCode function has explicit “FCode evaluation” semantics, perform the
FCode function's “FCode evaluation” semantics.
2) Otherwise,
i) Ifin interpretation state, perform the FCode function's execution semantics.
i) Otherwise (i.e., in compilation state), append the FCode function's execution
semantics to the current definition.

Subclause 5.3 defines the association between particular FCode numbers and their corresponding FCode functions.

NOTE—Thebehaviorfor someFCodefunctionsincludesreadingFCodebytes. Thus,someof the bytesin an FCodeprogram
are not read directly by the FCode evaluator but by those FCode functions instead.

5.2.2 Encodings of in-line data

Thefollowing dataformatsare usedto encodeFCodeprograms At thetop level, an FCodeprogramconsistsof a
sequence dfCode#. Certainndividual FCodefunctionsarefollowed by additionalbytesin the sequencef bytes
representinghe FCodeprogram.Thosefunctionsare recognizedduring the FCodeevaluationprocessand the
bytes that follow are read from the FCode program and used as argumentsto control the interpretationor
compilation of the associated function. The encoding of such following bytes are described below.

In the following descriptionsthe left-mostbyte in a printed sequenceorresponddo the byte that appeardirst
(either chronologically earlier or at a lower memory addngbs;heveris applicable)in the sequencef bytescon-
stituting the FCodeprogram,andsoon from left to right. For binary valuesthat arerepresentedy morethanone
byte, bytesof greatersignificanceprecedehoseof lessersignificancein the FCodeprogram(i.e., big-endianbyte
ordering).
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5.2.2.1 FCode#

Either
byte (0x00 or 0x10 .. OXFF) Encodes afrCode numbeless than 0x100.
or
byte (0Ox01.. Ox0f) byte (0x00 .. 0XFF) Encodes an FCode number greater than or equal to 0x100.

5.2.2.2 FCode-offset

Either

byte Encodes an 8-bit signed (two's complement) offset.
or

byte.high byte.low Encodes a 16-bit signed (two's complement) offset.

A conditional or looping control transfer is represented by a p&iCoide functionsAn FCode-offsespecifiesthe
numberof bytesin the FCodeprogrambetweentwo corresponding:omponentf a control flow construct.The
offset is calculated as the number of FCode bytes from the first byte of the offsebyte just afterthe “target” of
the controltransfer.A positiveoffsetcorrespondso a transferof controlin the “forward” (towardsthe endof the
FCodeprogram)direction, and a negativeoffset correspondgo the “backward” (towardsthe beginningof the
FCode program) direction.

The following control transfer pairs are meaningful,with “... " representingan arbitrary sequenceof FCode
bytes:

FCode control transfer pair Example source construct
b(<mark) .. bbranch FCode-offset begin ... again
b(<mark) ... Db?branch FCode-offset begin ... until

N N
T B
bbranch FCode-offset ...  b(>resolve) .. else .. then
b?branch FCode-offset ...  b(>resolve) if ... then
N N
B T
b(do) FCode-offsetl ... b(loop) FCode-offset2 do ... loop
b(do) FCode-offsetl ... b(+loop) FCode-offset2 do ... +loop
b(?do) FCode-offsetl ... b(loop) FCode-offset2 ?2do ... loop
b(?do) FCode-offsetl ... b(+loop) FCode-offset2 ?2do ... +loop
N N
B1 N A T1
T2 B2

The markersB and T showthe “branch” and “target” locationsusedfor the calculationof the value of FCode-
offset The valueis the signednumberof FCodebytesbetweenB and T (positiveif B is beforeT). B1/T1 arefor
FCode-offsetlandB2/T2 are forFCode-offset2

NOTE—On somedevices FCodeprogramsarestoredwith “gaps” betweersuccessivé-Codebytes.For example gachFCode
byte might be storedin the leastsignificantbyte of a separatejuadlet,in which caseit might be necessaryo addfour to the
address to advance to the next FCode byte. Thisrduedfectthe calculationof an FCode-offset-the offsetis in termsof the
number of FCode bytes, independent of how those bytes are addressed.
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The offsetsize (whetherof 8 bits or 16 bits) is establishedt the beginningof the FCodeprogramby the particular
start code that beginsthe FCodeprogram.versionl  setsthe offset size to 8 bits, and the other start codes
(start0 , startl , start2 , andstart4 ) setthe offsetsizeto 16 bits. The offset size may be changedfrom
8 bits to 16 bits by executingffset16

In mostcaseqthe exceptionsare bbranch andb?branch in interpretationstate),the FCodeevaluatorneeds
only the sign of the offset, not its numericalvalue.In thesecasesthe value of the offsetis essentiallyredundant
becausecontrol transfersare representedby pairs of FCodefunctions(a branchingfunction and its target).The
offset indicatesthe distancebetweenthe branchand its target, but that information can be derived during the
FCodeevaluationprocesswithout needingthe offset value. However, standardFCode programsare requiredto
have numerically correct offsets (as described in the above paragraph) for compatibility with existing practice.

5.2.2.3 FCode-num32
byte.high byte.highmid byte.lowmid byte.low Encodes a 32-bit integer
5.2.2.4 FCode-string

byte.count byte.stringl ... byte.stringn Encodes a text string. The first byte is the length of
the string (O to 255 bytes), not including the count
byte. Subsequent bytes are the bytes of the string.

5.2.2.5 FCode-header

The FCode-headedatatype appearonly at the beginningof an FCodeprogram following one of the functions
versionl , start0 , startl , start2 , or start4 . It containsinformation aboutthe FCodeprogramas a
whole. Thatinformationis providedfor the benefitof externalsoftwarethat may wish to characterizéhe FCode
program. A standard FCode evaluator is permitted to skip and igr@F€ode-heademformation,or to useit to
verify, in an implementation-dependent manner, that the FCode program is intact.

Byte | Name Description

1 format The value 0x08 in this field indicates that this FCode program is intende
operate with bodfirmwarethat complies with thdevice interfacgortion of
this standard. The values 0x09 through OxFF are reserved for future revi
of this standard. Values 0x00 through 0x07 indicate that this FCode prog
is intended to operate with boot firmware that does not comply with this
standard.

2 checksum-high High byte of the body checksum.

Checksum is the doublet size sum of the bytes of the program body (i.e.,
excluding the header), calculated using two's complement addition and
ignoring overflow.

3 checksum-low Low byte of the body checksum.

4 length-high Most significant byte of the program length.

Program length is the quadlet size number of bytes in the program, inclu
both the body and the header.

5 length-high-middle High middle byte of the program length.
6 length-low-middle Low middle byte of the program length.
7 length-low Least significant byte of the program length.

5.3 FCode functions

The following subclausespecifythe setof predefinedFCodefunctionsand their associatedCodenumbers The
evaluation of ai-Code programmay create additional FCode functions and associate them with FCode numbers.

The following subclausegive the names,FCodenumbers,stack diagramsand brief descriptionsof predefined
FCode functions. The complete semantics of these FCode functions are specified in annex A.
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5.3.1 FCode numbers (FCodes)

FCodenumbers(sometimescalled FCode$ are valuesbetween0x0000 and OxXOFFF,inclusive. FCodenumbers
between0x00 and OxFF, inclusive,arerepresentedn FCodeprogramsby single bytes;all other FCodenumbers
are representedy pairs of bytes,with the high-orderbyte first. The FCodenumbersbetween0x01 and 0xOF,
inclusive, are not used, thus eliminating the ambiguity betweenthe one-byteand two-byte forms that would
otherwiseresult. Anotherway to look at this is to think of the single-bytecodes0x01 throughOx0F as “escape”
codes that are followed by another byte.

A summary of assigned FCode numbers is given in annex G.
5.3.1.1 System-defined FCode numbers

System-defined=Code functions are predefinedby the firmware systemand thus are availableto any FCode
program They havé-Code number@ the range 0x0000 through Ox07FF, inclusive.

5.3.1.1.1 Historical FCode numbers

Historical FCode numbers correspond to FCode functionstkabt definedby this standardput thatareor have
beenusedby FCodeevaluatorsthat predatethis standardThesenumbersarereservedor the benefitof thosepre-
existingsystemsandare not availablefor reassignmeniy future revisionsof this standardThe historical FCode
numbers are interspersed within the range 0x000 through Ox2FF.

The historical FCode numbers are as follows:

OxAl convert

0xB3 set -token

0xB4 set -table

OxBF b(code)

OxFE 4-byte -id
0x101 dma-alloc

0x104 memmap

0x106 >physical

Ox10F my-params
0x118 driver

0x123 group-code
0x156 frame -buffer -busy?
0x170-17C fbl routines
0x190-0x196 Obsolete VMEbus support
0x1A0 return -buffer
O0x1A1 Xmit -packet
0x1A2 poll -packet
0x210 processor -type
0x211 firmware-version
0x212 fcode -version
0x229 adr -mask
0x238 probe

0x239 probe -virtual

TheseFCodenumbersarereservedor the benefitof pre-existingFCodesystemsand shall not be usedexceptfor
the purpose of compatibility with such pre-existing systems.
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5.3.1.1.2 Defined FCode numbers

Defined FCodenumberscorrespondo FCodefunctionsspecifiedby this standard.Defined FCodenumbersare
interspersed within the range 0x000 through Ox5FF.

5.3.1.1.3 Reserved FCode numbers

Reserved-Codenumbersarethosein the rangeOx10throughOx5FFthat are neitherdefinedin this standardhor
listed in 5.3.1.1.1These FCode numbers are reserved for assignment by future versions of this standard.

5.3.1.1.4 Vendor-unique FCode numbers

Vendor-uniqueFCode numbersare all thosein the range 0x600 through Ox7FF. These FCode numbersare
reservedor vendor-specifiausewith built-in devicesandwill not be assignedy this standardor future versions
thereof.

A standard FCode program shall not use vendor-unique FCode numbers.

NOTE—It is generally preferable to provide vendor-unique enhancemehisform of packagesvith methodsratherthanas
vendor-unique FCode functions.

5.3.1.2 Program-defined FCode numbers

Within a particularFCodeprogram,new FCodefunctionsmay be createdandassignedo FCodenumbersin the
range0x0800throughOx0FFF,inclusive. The assignmenpersistswhile that particularFCodeprogramis being
evaluated and becomes invalid thereatfter.

The program-defined=Codenumberspaceis private to a particular FCodeprogram;eachFCodeprogrammay
reusethesecodeswithout conflicting with other FCodeprograms.Functionsdefinedwithin an FCodeprogram
may be exported for external use via another mechanism that does not involve FCode numbers.

5.3.1.3 Undefined FCode numbers

All FCodenumbersfor which animplementatiorhasnot assigned specificfunction shall be associateavith the
ferror  function.

5.3.2 Forth FCode functions
5.3.2.1 Standard Forth FCode functions

Thefollowing FCodefunctionshavebehaviordgdenticalto ANS Forth words (asspecifiedby ANSI X3.215-1994)
of the same names. They perform basic functions in the Forth programming language:

dup (x--xx) 0x47 Duplicate the top item on the stack.

2dup (x1x2--x1x2x1x2) 0x53  Duplicate the top two items on the stack.

?2dup (x--0]xx) 0x50  Duplicate top stack item if it is nonzero.

over (x1x2--x1x2x1) 0x48 Copy second stack item to top of stack.

2over (x1 x2 x3 x4 -- x1 x2 x3 x4 x1 x2 Px54  Copy second pair of stack items to top of stack.
pick (xu ... xIxOu--xu ... x1 x0xuQx4E  Copyuth stack item to top of stack.

tuck (x1x2--x2x1x2) O0x4C Copy top stack item underneath the second stack item.
drop (x--) 0x46  Remove top item from the stack.

2drop (x1x2--) 0x52 Remove top two items from the stack.

nip (x1x2--x2) 0x4D  Remove the second stack item.

roll (Xu...x1x0u--xu-1... x1 x0 xu Ox4F  Rotateu+1 stack items as shown.
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(continued)

rot (x1 x2 x3--x2x3x1) 0x4A
-rot (x1 x2x3--x3x1x2) 0x4B
2rot ( x1 x2 x3 x4 x5 x6 -- x3 x4 x5 x6 x1 x20x56
swap (x1x2--x2x1) 0x49
2swap (X1 x2 x3 x4 --x3x4x1x2) 0x55
>r (x--) (R:--x) 0x30
r> (--x) (Rix--) 0x31
r@ (--x) (R:x--x) 0x32
depth (--u) 0x51
+ (nulnu2--sum) Ox1E
- (nul nu2 -- diff ) Ox1F
* (nulnu2--prod) 0x20
/ (n1n2--quot) 0x21
mod (n1n2--rem) 0x22
/mod (n1n2--remquot) Ox2A
u/mod (ul u2 - urem uquot) 0x2B
abs (n--u) 0x2D
negate (n1--n2) 0x2C
max (n1n2--nln2) Ox2F
min (n1n2--nljn2) Ox2E
bounds (ncnt--n+cntn)  OxAC
Ishift (xLu--x2) 0x27
rshift (xLu--x2) 0x28
2* (x1--x2) 0x59
2/ (x1--x2) 0x57
and (x1x2--x3) 0x23
or (x1x2--x3) 0x24
xor (x1x2--x3) 0x25
invert (x1--x2) 0x26
d+ (d1d2--d.sum) 0xD8
d- (d1d2 -- d.diff ) 0xD9
um* (ulu2--d.prod) 0OxD4
um/mod (ud u--uremuquot) 0xD5
char+ (addrl -- addr2)  0x62
cell+ (addrl -- addr2)  0x65
chars (nul--nu2) 0x66
cells (nul--nu2) 0x69
aligned (nl--nlja-addr) OxAE
@ (a-addr -- x) 0x6D
2@ (a-addr--x1x2) 0Ox76
c@ (‘addr -- byte ) 0x71
! (x a-addr --) 0x72
2! (x1x2a-addr--)  0x77
+! (nu a-addr --) 0x6C
c! ( byte addr --) 0x75
move ( src-addr dest-addr len --Ox78
fill (addr len byte --)  0x79
key? (-- pressed?) 0x8D
key (-- char) Ox8E
expect (addrlen --) O0x8A
span (--a-addr) 0x88
bl (--0x20) 0xA9
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Rotate top three stack items as shown.

Rotate top three stack items as shown.

Rotate three pairs of stack items as shown.
Exchange top two stack items.

Exchange top two pairs of stack items.

Move top stack item to the return stack.

Move top return stack item to the stack.

Copy top return stack item to the stack.

Return count of items on the stack.

Add nultonu2

Subtracu2 from nul

Multiply nulbynu2

Divide n1 by n2; return quotient.

Divide n1 by n2; return remainder.

Divide n1 by n2; return remainder and quotient.
Divide n1 by n2, all unsigned.

Return absolute value aof

Return negation afil

Return greater afil andn2.

Return lesser afil andn2.

Prepare arguments fdo or ?do loop.

Shift x1 left by u bit-places. Zero-fill low bits.
Shift x1 right byu bit-places. Zero-fill high bits.
Shift x1 left by one bit-place. Zero-fill low bit.
Shift x1 right by one bit-place. High bit unchanged.
Return bitwise logical “and” at1 andx2.

Return bitwise logical “inclusive-or” af1 andx2.
Return bitwise logical “exclusive-or” ofl andx2.
Invert all bits ofx1.

Add d1 to d2 giving double-numbed.sum
Subtracid2 from d1giving double-number differenakdiff.
Unsigned multiply with double number product.
Divide unsigned double numbed by u.
Incrementaddrl by the value ofc .
Incrementaddrl by the value ofn .

Multiply nulby the value ofc .

Multiply nulby the value ofn .

Increasenl as necessary to give valid address boundary.
Fetch itenx from cell ata-addr.

Fetch cell pair froma-addr.

Fetchbytefrom addr.

Store itemx to cell ata-addr.

Store cell pair aa-addr.

Add nuto cell ata-addr.

Storebyteto addr.

Copylen bytes fromsrc-addrto dest-addr

Setlen bytes beginning addr to the valuébyte
Returntrue if an input character available.
Read a character from the console input device.
Get edited input line, storing it addr.

variable  holding number of characters receivedeapect .
ASCII code for space (blank) character.
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(continued)

emit (char --) Ox8F
type (text-str text-len --)  0x90
cr (-) 0x92
count (pstr --str len) 0x84
base (--a-addr) 0xAOQ
(nu--) 0x9D
u (u--) 0x9B
(nsize --) Ox9E
u.r (usize --) 0x9C
.S (oo = ol) Ox9F
<# () 0x96
# (udl--ud2) 0xC7
#s (ud--00) 0xC8
#> (ud--strlen) 0xC9
hold (char -- ) 0x95
sign (n--) 0x98
< (n1n2--less?) O0x3A
<> (x1 x2 -- not-equal? ) 0x3D
= (x1x2--equal?) 0x3C
> (nl1n2-- greater?) 0x3B
within ('n min max -- min<=n<max? Px45
0< (n--less-than-0?) 0x36
0<> (n -- not-equal-to-0? ) 0x35
0= ( nulflag -- equal-to-0? ) 0x34
0> ('n -- greater-than-0? ) 0x38
u< (ul u2 -- unsigned-less? Qx40
u> (ul u2 -- unsigned-greater?Qx3E
i (--index) (R:sys -- sys Px19
j (--index) (R:sys -- sys Px1A
unloop () (R:sys--) 0x89
evaluate (..strlen--???) OxCD
execute (... xt--2???) 0x1D
exit () (Risys--) 0x33
abort (e =) (Ri..--) 0x216
catch (... xt--??? error-code | ??? falseDx217
throw ( ... error-code -- ??? error-code | .0%218
here (--addr) OxAD
c, (byte --) 0xDO
, (x--) 0xD3
compile, (xt--) 0xDD
state (--a-addr) 0xDC
>body ( xt -- a-addr) 0x86

5.3.2.2 Other simple Forth FCode functions

Ic (--n) Ox5A
Iw (--n) 0x5B
Nl (--n) 0x5C
/n (--n) 0x5D
ca+ (addrl index -- addr2 ) Ox5E
wa+ (addrl index -- addr2 ) Ox5F
la+ (addrl index -- addr2 ) Ox60
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Display the given ASCII character.
Displaytext-lencharacters beginning at addréesst-str.
Subsequent output goes to the next line.

Unpack a counted string to a text string.

variable  containing the number-conversion radix.
Display number (and trailing space).

Display an unsigned number with a trailing space.
Display a signed number, right-justified.

Display an unsigned number, right-justified.

Display entire stack contents, unchanged.

Initialize pictured numeric output conversion.
Convert a digit in pictured numeric output conversion.
Convert remaining digits in pictured numeric output.
End pictured numeric output conversion.

Add char in pictured numeric output conversion.

If n< 0, insert “-” in pictured numeric output.
Returntrue if nlis less tham2.

Returntrue if x1is not equal ta2.

Returntrue if x1lis equal tox2.

Returntrue if nlis greater than2

Returntrue if nis betweemin andmax-1, inclusive.
Returntrue if nis less than zero.

Returntrue if nis not equal to zero.

Returntrue if nulflag is equal to zero.

Returntrue if nis greater than zero.

Returntrue if ulis less tham?2, unsigned.
Returntrue if ulis greater than2, unsigned.
Return current loop index value.

Return next outer loop index value.

Discard loop control parameters.

Evaluate Forth text from the given string.

Execute the command whose execution tokea is
Exit from the currently executing command.

Abort program execution; clear stacks.

Execute command indicated kiy Returnthrow result.
Transfer back teatch routine if error-codeis nonzero.
Return current dictionary pointer.

Compile a byte into the dictionary.

Appendx to data space.

Compile the behavior of the word given Xty

variable  containingtrue if in compilation state.
Convert execution token to data field address.

The number of address units to a byte: one.

The number of address units to a doublet: typically, two.
The number of address units to a quadlet: typically, four.
The number of address units in a cell.

Incrementaddrl by indextimes the value oft .
Incrementaddrl by indextimes the value ofv .
Incrementaddrl by indextimes the value of .
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(continued)

na+ (addrl index -- addr2 ) Ox61 Incrementaddrl by indextimes the value oh .

wal+ (addrl --addr2) 0x63 Incremeniaddrlby the value ofw .

lal+ (addrl --addr2) 0x64 Incremeniaddrlby the value ofl .

Iw* (nul--nu2) 0x67 Multiply nulby the value ofw .

N* (nul--nu2) 0x68  Multiply nulby the value ofl .

w@ (waddr -- w) 0x6F  Fetch doubletv from waddr.

W@ (waddr --n) 0x70  Fetch doublet fromvaddr, sign-extended.

@ (gaddr -- quad ) Ox6E  Fetch quadlet fromqaddr.

w! (w waddr --) 0x74  Store doubletvto waddr.

I! (quad gaddr --) 0x73  Store quadlet tgaddr.

w, (w--) 0xD1 Compile a doubletvinto the dictionary, doublet-aligned).
I, (quad --) 0xD2  Compile a quadlet into the dictionary, doublet-aligned).
off (a-addr --) 0x6B  Storefalse to cell at a-addr.

on (a-addr --) Ox6A  Storetrue to cell at a-addr.

u# (ul--u2) 0x99  Convert a digit in pictured numeric output conversion.
u#s (u--0) 0x9A  Convert remaining digits in pictured numeric output.
u#> (u--strlen) 0x97 End pictured numeric output conversion.

comp (addrl addr2 len -- ?2diff?(x7A  Compare two arrays of lengign.

Ibsplit (quad -- b.lo b2 b3 b4.hi Dx7E  Split a quadlet into four bytes.

Iwsplit (quad -- wl.low2.hi) Ox7C  Split a quadlet into two doublets.

whbsplit (w--bllob2.hi) OxAF Split a doubletvinto two bytes.

bljoin (bl.lo b2 b3 b4.hi -- quad x7F  Join four bytes to form a quadlet.

bwjoin (b.lo b.hi--w) 0xBO  Join two bytes to form a doublet

wljoin (w.low.hi--quad) 0x7D  Join two doublets to form a quadlet.

whbflip (wl--w2) 0x80  Swap the bytes within a doublet.

whbflips (waddr len --) 0x236 Swap the bytes within each doublet in the given region.
Ibflip (gql1--92) 0x227 Reverse the bytes within a quadlet.

Ibflips (gaddr len --) 0x228 Reverse the bytes within each quadlet in the given region.
Iwflip (gql1--92) 0x226 Swap the doublets within a quadlet.

Iwflips (gaddr len --) 0x237 Swap the doublets within each quadlet in the given region.
u2/ (x1--x2) 0x58  Shiftx1 right by one bit-place. Zero-fill high bit.
between (n min max -- min<=n<=max?) Ox44  Returntrue if nis between min and max, inclusive.
>= (nln2 -- greater-or-equal?) 0x42 Returntrue if nlis greater than or equal n@.

<= (nl1n2 -- less-or-equal? ) 0x43  Returntrue if nlis less than or equal t2.

O<= ('n -- less-or-equal-to-0?) 0x37 Returntrue if nis less than or equal to zero.

0>= (n -- greater-or-equal-to-0? ) 0x39  Returntrue if nis greater than or equal to zero.
u<= (ul u2 -- unsigned-less-or-equal? Px3F  Returntrue if ulless or equal ta2, unsigned.

u>= (ul u2 -- unsigned-greater-or-equal®y41 Returntrue if ulgreater or equal 02, unsigned.
>>a (xLu--x2) 0x29  Arithmetic shift x1 right byu bit-places.

body> (a-addr -- xt) 0x85  Convert data field address to execution token.

noop (-) 0x7B Do nothing.

bell (--0x07) OxAB  ASCII code for “bell” character.

bs (-- 0x08) OXxAA  ASCII code for “backspace” character.

#line (--a-addr) 0x94  variable holding the output line number.

#out (--a-addr) 0x93  variable holding the output column number.

pack ('strlen addr -- pstr) 0x83  Pack a text string into a counted string.

Icc (charl -- char2) 0x82  Convert ASClicharlto lowercase.

upc (charl -- char2) 0x81  Convert ASClicharlto uppercase.

-1 (--1) 0xA4  Constant —1.

0 (--0) 0xA5  Constant 0.

1 (-1) 0xA6  Constant 1.

2 (-2) O0xA7  Constant 2.
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3 (-3) 0xA8
(cr (-) 0x91
$number (‘addr len -- true | n false QxA2

digit ( char base -- digit true | char falseDxA3
$find  ( name-str name-len -- xt true | name-str name-len false )

0xCB
alloc -mem (len -- a-addr) 0x8B
free-mem (a-addrlen --) 0x8C
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Constant 3.

Output the carriage-return character, 0x0D.
Convert a string to a number.

Convert a character to a digit in the given base.

Find the command name&me stringn the dictionary.

Allocatelen bytes of memory.

Free memory allocated afloc -mem

5.3.3 FCode implementation functions

TheseFCodefunctionscorrespondnly indirectly to Forth words (mostother FCodefunctionscorrespondlirectly
to identically namedrorthwords).In generalthe namesof theseFCodefunctionsdo not appeaiin FCodesource
Instead,certain FCode sourceconstructsare translatedby a tokenizerprograminto sequence®f theseFCode
functions. Such constructs are indicated in glossary entries by the “T” type code (see A.1.2.3).

5.3.3.1 Defining new FCode functions
Program-definedCode functionsire created by executing a sequence of FCode functions of the following form:
[ instance ] token-typefunction-type

If presentinstance  modifies the behavior of the following FCode function definition so that it allocates
instance-specificdlata storageinsteadof global data storage;instance  only appliesto FCodefunctions that
allocate data storage, specificaligbuffer:) , b(defer) |, b(value) , b(variable)

Token-typepne of the FCodefunctionsnew-token , named-token , or external -token , establisheghe

new function's FCode numberand possiblyits externally visible name. The token-typeportion of the FCode

program includesan FCode-string(exceptin the caseof new-token ) and an FCode# Any program-defined
FCodefunction may be executedrom within the FCodeprogramthat definesit, but only thosefunctionswith an

externally visible name can be called from outside the FCode program (e.gbcalith-method ).

Function-type,one of the FCodefunctionsb(:) , b(buffer:) , b(constant) , b(create) , b(defer)
b(field) , b(value) , orb(variable) , establishes the general behavior of the new function.

instance
new-token

named-token
external-token

()

(F: /FCode#/ --)
(F: /FCode-string FCode#/ -- DxB6
(F: /[FCode-string FCode# }

0xCO
0xB5

Mark next defining word as instance-specific.
Create a new unnamed FCode function.
Create a new possibly named FCode function.

OXCA  Create a new named FCode function.

b(;) (-) 0xC2 End an FCode colon definition.

b(:) (-) 0xB7  Defines type of new FCode function as “colon definition”.
(E:...--?2??)

b(buffer:) (size --) 0xBD  Defines type of new FCode functiontastfer:
(E: -- a-addr)

b(constant) (nl1--) O0xBA  Defines type of new FCode function@mstant

(E:--n1)

b(create) (-) 0xBB  Defines type of new FCode function@gate word.
(E: -- a-addr)

b(defer) (-) 0xBC  Defines type of new FCode functiondefer word.
(E:...--???)

(continued)
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b(field) ( offset size -- offset+size pxBE ~ Defines type of new FCode functionfasld
(E: addr -- addr+offset )
b(value) (x--) 0xB8  Defines type of new FCode function\edue .
(E: - x)

b(variable) () 0xB9  Defines type of new FCode function\eiable

(E: -- a-addr)
(is -user -word) (name-str name-len xt --x214 Create a new named user interface command.

(E:...--???)
get -token (fcode# -- xt immediate? pxDA  Convert FCode number to function execution token.
set -token ( xt immediate? fcode# -- pxDB  Assign FCode number to existing function.

5.3.3.2 Literals

Each of these functions reads a literal value fronFtbede programand pushes the value on ttegta stack

b(lit) (--n1) 0x10  Numeric literal FCode. Followed ByCode-num32
b() (--xt)Ox11Function literal FCode. Followed by FCode#.'
b(") (--strlen) 0x12  String literal FCode. Followed HyCode-string

5.3.3.3 Controlling value sand defer s

b(to) sets the value afalue anddefer functions, reading thECode#of the functionwhosevalueis to be set
from theFCode program

behavior ( defer-xt -- contents-xt )OXDE  Retrieve execution behavior oflafer word.
b(to) (params --) 0xC3  FCode for settingalue s and defer s. Followed byCode#

5.3.3.4 Control flow

In variouscombinationsthesefunctionsimplementcontrol structures suchas conditionalsand loops. Many of
thesefunctionsare similar in mostrespectdo ANS Forth words (as specifiedby ANSI X3.215-1994) but their
behavioraldescriptionsaccountfor the fact that they read FCode-offsetdrom the FCodeprogram during FCode
evaluation

offset16 (-) 0xCC  Makes subsequeRCode-offsetsise 16-bit (not 8-bit) form.
bbranch (-) 0x13  Unconditional branch FCode. Followed Bg€ode-offset
b?branch ( continue? --) 0x14  Conditional branch FCode. Followed BZode-offset
b(<mark) (-) 0xB1  Target of backward branches.

b(>resolve) (-) 0xB2  Target of forward branches.

b(loop) (-) 0x15  End FCodedo ...loop . Followed by FCode-offset
b(+loop) (delta --) 0x16  End FCodedo ... +loop . Followed by FCode-offset

b(do) (limit start --) 0x17 Begin FCodalo ...loop . Followed by FCode-offset
b(?do) (limit start --) 0x18  Begin FCode?do ...loop . Followed by FCode-offset
b(leave) (-) 0x1B  Exit from ado ...loop .

b(case) (sel --sel) 0xC4  Begin acase (multiple selection) statement.

b(endcase) (sel | <nothing>--) OxC5 End acase (multiple selection) statement.

b(of) ( sel of-val -- sel | <nothing>)0x1C  FCode forof incase statement. Followed by-Code-offset
b(endof) (-) 0xC6  FCode forendof incase statement. Followed by-Code-offset

534 Package access

Thesefunctions managethe interface betweenpackages allowing packagedso call each other’'s methodsand
inspect each othergroperties
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5.3.4.1 Openl/close packages
These functions findgpen andclosepackages

find -package ( name-str name-len -- false | phandle true )

0x204 Locate the support package namedbyne string
open-package ( arg-str arg-len phandle -- ihandle | 0)

0x205 Open the package indicated joiyandle
$open -package ( arg-str arg-len name-str name-len -- ihandle | 0)

0x20F Open the support package namedbgne string

close -package (ihandle --) 0x206 Close the specified package instance.
my-self (--ihandle) 0x203 Return théhandleof the current instance.
my-parent (--ihandle) 0x20A Return théhandleof the parent of the current instance.

ihandle>phandle (ihandle -- phandle ) 0x20B Return thephandlefor the indicatedhandle
next -property  ( previous-str previous-len phandle -- false | name-str name-len true )
0x23D Return thenameof the property followingreviousof phandle
peer ( phandle -- phandle.sibling) 0x23C Return the phandle of the next sibling node.
child ( phandle.parent -- phandle.child Px23B  Return the phandle of the first child node of parent.

5.3.4.2 Call methods from other packages
These functions find and executethoddrom otherpackages

find -method ( method-str method-len phandle -- false | xt true )

0x207 Find the method namedethod-stringn the packagphandle
call -package (... xtihandle -- ??? ) 0x208 Execute the methad within the instancéhandle
$call -method (... method-str method-len ihandle -- ??2?)

0x20E Execute the method nametkthod-stringn the instancéhandle
$call -parent (... method-str method-len -- ??2?)

0x209 Execute the method nametkthod-stringn the parent instance.

5.3.4.3 Get local arguments

These functions return information about the current instance:

my-address (--phys.o...) 0x102 Return low component(s) of device’s physical address.
my-space (-- phys.hi) 0x103 Return high component of device’s physical address.
my-unit (-- phys.lo ... phys.hi) 0x20D Return the unit address of the current instance.
my-args (--arg-strarg-len) 0x202 Return the instance-argument string for this instance.

left -parse -string  (strlen char -- R-str R-len L-str L-len)

0x240 Split the string at first occurrence of delimitdrar.
parse-2int (strlen -- val.lo val.hi) 0x11B Convert a “hi,lo” string into a pair of values.
5.3.4.4 Mapping tools

These functions are shorthand versions of common sequences:

map-low (phys.lo ... size -- virt) 0x130 Map the specified region; return a virtual address.
free -virtual (virt size --) 0x105 Destroy mapping andatidress " property.
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535 Property management
5.3.5.1 Property array encoding
These functions encode various data typesprmp-encoded-arraysuitable forproperty values

encode -int ('n -- prop-addr prop-len 0x111 Encode a number into a prop-encoded-array.
encode-string ( str len -- prop-addr prop-len)

0x114 Encode a string into a prop-encoded-array.
encode-bytes  ( data-addr data-len -- prop-addr prop-len )

0x115 Encode a byte array into a prop-encoded-array.
encode -phys ( phys.lo ... phys.hi -- prop-addr prop-len )

0x113 Encode a unit address into a prop-encoded-array.
encode+ ( prop-addrl prop-lenl prop-addr2 prop-len2 -- prop-addr3 prop-len3)

0x112 Concatenate two prop-encoded-arrays into a single array.
sbus -intr>cpu ( sbus-intr# -- cpu-intr# ) 0x131  Converts SBus interrupt level to CPU interrupt level.

5.3.5.2 Property array decoding
These functions decode various data types froop-encoded-arrag.

decode -int  ( prop-addrl prop-lenl -- prop-addr2 prop-len2 n)

0x21B Decode a number from a prop-encoded-array.
decode -phys ( prop-addrl prop-lenl -- prop-addr2 prop-len2 phys.lo ... phys.hi)

0x128 Decode a unit address from a prop-encoded-array.
decode -string  ( prop-addrl prop-lenl -- prop-addr2 prop-len2 str len)

0x21C Decode a string from a prop-encoded-array.

5.3.5.3 Property declaration

Thesefunctionscreate,delete,and modify propertiesin the active package property is the general-purpose
function for creating propertiedelete -property  deletesa property. The otherfunctionsin this subclauseare
space-savingvords for a commonproperty,with behavioridenticalto the useof property  with the indicated
name string.

property  ( prop-addr prop-len name-str name-len --)
0x110 Create a new property with the given name and value.
delete -property  (name-str name-len -- Dx21E Delete the named property in thetive package

device -name (strlen--) 0x201 Create thefiame” property; value is indicated string.
device -type (strlen--) O0x11A Create tlevice_type " property; value is indicated string.
reg (phys.lo ... phys.hi size --Qx116 Create thereg ” property with the given values.

model (strlen--) 0x119 Create therhodel " property; value is indicated string.

5.3.5.4 Property value access
The following functions retrievproperty values

get -package -property (. name-str name-len phandle -- true | prop-addr prop-len false )

0x21F Return value foname stringproperty in packagghandle
get -inherited -property  ( name-str name-len -- true | prop-addr prop-len false )

0x21D Return value for given property in the current instance or its parents.
get-my -property (. name-str name-len -- true | prop-addr prop-len false )

0x21A Return value for given property in this package.
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5.3.6 Display device management

Thesefunctions assistin the implementationof consoledisplay devices,devicesidentified by the “display ”
device-typeproperty.

5.3.6.1 Terminal emulator routines

The terminalemulatorimplementsan ANSI X3.64 terminal using the display devicedriver for low-level screen
manipulation operations.

The followingvalue s are used and set by the terminal emulator:

line# (--line#) 0x152 Return the current cursor line number.

column# (-- column#) 0x153 Return the current cursor column number.
inverse? ( -- white-on-black? ) 0x154 Indicates how to paint characters.

inverse -screen? (-- black?) 0x155 Indicates how to paint the background.

#lines (--rows) 0x150 Return number of lines of text in text window.
#columns (-- columns) 0x151 Return number of columns of text in text window.

The terminal emulator uses the followidgfer words to access display device driver routines:

draw -character (char --) 0x157 Draw a character at the current cursor position.
reset -screen (-) 0x158 Perform frame-buffer device initialization.
toggle -cursor (-) 0x159 Toggle the state of the text cursor.

erase -screen (-) 0x15A Clear the screen.

blink -screen (-) 0x15B Flash the screen.

invert -screen (-) 0x15C Exchange the foreground and background colors.
insert -characters (n--) 0x15D Insert n spaces to the right of the cursor.
delete -characters (n--) O0x15E Deleten characters to the right of the cursor.
insert-lines (n--) 0x15F Insertn blank lines at and below the cursor line.
delete-lines (n--) 0x160 Deleten lines at and below the cursor line.
draw -logo (line# addr width height -- Px161 Draw (at line#) the logo stored at locatiaddr.

5.3.6.2 Frame-buffer support routines

Thesefunctionscontrol the characterfont usedto display charactersset -font may be usedwith the system-
provided font described by thiefault -font  or with a font provided by thECode program

default -font (-- addr width height advance min-char #glyphs )

0x16A Return the font parameters for the default system font.
set -font  (addr width height advance min-char #glyphs --)

0x16B Set the current font as specified.
>font (char -- addr) 0x16E Return beginning address fdnar in the current font.

The followingvalue s are used internally by both the 1-bit and the 8-bit frame-buffer support routines.

frame -buffer -adr (--addr) 0x162 Return current frame-buffer virtual address.
screen -height (-- height) 0x163 Return totaheightof the display in pixels.
screen-width (-- width ) 0x164 Return totawidth of the display in pixels.

window -top (-- border-height) 0x165 Return window top border in pixels.

window -left (-- border-width)  0x166 Return window left border in pixels.

char -height (-- height) 0x16C Return theheightof a font character in pixels.
char -width (-- width ) 0x16D Return thewidth of a font character in pixels.
fontbytes (-- bytes) 0x16F Return interval between entries in the font table.
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5.3.6.3 Display device support
This subclause defines support routines usétiode frame-buffer packages

5.3.6.3.1 Frame-buffer package interface

is -install (xt--) 0x11C Createopen and other methods for this display device.
is -remove (xt--) 0x11D Createclose method for this display device.
is -selftest (xt--) Ox11E Createselftest method for this display device.

5.3.6.3.2 Generic one-bit frame-buffer support (optional)

See annex H.

5.3.6.3.3 Generic eight-bit frame-buffer support

The“fb8 ” genericframe-buffersupportpackageimplementsthe display deviceinterfacefor frame bufferswith
8 bits per pixel.

fb8-install (width height #oolumns#lines--)  0x18B Install all built-in generic 8-bit frame-buffer routines.
fb8 -draw -character (char --) 0x180 Implement thefb8 " draw -character  function.
fb8 -reset -screen (-) 0x181 Implement thefb8 " reset -screen function.

fb8 -toggle-cursor (-) 0x182 Implement thefb8 ” toggle -cursor function.

fb8 -erase -screen (-) 0x183 Implement thefb8 " erase -screen function.

fb8 -blink  -screen (-) 0x184 Implement thefb8 ” blink -screen function.

fb8 -invert-screen (-) 0x185 Implement thefb8 " invert -screen function.

fb8 -insert  -characters (n-) 0x186 Implement thefb8 " insert -characters function
fb8 -delete -characters (n--) 0x187 Implement thefb8 ” delete -characters function.
fb8 -insert  -lines (n--) 0x188 Implement the fb8 " insert-lines function.

fb8 -delete -lines (n-) 0x189 Implement thefb8 " delete-lines function.

fb8 -draw-logo (line# addr width height --)  O0x18A Implement the fb8 ” draw -logo function.

5.3.7 Other FCode functions

5.3.7.1 Peek/poke

The following functionsattempta reador write accessat a possiblyinvalid addressyreturninga flag indicating
whether or not an access error occurred:

cpeek (addr -- false | byte true ) 0x220 Attempt to fetch théyteataddr.
wpeek (waddr -- false | w true ) 0x221 Attempt to fetch the doublet atwaddr.
Ipeek (gaddr -- false | quad true ) 0x222 Attempt to fetch the quadlet gaddr.
cpoke ( byte addr -- okay? ) 0x223 Attempt to store thbyteto addr.
wpoke (w waddr -- okay? ) 0x224  Attempt to store the doubletto waddr.
Ipoke (quad gaddr -- okay? ) 0x225 Attempt to store the quadlet gaddr.

5.3.7.2 Device-register access

The following functions are used to accdssiceregistersproviding a predictableaccessnodelin the presencef
such effects as byte order differences across bus bridges, presence of write buffers, and so forth. &talkiattde
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Forth data-accessvords c@ c! , @ and!, thesewords are guaranteedo read or write with a single access
operation.

rb@ (‘addr -- byte ) 0x230 Fetch a byte from device registeraaidr.

w@ (waddr -- w) 0x232 Fetch a doublew from device register avaddr.
rl@ (gaddr -- quad ) 0x234 Fetch a quadlet from device registegatidr.
rb! ( byte addr --) 0x231 Store a byte to device registeraaldr.

rw! (w waddr --) 0x233 Store a doublet to device register avaddr.

rl! (quad gaddr --) 0x235 Store a quadlet to device registegatldr.
5.3.7.3 Time

These functions provide basic real-time measurementsand delays. The accuracyof time valuesis system-
dependent.

get -msecs (--n) 0x125 Return elapsed time in milliseconds.

ms (n--) 0x126 Delay for at least milliseconds.

alarm (xtn--) 0x213 Executext repeatedly at intervals afmilliseconds.

user -abort (o) (Ri.. =) 0x219 After alarm routine is finished, abort program execution.

5.3.7.4 System information

fcode -revision (--n) 0x87 Return revision level of FCode interface.
mac-address (-- mac-str mac-len) Ox1A4 Return a sequence of bytes containing network address.

5.3.7.5 FCode self-test

These functions are used primarily to implemssittest methods

display-status (n-) 0x121 Display the results of a device self-test.

memory-test -suite  (addrlen --fail?) 0x122 Perform tests of memory, startingaatdr for len bytes.

mask (--a-addr) 0x124 variable to control bits tested wittmemory-test -suite
diagnostic  -mode? (--diag?) 0x120 If true , boot from diag sources; perform longer self-tests.

5.3.7.6 Start and end

Thesefunctions begin, end, and partition FCode programs Spreadis the distancein addressunits between
consecutive bytes of the FCode program.

start0 (-) O0xFO  Begin program wittspread0 followed byFCode-header.
startl (-) OxF1  Begin program wittspreadl followed byFCode-header.
start2 (-) 0xF2  Begin program wittspread? followed byFCode-header.
start4 (-) O0xF3  Begin program wittspread4 followed byFCode-header.
versionl (-) OxFD  Begin program wittspreadl followed byFCode-header.
end0 (-) 0x00  Cease evaluating this FCode program.

endl (-) OxFF  Cease evaluating this FCode program.

ferror (-) OxFC  Standard FCode number for undefined FCode functions.
suspend -fcode (-) 0x215 Pause FCode evaluation if desired; can resume later.
new-device () O0x11F Start new package as childaitive package

finish  -device () 0x127 Finish this package; sattive packagéo parent.

byte -load (addr xt --) 0x23E Evaluate FCode beginning at locatiaadr.

set -args ( arg-str arg-len unit-str unit-len --Qx23F  Set address and arguments of new device node.
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5.4 Standard FCode program
54.1 Overall structure

A standard=Code program

— shall begin with thé&Code#for one of the followindg-Code functions
versionl ,start0 ,startl ,start2 |, start4

— shall end with thé&Code#for one of the following FCode functions:
endO, endl

— may contain a sequence of otl€ode#detween the beginning code and the ending code.
5.4.2 Usage rules

A standard=Code progranshall comply with all of the following rules.

— EachFCodef##that correspondso an FCodefunctionthat readsfrom the FCodeprogramshall be followed by
the appropriatén-line datawith thefollowing exception:f the FCodetis itself thein-line datafor someother
FCodefunction (for examplethe FCode#that follows b(") ), it shall not be followed by additionalin-line
data.’

— During FCodeevaluation,the compilationand control flow stackeffectsshall balancethroughoutthe FCode
program as a whole.

— Forall possibleexecutionpaths,the contentsof the stackshall be appropriate at eachexecutionof an FCode
function, for that FCodefunction. The programmay assumehat the methodsof this programare calledfrom
the outside with valid stack arguments, and that any external methods that are called perform according to their
specifications.

— Any external methods that are called from within the program shall be called with valid stack arguments.
— Ambiguous conditions or undefined parameter ranges of FCode functions or external methods shall be avoided.
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6. Client interface

The client interfaceallows client programs(programsthat have beenloadedand executedunderthe control of
OpenFirmware)to makeuseof servicesprovidedby OpenFirmware.The interfaceconsistsof a setof software
procedures and a mechanism for calling and passing arguments and results to and from those procedures.

6.1 General

The OperFirmwareclientinterfacespecifiesthe behaviorof a firmware systemsothat client programs(programs
that areloadedinto and executefrom RAM) begintheir executionwith a predictablemachinestateand may use
various Open Firmware facilities. The client interface consists of both the specification of the machine
environmentthat existswhen the client programbeginsexecutionand the set of servicesthat Open Firmware
provides for the program’s use.

6.1.1 Description

Clientinterfaceservicesarethoseserviceghat OpenFirmwareprovidesto client programs,including devicetree
access, memory allocation, mapping, console 1/0, mass storage and network I/O, and other services.

Theclient execution environmeid the machine state that exists when a client program begins execution.
6.1.2 Specification

In orderto be compliantwith the OpenFirmwareclient interface,the boot firmware associatedvith a main CPU
deviceshall

— Implement the set of client interface servicesdefined in this clause and provide the client execution
environmenspecified in this clause.

— Implementthese standardsystemnodes:/openprom , /options , /chosen , and “memory’ (the node
whoseihandleis given by the value dEhosen ’'s “memory” property).

6.1.3 Warning

The services provided herein may cease to be availabledfi¢gié programdoes any of the following:
— Uses system memory not obtained fromahent interfacememory-allocation functions.

— Performsvirtual-address-mappingperations,exceptby executingvirtual-address-mappinglient interface
routines which may be provided as system-dependent extensions to Open Firmware.

— Directly modifies the stateof any hardwaredevicethat is in useby the firmware (for examplethe console
device). The list of such devices is system-dependent.

— Directly modifies the stateof certain processoregisters.The list of such registersis processor-dependent.
Supplements to this document may specify such registers for particular processors.

6.2 Client program environment

The details of the client executionenvironmentare ISA-dependentand are specifiedin Open Firmware ISA-
specific supplements (see 2.1).
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6.3 Client interface services
6.3.1 Access to the client interface functions

The OpenFirmwareclient interface handleris a mechanismby which control and data are transferredfrom a
client programto the firmware, and subsequentlyeturned for the purposeof providing client interfaceservices
The datais transferredby meansof an array of argumentsand resultswhoseaddresss providedto the client
interfacehandler.The contentsof thatarrayis specifiedin this clause put the detailedmechanisnfor transferring
controlandfor providingthe addresof the arrayto the clientinterfacehandleris specifiedin the OpenFirmware
supplement for each ISA (see 2.1).

The argument array consists of the following sequence of cells:

Cell Name Contents

service Address of a null-terminated string specifying the client interface service.
N-args Number of input arguments to the client interface service.

N-returns Number of return values from the client interface service.

argl, ..., argN Input arguments to the client interface service.

retl, ..., retN Returned values from the client interface service.

The argumentservice is the addresf a null-terminatedstring that specifieswhich firmware serviceis to be

invoked. The argumentdN-args andN-returns  specify the numberof calling argumentsand return values;
they must agree with the number of arguments and return values expettiegarticularservice Eachargument
argl throughargN is eitherrepresentediterally in the argumentarray (if it canfit into a cell) or is a pointerto

the actuabrgument(if it requiresmorestoragethana singlecell); the returnvaluesarerepresentedimilarly. The

form of theseargumentsandreturnvaluesdependsiponthe particularserviceand may be constantsstrings,data
structures, or other arbitrary data.

In additionto theretl throughretN valuesthatarereturnedin the array,the clientinterfacehandlerreturnsa
singlevalueasspecifiedin the OpenFirmwaresupplementor the appropriatdSA (see2.1). Thatvalueindicates
whetherthe transferof controlto the OpenFirmwaresucceededr failed. If the requestederviceis unavailableor
if the control transfer failed, the client interface handler returns the value —1; otherwise, it returns the value zero.

Clientinterfaceservicenamesshall be drawnfrom the characteiset“0-9 A-Z a-z, _+ -” andshallbe at most31
charactersin length. Client interface service namesas defined in this specificationshall not include a “,”.
Manufacturersmay define proprietary client interface services;any services so defined shall contain the
manufacturer's name followed by a “,”, followed by the interface service name.

6.3.2 Client interface service definitions

In the following definitions,all argumentsandreturnvaluesare cells. The first item listed correspondsvith arg1,
the secondwith arg2,continuingthroughthe nth item. The keywordnone indicatesthatthereis no argumentor
return value for this service. The modif[string] indicates that this argument@turnvalueis the addresf
a null-terminated string. The modififEgddress]  indicates that this argument or return value is an address.

6.3.2.1 Client interface

test
IN: [string] name
OUT: missing
Missingis 0 if the servic@mameexists, and —1 if it does not exist.
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6.3.2.2 Device tree

peer

child

parent

IN: phandle
OUT: sibling-phandle

Sibling-phandlds either the identifier of the device node that is the next sibling of the device node
identified byphandleor zero if there are no more siblingsptandleis zero,sibling-phandles the
identifier of the root node.

IN: phandle
OUT: child-phandle

Child-phandleis either the identifier of the device node that is the first child of the device node identified
by phandleor zero if there are no children.

IN: phandle
OUT: parent-phandle

Parent-phandles either the node identifier of the device node that is the parent of the device node
identified byphandleor zero ifphandleis the identifier of the root node.

instance-to-package

IN: ihandle
OUT: phandle

Phandleis either the identifier corresponding to the instance identifardleor —1 if there is no
instance identifiethandle

If phandleis —1, Open Firmware was unable to transla@dle Open Firmware may, but is not required
to, check the validity of ainandle

getproplen
IN: phandle, [string] name
OUT: proplen

getprop

Proplenis either the length of the value associated with the propanein the device node identified by
phandle zero if the propertpameexists but has no corresponding value, or -1 if the propartyedoes
not exist.

IN: phandle, [string] name, [address] buf, buflen
OUT: size

Copies a maximum dfuflenbytes of the value of the propertgmein the device node identified by
phandleinto the memory pointed to tuf. Sizeis either the actual size of the property, or +iaine
does not exist.

nextprop

IN: phandle, [string] previous, [address] buf
OUT: flag

Copies the name of the property followipigeviousin the property list of the device node identified by
phandleinto buf, as a null-terminated strinBufis the address of a 32-byte region of memorgrévious

is zero or a pointer to a null string, copies the name of the device node’s first property. If there are no
more properties aftgreviousor if previousis invalid (i.e., names a property which does not exist in that
device node), copies a null string. The return vélageis —1 if previousis invalid, zero if there are no
more properties aftgrevious or 1 otherwise.

65



IEEE

Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:
setprop

IN: phandle, [string] name, [address] buf, len

OUT: size

canon

Sets the property value of the propergmein the device node identified phandleto the value

beginning at memory addrelsafand continuing foten bytes, attempting to create the property if it does
not exist.Sizeis the actual length of the new value, or —1 if the property value could not be set or could
not be created.

NOTE—There may be a length limitation on the propertyvaluesof the “/options " node,which are storedas
fields in nonvolatile RAM. In such cases, the property value could be truncated to fit the available space.

IN: [string] device-specifier, [address] buf, buflen
OUT: length

This service converts the possibly ambigudesice-specifieto a fully qualified pathname, storing, at
most,buflenbytes as a null-terminated string in the memory buffer starting at the addfe$she
length of the null-terminated pathname is greater thdlen the trailing characters and the null
terminator are not storetengthis the length of the fully qualified pathname excluding any null
terminator, or —1 if the pathname is invalid.

finddevice
IN: [string] device-specifier
OUT: phandle

Phandleis the identifier of the device node selectedibyice-specifieras withfind -device , or -1 if
device-specifiecannot be matched. In either case,ative packagés unaffected.

instance-to-path

IN: ihandle, [address] buf, buflen
OUT: length

This service returns the fully qualified pathname corresponding to the ideihi#fietle storing, at most,
buflenbytes as a null-terminated string in the memory buffer starting at the addfei$she length of

the null-terminated pathname is greater thaflen the trailing characters and the null terminator are not
stored.Lengthis the length of the fully qualified pathname excluding any null terminator, orikdnille

is invalid.

package-to-path
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IN: phandle, [address] buf, buflen
OUT: length

Returns the fully qualified pathname corresponding to the node ideptifidle storing, at mostuflen
bytes as a null-terminated string in the memory buffer starting at the abidfeldshe length of the null-
terminated pathname is greater tharfien the trailing characters and the null terminator are not stored.
Lengthis the length of the fully qualified pathname excluding any null terminator, orphhifdleis

invalid.
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call-method
IN: [string] method, ihandle, stack-argl, ..., stack-argP

6.3.2.3
open

close

read

write

seek

OUT: catch-result, stack-resultl, ..., stack-resultQ

Pushes two less thérargs items,stack-argl, ..., stack-arg®nto the Forth data stack, wiatack-argl
on top of the stack, and executes the package method mastleoidin the instancéhandleas with

$call -method , guarded bgatch . Pops the result returned bgtch into catch-result If that result
is nonzero, restore the depth of the Forth data stack to its depth prior to the exeadlbn-afethod .
If that result is zero, pops up to one less tNamturnsitems,stack-resultl ...,stack-resultQfrom the
Forth data stack into the returned values portion of the argument arragtaeikhresultlcorresponding
to the top of the stack.

N-argsandN-returnsare stored in the argument array and may be different for different calls to

call -method . If the number of itemX left on the Forth data stack as a result of the execution of
methodis less tham-returns only stack-resultl.. stack-resultXare modified; other elements of the
returned values portion of the argument array are unaffect&ds Ifnore tharN-returns additional items
are popped from the Forth data stack after sestiagk-resultl.. stack-result@so that, in all cases, the
execution otcall -method results in no net change to the depth of the Forth data stack.

An implementation shall allow at least sitack-argand sixstack-resulitems.

Device 1/0
IN: [string] device-specifier
OUT: ihandle

Opens the package nameddgvice-specifieas withopen-dev |, returning the instance identifier
ihandle lhandleis zero if the operation fails.

The same package can be opened more than once if the particular package permits it, in which case a
distinctihandlewill be returned each time.

IN: ihandle
OUT: none

Closes the instance identifed imandleas withclose -dev ; subsequent use of thaandleis invalid.

A client programshould close instances it has opened after the instances are no longer needed, in order to
release resources and to deactivate any associated devices.

IN: ihandle, [address] addr, len
OUT: actual

Executes theead method in the instandbandlewith argument&ddr andlen. Actualis either the
value returned by thaead method or —1 if that instance does not haveaa method.

IN: ihandle, [address] addr, len
OUT: actual

Executes thevrite  method in the instangkandlewith argumentaddr andlen. Actualis either the
value returned by thatrite method or —1 if that instance does not haweite method.

IN: ihandle, pos.hi, pos.lo
OUT: status

Executes theeek method in the instandbandlewith argumentgos.hiandpos.la Statusis either the
value returned by thaeek method or —1 if that instance does not haseek method.
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6.3.2.4 Memory

claim
IN: [address] virt, size, align
OUT: [address] baseaddr

Allocatessizebytes of memory. lalign is zero, the allocated range begins at the virtual additss
Otherwise, an aligned address is automatically chosen and the input argirtrisngnored. The
alignmentboundary is the smallest power of two greater than or equal to the valignpfinalign value
of 1 signifies 1-byte alignmenBaseis the beginning address of the allocated memory (eqwat tid

align was 0) or -1 if the operation fails (for example, if the requested virtual address is unavailable).

The range of physical memory and virtual addresses affected by this operation will be unavailable for
subsequent mapping or allocation operations until freeelbgse

release
IN: [address] virt, size
OUT: none

Freessizebytes of physical memory starting at virtual addreéds making that physical memory and the
corresponding range of virtual address space available for later use. That memory must have been
previously allocated bglaim

6.3.2.5 Control transfer

boot
IN: [string] bootspec
OUT: none
Exits theclient program resets the system (as with the commasét -all ), and reboots the system
with the device and arguments given by the null-terminated sidotspecThe stringoootspeds
interpreted in the same manner as the arguments of the conbo@nd
enter
IN: none
OUT: none
Enters the Open Firmware command interpreter (e.g., called by the operating system after a console input
device abort). The client program may be resumed if the user continues execution gatlcéimemand.
exit
IN: none
OUT: none
Exits from the client program. The execution of the client program may not be resumed.
chain
IN: [address] virt, size, [address] entry, [address] args, len
OUT: none

Freessizebytes of memory starting at virtual address, then executes another client program beginning
at addresentry. The argument buffargs, lenis copied into the Open Firmware memory and passed to
the other program. The address of the arguments in the Open Firmware memory is the client program’s
second argument, and their length is its third arguncbain is used to free any remaining memory for

a secondary boot program and begin executing the booted program.

NOTE—Thebehaviorof the chain client interfaceserviceincludesthe functionsof init-program andgo on
behalf of the new client program,but doesnot include the functions of readingthe client programinto memory,
parsing its header, or allocating its memory.
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6.3.2.6 User interface

interpret
IN: [string] cmd, stack-arg1l, ..., stack-argP
OUT: catch-result, stack-resultl, ..., stack-resultQ

Pushes one less thAhkargs items,stack-arg1 ..., stack-argR onto the Forth data stack, witack-arg1l
on top of the stack; executes the null-terminated stningas a Forth command line guardeddaych .
Pops the result returned bgitch into catch-result If that result is nonzero, restore the depth of the
Forth data stack to its depth prior to the executiontefpret . If that result is zero, pops up to one
less tharN-returnsitems,stack-result]..., stack-resultQfrom the Forth data stack into the returned
values portion of the argument array, wstack-resulticorresponding to the top of the stack.

N-argsandN-returnsare stored in the argument array and may be different for different calls to
interpret . If the number of itemX left on the Forth data stack as a result of the executiomdfs
less tharN-returns only stack-resultl, ..., stack-resuléfe modified; other elements of the returned
values portion of the argument array are unaffectedidfmore tharN-returns additional items are
popped from the Forth data stack after setsitagk-resultl, ..., stack-resul®p that, in all cases, the
execution ofnterpret results in no net change to the depth of the Forth data stack.

An implementation shall allow at least sitack-argand sixstack-resulitems.
interpret is optional; it need be present only if the Open Firmware user interface is present.

set-callback
IN: [address] newfunc
OUT: [address] oldfunc

Client programamay define a routine for handling the Open Firmware routinisack  andsync .
Newfunds the address of the entry point of the callback routine. This service sets the callback handler to
newfuncand returns asldfuncthe address of the entry point of the previously installed callback handler.

The Open Firmware shall use the same calling conventions specified in 6 diérfomterface services
when calling the callback handler function. $alback and$callback glossary entries for details.

A client program callback handler shall return either a nonzero error coderatllvell of the argument

array if the service indicated by the service argument is unavailable, or zero otherwise. The client program
callback handler shall return any additional results irreti2... retNcells, settind\-returnsto the total

number of return values including the error code (or zero) that is nettheell. The handler shall not

store more thaM results, wherd/ is the value that was in tiNereturnscell when the handler was

called, nor shall the returned valueMNfreturnsexceedM.
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set-symbol-lookup
IN: [address] sym-to-value, [address] value-to-sym

OUT: none
Sets the symbol table resolutidefer wordssym>value andvalue>sym so that they execute the
client program callbacks whose addresses are given by the arggyreris-valuendvalue-to-sym
respectively. If either argument is zero, the correspordiéfer word is set to the action &dlse
sym-to-valuas called as follows:
IN: [string] symname
OUT: error, symvalue
Searches for a symbol whose namgyisinamelf such a symbol is found, returns zereemor
and the symbol’s value symvaluelf no such symbol is found, returns —leimor and zero in
symvalue
value-to-symis called as follows:
IN: symvalue
OUT: offset, [string] symname
Locates the symbol whose value is closest to but not greatesythrvalueand returnsffset the
non-negative offset from the value of that symbaymvalugandsymnamethe symbol name. If
symvalues less than the value of any known symbol, or is insufficiently close to any symbol
value according to an implementation-dependent criterion, returnsoffsétand the empty
string insymname
set-symbol-lookup is optional; it need be present only if the Open Firmware user interface is
present and the Client Program Debugginommmand grouisee 7.6) is implemented.

6.3.2.7 Time
milliseconds
IN: none
OUT: ms

Returns a number that increases periodically, representing the passage of time in units of one millisecond.
The granularity of this clock (i.e., the amount by which the number increases when it changes) is system-

dependent.
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7. User interface

The userinterfaceallows a personto useOpenFirmwareservicesor suchpurposesasconfigurationmanagement
and debuggingof hardware software,and firmware The interfaceconsistsof facilities for keyboardinput, line
editing, and display output, and an evaluator (the Forth commandinterpretel) for the Forth programming
language.

7.1 General

The Open Firmwaraser interfacespecifies the behavior offamware system so that a human may intenaith it
for suchpurposesas configurationmanagementgontrol of the booting processandthe debuggingof hardware,
client programsdevice driversand the firmware itself.

7.1.1 Description

A standardcommandinterpreter acceptsand executescommandstypically enteredinteractively by a human,
accordingto definedcommandediting, syntax,and semanticrules. A standardcommandintepreteris typically a
component of the bodirmware associated with a CPU board.

A commandyroup is a setof commandswith definedbehaviorsthe groupasa whole providing somepatrticular
cgpability (for example,onegroupof commandss concernedwith client programdebugging) Eachcommandn
the group may be executedvia a standarccommandinterpreter.This standarddefinesseveralsuchgroups.Most
such groupsare optional. This clauselists the commandsthat comprisethe individual commandgroups. The
detailed specification of the commands themselves is given in annex A.

A standardorogramis a program,written in the languagedefinedby the specificationof the standardcommand
interpreterin conjunctionwith the specificationof one or more commandgroups,that obeysprescribedrules for

program structureand usage.Consequentlyjts behavioris predictablewhen executedby a standardcommand
interpreter. A standardprogramis typically either enteredinteractively by a human, downloadedfrom some
storage device, or stored within theript (see 7.4.4.2).

7.1.2 Specification

In order to be compliant with the Open Firmwaeer interfacethe boofirmwareassociated with a main CRig-
vice shallimplementa standardcommandnterpreterthat acceptauserinput asdefinedin this clauseand one or
more of the commandgroupsdefinedherein(seefigure 2). It shouldimplementthe Administrationandthe Forth
Language command groups. It may implement additional commands that are not defined in this specification.

A commandgroupimplementatiorshall include all of the words and capabilitieslisted for that commandgroup
(except those words that are explicitly denoted as optional), and shall have behaviors as given.

* 7.3 Forth Language * 7.4 Administration

command group

7.5 Firmware Debugging
command group

7.6 Client Program Debugging
command group

command group

7.7 FCode Debugging
command group

* Command groups that shouldbe implemented.

T The Forth Language command group shall be included in the FCode Debugging command group.

NOTE—Implementation of any one of the command groups shown is sufficient to claim compliance with the Open Firmware user
interface.
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Figure 2—Open Firmware user interface command groups
7.1.3 Warning

The OpenFirmwareuserinterfaceis not requiredto operatecorrectlyafter a client programhasbegunexecution,
becausein general,it is possiblefor a client programto modify systemstatein waysthat are inconsistentwith
continuedfirmware operation.

7.2 Standard command intepreter
7.2.1 Command interpretation

Command lines are interpreted as specified by ANSI X3.215-1994 and 2.3.3, with the following clarifications:

— Although OperFirmwareimplementationgreencouragedo leavethe numericconversiorradix setto sixteen
(hexadecimal)n normal operation,the implementationis not requiredto establisha particularradix before
evaluatinga Forth programor an FCodeprogram nor is it requiredto do so whenexecutingdevicemethods
Consequentlyif a programrequiresa particularradix, it mustexplicitly setthe radix (e.g.,with decimal or
hex).

— In accordancevith ANSI X3.215-1994 an OpenFirmwarecommandnterpretertreatsnumbershatendwith
a period(e.g.,123456.)asdoublenumbers.Unlike ANSI X3.215-1994 which doesnot specifywhat happens
with embeddegeriods,an OpenFirmware commandinterpreterignores®.” or “,” at other positionswithin
numbers (e.g., 120.0000). Such embedded periods or commas may terakdit easierfor humanso read
the numbers,but have no significanceto the commandinterpreter.By convention,such periodsor commas
usually appear four digits from the right.

— At a given time, the process of searchingRorth wordsdepends on whether or not there isaative package

If there is amactivepackagesearchingconsiderdirst the methodsof that packagefollowed by globally visible

Forth commands. If there is not an active package, searching considers only globally visible Forth commands.
7.2.2 Command-line editing

All keystypedby the userareechoedon the commandine, exceptwherenoted.Whenthe Returnkey (sometimes
called the Enter key) is pressed, the edited line is presented to the command interpretation process.

The following keys edit the command line while it is being entered:

Backspace Erases the character before the cursor.

Delete Erases the character before the cursor.

Control-U Erases the entire line.

Return (Enter) Finishes editing the line, making it available to the program.

7.2.3 Command-line editor extensions
The optional command-line editor extension provides additional command line editing capabilities.

Theseareuserkeystrokestypedby the userwhile composinga commandine. They allow a variety of convenient
mechanisms for the user, including line editing, command history, and command completion.

The notation“”” meansto hold down the Control key while typing the following character.“esc - “ meansto
depress and release the “escape” key, then depress and release the following character.
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7.2.3.1 Intraline editing

These command keystrokes alter the command line being typed. The editing cursor is considdretiverehgvo
adjacentcharactersFor displaysthat canonly indicatethe cursorpositionby highlighting a particularcharacter,
the character following the “true” cursor position should be highlighted.

Normaltypedcharacterareinsertedat the cursorposition. Typing the Returnkey sendsthe entire visible line to
be interpreted (regardless of the current cursor position).

Eachof the following keystrokesshall performthe function of erasingthe previouscharacter™h, Deletekey (if
present) Backspacekey (if present)If a systemhasboth a Deletekey and a Backspacekey, eachof thesekeys
shall perform the “delete character” function.

Keystroke Description

b Moves backward one character.

esc -b Moves backward one word.

ai Moves forward one character.

esc -f Moves forward one word.

“a Moves backward to beginning of line.

e Moves forward to end of line.

Delete Erases previous character.

Backspace Erases previous character.

"h Erases previous character.

esc -h tI?rzf;}fses from beginning of word to just before the cursor, storing erased characters ina s
uffer.

" tI?rzf;}fses from beginning of word to just before the cursor, storing erased characters ina s
uffer.

d Erases next character.

esc -d Erases from cursor to end of the word, storing erased characters in a save buffer.

"k Erases from cursor to end of line, storing erased characters in a save buffer.

u Erases entire line, storing erased characters in a save buffer.

r Retypes the line.

q Quotes next character (allows the insertion of control characters).

Ny Inserts the contents of the save buffer before the cursor.

7.2.3.2 Command-line history

Thesecommandkeystrokesrecall previously typed commandlines. Once recalled,they may be edited and/or
submitted for execution (by typing the Return key). At least eight previous command lines shall be saved.

Keystroke Description

p Selects and displays the previous line for subsequent editing.
n Selects and displays the next line for subsequent editing.

N Displays the entire command history list.

7.2.3.3 Command completion

The command-completioffiunction makesit easierfor the userto enterlong commandnames.After typing a
portion of the desired word, typing the “completion” keystroke causes the system to search the dictitefargcf
words,looking for word namesbeginningwith the charactergypedsofar. If thereis exactly one suchword, the
restof the characterarefilled in automatically If thereare severalpossibilities,the systentfills in any additional
characterghat are commonto all the candidateslf there are no defined word namesstarting with the given
characters, characters are erased until there are candidates for the remaining characters.
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Similarly, the “show” keystroke displays all words that begin with the letters supplied.

Keystroke Description
<space> Complete this word.
n? orn Show all possible matches.

7.3 Forth language command group

This clausedoesnot attemptto describehow to usethe Forth programminglanguage;it simply lists the Forth
commandghat arerequiredfor conformancewith this standard More information aboutForth may be found in
the bibliography in ANSI X3.215-1994.

Commandsn this subclauserovide the basicForth languagestructure.Many commanddisted are also FCode
functions Unlessstatedotherwise all commandshownmay be usedfrom the ok promptwithin colon definitions
and within downloaded Forth programs.

731 Stack

This subclause describes basic stack manipulation tools.

7.3.1.1 Stack duplication

These commands duplicate stack items and have no other effect.

dup (x--xx) Duplicate the top item on the stack.

2dup (x1 x2 --x1x2x1x2) Duplicate the top two items on the stack.

3dup (x1 x2 x3 -- x1 x2 x3 x1 x2 x3) Duplicate three stack items.

?2dup (x--0]|xx) Duplicate top stack item if it is nonzero.

over (x1x2--x1x2x1) Copy second stack item to top of stack.

2over (x1x2x3x4--x1x2x3x4x1x2) Copy second pair of stack items to top of stack.

pick (xu...x1x0Ou--xu...x1x0xu) Copyuth stack item to top of stack.

tuck (x1 x2--x2x1x2) Copy top stack item underneath the second stack item.

7.3.1.2 Stack removal

These commands remove stack items and have no other effect.

clear (eee ) Empty the stack.

drop (x--) Remove top item from the stack.

2drop (x1x2--) Remove top two items from the stack.
3drop (x1 x2x3--) Remove top three items from the stack.
nip (x1x2--x2) Remove the second stack item.

7.3.1.3 Stack rearrangement

These commands rearrange stack items and have no other effect.

roll (Xxu..x1xOu--xu-1..x1x0xu) Rotateu+l stack items as shown.

rot (x1 x2 x3--x2x3x1) Rotate top three stack items as shown.

-rot (x1 x2 x3--x3x1x2) Rotate top three stack items as shown.
2rot (x1 x2 x3 x4 x5 x6 -- x3 x4 x5 x6 x1 x2 ) Rotate three pairs of stack items as shown.
swap (x1x2--x2x1) Exchange top two stack items.

2swap (x1 x2 x3 x4 -- x3 x4 x1 x2) Exchange top two pairs of stack items.
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7.3.1.4 Return stack

Thereturn stackis a secondstackusedfor systempurposeslt may alsobe usedasa temporarystackby the Forth
programmer; however, there are strong restrictions on such usage as specified by ANSI X3.215-1994 (see 3.2.3.3).

>r (x--) (R:--x) Move top stack item to the return stack.
r> (--x) (Rix--) Move top return stack item to the stack.
r@ (--x) (R:x--x) Copy top return stack item to the stack.

7.3.1.5 Stack depth

Thedepth command is useful for error detection, by checking the total depth of the stackuaifitehdedstack
effects.

depth (--u) Return count of items on the stack.
7.3.2 Arithmetic

7.3.2.1 Single-precision integer arithmetic

+ (nul nu2--sum) Add nultonu2

- (nul nu2 -- diff ) Subtracinu2from nul

* (nul nu2 -- prod) Multiply nulbynu2

u* (ul u2 -- uprod) Multiply ul by u? yieldinguprod all unsigned.
/ (n1n2--quot) Divide n1 by n2; return quotient.

*/ (n1n2n3--quot) Calculatenl timesn2 divided byn3.

mod (n1n2--rem) Divide n1 by n2; return remainder.

/mod (n1n2 --rem quot) Divide n1 by n2; return remainder and quotient.
*/mod (n1n2n3--rem quot) Calculatenl timesn2 divided byn3.

u/mod (ul u2 -- urem uquot ) Divide n1 by n2, all unsigned.

1+ (nul--nu2) Add 1 tonul

1- (nul--nu2) Subtract 1 froomul

2+ (nul--nu2) Add 2 tonul

2- (nul--nu2) Subtract 2 froomul

abs (n--u) Return absolute value of

negate (n1--n2) Return negation afl

max (n1n2--nljn2) Return greater afil andn2.

min (n1n2--nljn2) Return lesser afil andn2.

bounds (necnt--n+cntn) Prepare arguments fdo or ?do loop.

even (n--njn+1) Round to nearest even integen._

7.3.2.2 Bitwise logical operators

Ishift (xLu--x2) Shift x1 left by u bit-places. Zero-fill low bits.

rshift (xLu--x2) Shift x1 right byu bit-places. Zero-fill high bits.
>>a (xLu--x2) Arithmetic shiftx1 right byu bit-places.

<< (xLu--x2) Synonym forshift

>> (xLu--x2) Synonym forrshift

2* (x1--x2) Shift x1 left by one bit-place. Zero-fill low bit.

u2/ (x1--x2) Shift x1 right by one bit-place. Zero-fill high bit.

2/ (x1--x2) Shift x1 right by one bit-place. High bit unchanged.
and (x1x2--x3) Return bitwise logical “and” at1 andx2.

(continued)
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or
xor
invert
not

7.3.2.3

(x1x2--x3)
(x1x2--x3)
(x1--x2)
(x1--x2)

Double number arithmetic

IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

Return bitwise logical “inclusive-or” af1 andx2.
Return bitwise logical “exclusive-or” ofl andx2.
Invert all bits ofx1.
Synonym forinvert

Double numbers occupy two stack items. The most significant half of the double is always the topmost stack item.

s>d
d+
d-
um*
m*

um/mod

fm/mod
sm/rem

7.3.2.4

Ibsplit
Iwsplit
whbsplit
bljoin
bwjoin
wljoin
whbflip
Ibflip
Iwflip

7.3.2.5

Ic

Iw

/l

/n
ca+
wa+
la+
na+
cal+
wal+
lal+
nal+
/c*
Iw*
/I*
In*
aligned
char+
cell+
chars
cells

76

(nl1--d1)
(d1d2--d.sum)
(d1d2 -- d.diff)

(ulu2--ud)
(n1n2--d)
(ud u -- urem uquot )
(dn--rem quot)
(dn--rem quot)

Data type conversion

(quad -- b.lo b2 b3 b4.hi)
(quad -- wl.lo w2.hi)
(w--bl.lo b2.hi)
(bl.lo b2 b3 b4.hi -- quad )
(b.lo b.hi--w)

(w.lo w.hi -- quad)
(wl--w2)
(ql--92)
(ql--92)

Address arithmetic

(-n)
(-n)
(-n)
(-n)

(addrl index -- addr2 )
(addrl index -- addr2 )
(addrl index -- addr2 )
(addrl index -- addr2 )
(addrl -- addr2 )
(addrl -- addr2)
(addrl -- addr2 )
(addrl -- addr2)

(nul--nu2)
(nul--nu2)
(nul--nu2)
(nul--nu2)

(nl--nlja-addr)

(addrl -- addr2 )

(addrl -- addr2 )
(nul--nu2)
(nul--nu2)

Convert a number to a double number.

Add d1 to d2 giving double numbed.sum

Subtracid2 from d1 giving double numbed.diff.

Unsigned multiply with unsigned double number product.
Signed multiply with double number product.

Divide ud by u.

Divide d by n.

Divide d by n, symmetric division.

Split a quadlet into four bytes.

Split a quadlet into two doublets.
Split a doublet into two bytes.

Join four bytes to form a quadlet.
Join two bytes to form a doublet.
Join two doublets to form a quadlet.
Swap the bytes within a doublet.
Reverse the bytes within a quadlet.
Swap the doublets within a quadlet.

The number of address units to a byte: one.

The number of address units to a doublet: typically, two.
The number of address units to a quadlet: typically, four.
The number of address units in a cell.
Incrementaddrl by indextimes the value oft .
Incrementaddrl by indextimes the value ofv .
Incrementaddrl by indextimes the value of .
Incrementaddrl by indextimes the value oh .
Synonym forchar+ .

Incrementaddrl by the value ofw .

Incrementaddrl by the value ofl .

Synonym forcell+

Synonym forchars .

Multiply nulby the value ofw .

Multiply nulby the value ofl .

Synonym for/n* .

Increasenl as necessary to givevar-aligned address.
Incrementaddrl by the value ofc .

Incrementaddrl by indextimes the value oh .
Multiply nulby the value ofc .

Multiply nulby the value ofn .
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7.3.3 Memory control

7.3.3.1 Memory access

IEEE
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Thefollowing commandganbe usedto accessnemory.Devicescanbe accessedsingthe commandsn 5.3.7.2.

See 7.7.

@

!

20

2!

c@

c!

w@

<w@

w!

@

I!

unaligned -w@
unaligned -w!
unaligned -1@
unaligned -I!
comp

dump

+!

off

on

move

fill

blank

erase
whbflips
Ibflips

Iwflips

(a-addr -- x)
(x a-addr --)
(a-addr -- x1 x2)
(x1 x2 a-addr --)
(‘addr -- byte )

( byte addr --)
(waddr -- w)
(waddr --n)
(w waddr --)
(gaddr -- quad )
(quad gaddr --)
(addr --w)
(w addr --)
(addr -- quad )
(quad addr --)
(addrl addr2 len -- ?2diff? )
(addrlen --)
(nu a-addr --)
(a-addr --)
(a-addr --)

( src-addr dest-addr len --)
(‘addr len byte --)
(addrlen --)
(addrlen --)
(waddr len --)
(gaddr len --)
(gaddr len --)

7.3.3.2 Memory allocation

The following commands allocate and free regions of memory. The address can be used directly; ingeekonot

be mapped before use.

alloc -mem
free-mem

(len -- a-addr)
(a-addrlen --)

734 Text input and output

Fetch itenx from addresg-addr.

Store itemx to address-addr.

Fetch two items froma-addr, itemx2 from lower address.
Store items1 andx2 to a-addr, x2 at lower address.
Fetch byte fromaddr.

Store byte taddr.

Fetch doubletv from waddr.

Fetch doubletv from waddr, sign-extended.

Store doubletv to waddr.

Fetch quadlet fromyaddr.

Store quadlet tqaddr.

Fetch doubletv from addr, any alignment is allowed.
Store doublet to addr, any alignment is allowed.

Fetch quadlet froraddr, any alignment is allowed.

Store quadlet taddr, any alignment is allowed.
Compare two arrays of lenglin.

Displaylen bytes of memory starting addr.

Add nu to the number stored at addresaddr.

Storefalse at addresa-addr.

Storetrue at addresa-addr.

Copylen bytes fromsrc-addrto dest-addr

Setlen bytes beginning a&ddr to the valuebyte

Setlen bytes beginning addr to the value 0x20.

Setlen bytes beginning addr to zero.

Swap the bytes within each doublet in the given region.
Reverse the bytes within each quadlet in the given region.
Swap the doublets within each quadlet in the given region.

Allocatelen bytes of memory.
Free memory allocated afloc -mem

This subclause describes commands used for text input, output, and manipulation.

7.3.4.1 Textinput

These commands parse text from the Forth input buffer. (See A.1.2.2 for the distinction between “text” and [text].)

(
\

(continued)

([text<)>] --)
( [rest-of-line<cr>] --)

Ignore the immediately following text, up to closing':
Ignore the immediately following text on this line.

77



IEEE

Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:
>in (--a-addr) variable  containing offset of next input buffer character.
parse ( delim “text<delim>" -- str len ) Parse text from the input buffer, delimited dslim
parse-word (“< >text< >” -- str len)) Parse text from the input buffer, delimited by space.
source (--addrlen) Return the location and size of the input buffer.

word ( delim “<delims>text<delim>" -- pstr) Parse text from the input buffer, delimiteddsglim

7.3.4.2 Console input

These commands read characters from the console input device at execution time.

key? (-- pressed?) Returntrue if an input character is available.

key (-- char) Read a character from the console input device.

expect (addrlen --) Get an edited input line, storing itaddr.

span (--a-addr) variable  containing number of characters received by
expect .

accept (addrlenl -- len2) Get an edited input line, storing itaddr.

7.3.4.3 ASCII constants

These commands return the numeric values of particular characters.

bell (--0x07) ASCII code for the Bell character.

bl (--0x20) ASCII code for the Space (blank) character.

bs (-- 0x08) ASCII code for the Backspace character.

carret (--0x0D) ASCII code for the Carriage-return character.

linefeed (-- Ox0A) ASCII code for the Linefeed character.

ascii ([text< >] -- char) Generate ASCII code for the immediately following character.
char (“text< >" -- char) Generate ASCII code for the next character from input buffer.
[char] (C: [text< >] --) (--char) Generate ASCII code for the next character from input buffer.
control ([text< >] -- char) Generate control code for the immediately following character.

7.3.4.4 Console output

These commands display text on the console output device.

. ([text<" >] --) Display the immediately following text.

( ([text<) >] --) Display the immediately following text up to delimitiny™
emit (char --) Display the given ASCII character.

type ( text-str text-len --) Display thetext-lencharacters beginning at addréesst-str.

7.3.4.5 Output formatting

These commands control the positioning of displayed text on the console output device.

cr (-) Subsequent output goes to the next line.
space (-) Display a single space.

spaces (cnt--) Displaycnt spaces.

#line (--a-addr) variable  holding the output line number.
#out (--a-addr) variable  holding the output column number.
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7.3.4.6 Display pause

This command is a tool that a routine can use to provide user-controlled pagination of its multiline output.
exit? (--done?) Returntrue when output should be terminated.

7.3.4.7 String literals

([text<' >< >] -- text-str text-len ) Gather the immediately following string or hex data.
s" ([text<' >] -- text-str text-len ) Gather the immediately following string.

7.3.4.8 String manipulation

count ( pstr -- strlen) Unpack a counted string to a text string.
pack (str len addr -- pstr) Pack a text string into a counted string.
Icc (charl -- char2) Convert ASClicharlto lowercase.

upc (charl -- char2) Convert ASClicharlto uppercase.
-trailing (strlenl -- strlen2) Remove trailing spaces from string.

7.3.5 Numeric input and output
7.3.5.1 Numeric-base control

These commands control the numeric radix for input and output conversion, i.e., hex, decimal, etc.

base (--a-addr) variable  containing the numeric conversion radix.
decimal (-) Set numeric conversion radix to ten.

hex (-) Set numeric conversion radix to sixteen.

octal (-) Set numeric conversion radix to eight.

7.3.5.2 Numeric input

$number (‘addr len -- true | n false ) Convert a string to a number.

>number (d1strllenl -- d2 str2 len2) Convertstring to a number; add tdl.

digit (char base -- digit true | char false ) Convert a character to a digit in the givese

d# ([number< >] --n) Interpret the following number as a decimal number (base ten).

h# ([number< >] --n) Interpret the following number as a hexadecimal number (base
sixteen).

o# ([number< >] --n) Interpret the following number as an octal number (base eight).

7.3.5.3 Numeric output

. (nu--) Display number, with a trailing space.

S. (n-) Display a signed number, with a trailing space.

u. (u--) Display an unsigned number, with a trailing space.
T (nsize --) Display a signed number, right-justified.

u.r (usize --) Display an unsigned number, right-justified.

d (n-) Display a signed number (and space) in decimal.
.h (n-) Display a signed number (and space) in hex.

.S (eeemmol) Display entire stack contents, unchanged.

? (a-addr --) Display the number at addressaddr.
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7.3.5.4 Numeric output primitives

These commands give precise control of number output format.

()
(u)
<
#
#s
#>
hold
sign
u#
u#s
u#>

7.3.6

between
within
0<
O<=
0<>
0=

0>
0>=
u<
u<=
u>
u>=

7.3.7

false
true

7.3.8

(n--strlen)
(u--strlen)

(-)
(udl--ud2)
(udi--00)
(ud--strlen)
(char --)
(n-)
(ul--u2)
(u--0)

(u--strlen)

Comparison operators

(n1n2--less?)
(nl1n2 -- less-or-equal? )
(x1 x2 -- not-equal?)
(x1 x2 -- equal?)
(n1n2 -- greater?)
(n1 n2 -- greater-or-equal? )
('n min max -- min<=n<=max? )
('n min max -- min<=n<max? )
(n -- less-than-07?)
(n -- less-or-equal-to-0?)
('n -- not-equal-to-0? )
( nulflag -- equal-to-0?)
('n -- greater-than-0?)
('n -- greater-or-equal-to-0? )
(ul u2 -- unsigned-less?)
(ul u2 -- unsigned-less-or-equal? )
(ul u2 -- unsigned-greater? )
(ul u2 -- unsigned-greater-or-equal? )

Flag constants

(--false)
(--true)

Control-flow commands

Convert a number into a text string.

Convert an unsigned number into a text string.
Initialize pictured numeric output conversion.

Convert a digit in pictured numeric output conversion.
Convert remaining digits in pictured numeric output.
End pictured numeric output conversion.

Add char in pictured numeric output conversion.

If n< 0, insert * " in pictured numeric output.

Convert a digit in pictured numeric output conversion.
Convert remaining digits in pictured numeric output.
End pictured numeric output conversion.

Returntrue if nlis less tham2.

Returntrue if nlis less than or equal 2.
Returntrue if x1is not equal ta2.

Returntrue if x1lis equal tox2.

Returntrue if nlis greater than2

Returntrue if nlis greater than or equal h@.
Returntrue if nis betweemin andmax inclusive.
Returntrue if nis betweemmin andmax-1, inclusive.
Returntrue if nis less than zero.

Returntrue if nis less than or equal to zero.
Returntrue if nis not equal to zero.

Returntrue if nulflagis equal to zero.
Returntrue if nis greater than zero.

Returntrue if nis greater than or equal to zero.
Returntrue if ulis less tham?2, unsigned.
Returntrue if ulless or equal ta2, unsigned.
Returntrue if ulis greater than2, unsigned.
Returntrue if ulgreater or equal 02, unsigned.

Return the valuéalse (zero).
Return the valugrue (negative one).

This subclausalescribecommandswvhich alter the programflow. This includesbranches|oops,error handling,
and other execution-control commands.

These commands can be used either within definitions or interactively.
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7.3.8.1 Conditional branches

These commands provide a basic “if-then-else” branching capability.

if ( do-next? --) When flag istrue , execute following code.
(C: -- orig-sys )
else (-) Whenif flag isfalse , execute following code.
(C: orig-sys1 -- orig-sys2 )
then (-) Terminate anf construct.
(C: orig-sys --)

7.3.8.2 Case statement

These commands provide an “n-way” branching capability.

case (sel --sel) Begin acase (multiple selection) statement.
(C: -- case-sys)
of ( sel of-val -- sel | <nothing>) Beginof clause; execute througindof if params match.
(C: case-sysl -- case-sys?2 of-sys )
endof (-) Mark end of clause; jump to endadse if match.
(C: case-sysl of-sys -- case-sys?2 )
endcase ( sel | <nothing> --) Mark end of a&case statement.

(C: case-sys --)
7.3.8.3 Conditional loops

These commands loop until a specified condition is met.

begin (-) Begin a conditional loop.
(C: -- dest-sys )
until (done? --) End abegin ... until loop; exits loop if flag is true.
(C: dest-sys --)
again (-) End an (infinite)oegin ... again loop.
(C: dest-sys --)
while ( continue? --) Conditional test withirbegin ... while ... repeat loop.
(C: dest-sys -- orig-sys dest-sys )
repeat (-) End abegin ... while ... repeat loop;jump tobegin .

(C: orig-sys dest-sys --)
7.3.8.4 Counted loops

Thesecommanddoop for a specifiednumberof iterations,maintainingan induction variablethat may be read
from within the loop.

do (limit start --) (R: -- sys) Start a counted loop; beginning index valustat
(C: -- dodest )
?2do (limit start --) (R: -- sys) Similar todo, but do not execute looplifmit = start.
(C: -- dodest )
loop (--) (R:sysl--<nothing>|sys2) Add one to index; return to the previads or exit the
(C: dodest --) loop.
+loop (delta--) (R: sysl -- <nothing> | sys2 ) Add deltato index; return to the previoa® or exit the loop.
(C:sys--)

(continued)
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i (--index) (R:sys--sys) Return current loop index value.

i (--index) (R:sys--sys) Return next outer loop index value.

leave () (R:sys--) Exit thisdo or ?do loop immediately.

?leave (exit? --) (R:sys--) If flag is true, exit thiglo or ?do loop immediately.

unloop () (Risys--) Discard loop control parameters.

7.3.8.5 Other control flow commands

eval (...strlen--??2?) Synonym forevaluate

evaluate (...strlen--??2?) Interpret Forth text from the given string.
execute (... xt--??7?) Execute the command whose execution token is
exit () (Risys--) Exit from the currently executing command.

7.3.8.6  Error handling

These commands can transfer control across multiple levels of procedure nesting.

quit () (Ri...--) Abort program execution.
abort (e =) (Ri.o =) Abort program execution; clear stacks.
abort" (... abort? -- ... | <nothing>) (R: ... -- ... | <nothing®flpg istrue , display text and calbort .
(C: [text<">] --)
catch (... xt--??? error-code | ??? false ) Execute command indicated ki returnthrow result.
throw (... error-code -- ??? error-code | ... ) Transfer back tecatch routine iferror-codeis nonzero.

7.3.9 Forth dictionary

This sectiondescribecommandausedto createand find Forth definitions and data. They are groupedinto two
broad categoriestefining wordsanddictionary commands

7.3.9.1 Defining words

Defining words are commands that create other Forth commands.

If a Forth command is created with the same name as an existing command, the new comrbaceaiédhor-
mally. A warningmessagéxyz isn't unique ” may optionally be displayed.Previoususesof that command

namewill be unaffected.Subsequentisesof that commandnamewill usethe latestdefinition of that command
name.

constant ( x “new-name< >" --) Create a named constanéw-nameeturns value.
(E: - x)
2constant (x1 X2 “new-name< >" --) Create a named two-number constant.
(E:-x1x2)
value ( x “new-name< >" --) Create a named variable; change with
(E: - x)
variable (“new-name< >" --) Create a named variableew-nameeturns address-addr.
(E: -- a-addr)
buffer: (len “new-name< >" --) Creates a named data buffeew-nameaeturns address.
(E: -- a-addr)

(continued)
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( “new-name< >" -- colon-sys) Begin creation of a colon definition.

(E:...--???)

; (colon-sys --) End creation of a colon definition.

alias ( “new-name< >old-name< >" --) Create a new command equivalent to an existing command.
(E:...--???)

defer (“new-name< >" --) Create a command with alterable behavior; alter with
(E:...--???)

struct (--0) Start astruct ... field definition.

field ( offset size “new-name< >" -- offset+size Create new field offset specifier, nanmeglv-name

(E: addr -- addr+offset )

create (“new-name< >" --) Create a new command; behavior set by further commands.

(E:...--?2??)
does> (C: colon-sys1 -- colon-sys?2 ) Specify run-time behavior of@eated word.

() (Risysl--)
(... ...a-addr) (R:--sys2)

(E:...--?2??)
$create ( name-str name-len --) Call create ; new name specified bypame string
forget (“old-name< >" --) Remove commandid-nameand all subsequent definitions.

7.3.9.2 Dictionary commands
Dictionary commands control various aspects of the Forth dictionary.
7.3.9.2.1 Data space allocation

These commands allocate and initialize memory at the top of the data space.

here (--addr) Return current dictionary pointer.

allot (len--) Allocatelen bytes in the dictionary.

align (-) Allocate dictionary bytes to leave top of dictionagr-aligned.
c, (byte --) Compile a byte into the dictionary.

w, (w--) Compile a doubletvinto the dictionary (doublet-aligned).

I, (quad --) Compile a quadlet into the dictionary (doublet-aligned).

, (x--) Appendx to data space.

7.3.9.2.2 Immediate words

Most Forth commandswhen encounteredvithin a colon definition, are compiledfor later use.Whenthe colon
definition is later executedthe Forthcommandsompiledwithin arethenexecutedimmediatewords,in contrast,
are executed immediately, even when encountered within a colon definition.

immediate (-) Declare the previous definition as “immediate”.
state (--a-addr) variable  containingtrue if in compile state.

(continued)
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[ (-) Enter interpret state.
] (-) Enter compile state.
compile (-) Compile following command at run time.
[compile] ([old-name< >] --) Compile the immediately following command.
literal (--x1) Compile a number, later leave it on the stack.
(C:x1-)
postpone (. - 227?) Delay execution of the immediately following command.
(C: [old-name< >] --)
compile, (xt--) Compile the behavior of the word given Xty

7.3.9.2.3 Dictionary search

These commands aadl variationsof the sameidea:find a commandn the dictionary(givenits name)andreturn
the executiontoken of the word and/or other information. The portions of the dictionary that are visible at a
particular time are controlled by the search order (see 3.2.2.4 and 7.5.3.1 for additional commands).

[1 ([old-name< >] -- xt )Return execution token xt of a command.'

' (old-name< > -- xt )Return execution token xt of a command, parsed later.'

find ( pstr -- xt n | pstr false ) Find command, return -1 (found), +1 (immediate), or O (not
found).

7.3.9.2.4 Miscellaneous dictionary

This subclause contains other dictionary-related commands.

to ( param [old-name< >] --) Changevalue or defer or machine register contents.
behavior ( defer-xt -- contents-xt ) Retrieve execution behavior oflafer word.

>body ( xt -- a-addr) Convert execution token to data field address.

body> (a-addr -- xt) Convert data field address to execution token.

noop (-) Do nothing.

recursive (-) Make current definition visible, for recursive call.
recurse (.. -227?) Compile recursive call to the command being compiled.
forth (-) Make Forth the context vocabulary.

environment? (str len -- false | value true ) Return system information based on input keyword.

7.3.9.3 Assembler

The assembler permits machine-level code definitions to be created and executed by the ustgracthecom-
mand interpretetevel. A machine-code definition, once created, can be executed anusdisequerdefinitions,
just like any other command. The assembler mnemonics depeahd mmocessomstructionset. The commandgo
invoke and exit the assembler are the same for all processors.

The assemblemnemonicsare processorand implementation-dependeand are not specifiedin this document.
Creationof a machine-codalefinition also dependson specific knowledgeof the details of the particular Forth
implementation. Register usage, etc., by the Forth implementation is not specified in this document.

code (“new-name< >" -- code-sys ) Begin creation of machine-code command cafled-name
(E:...--???)
label (“new-name< >" -- code-sys ) Begin machine-code sequence; leaddr on stack.
(E: -- addr)
c; (code-sys --) End creation of machine-code command; will return to caller.
end-code (code-sys --) End creation of machine-code sequence.
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7.4 Administration command group

Commands in thisubclauseelateto bootingandsystemconfiguration.Thesecommandgenerallywork from the
ok prompt,but arenot designedor usewithin Forth programsAn OpenFirmwareimplementatiorthatincludes
the Administratiorcommand groughall implement théaliases  and/options  standard system nodes.

7.4.1 Help

The help function displaysmessageslescribingnamesand usagesfor various Open Firmware commandsand
configuration variablesThis command may be invoked in three basic ways: general, by name, and by category.

Examples:

ok help<cr>
Enter "help command-name" or "help category-name" for more help
(Use ONLY the first word of a category description)
Examples: help select -or- help line
Main categories are:
File download and boot
Resume execution
Diag (diagnostic routines)

etc.

ok help +bp<cr>
+bp (addr--) add a breakpoint at the given address

The specific setof commandgescribedby help is system-dependenthat setshouldinclude at leastthe most
commonly used commands, and may include other commands as space permits.

help (“{name}<cr>" --) Provide information for category or specific command.
7.4.2 System start-up

Following is a quick summaryof the Open Firmware start-up sequenceafter power-onor reset. All of the
commands mentioned here are described in more detail later in this clause and in annex A.

The normal Open Firmware start-up sequence is as follows:

a) Power-on self-test (POST)

b) System initialization

c) Evaluate thescript (if use -nvramrc? s true)

d) probe -all (evaluate FCode)

e) install  -console

f) banner

g) Secondary diagnostics

h) Default boot (ifauto -boot? is true)

i) Invoke thecommand interpreteif the preceding step returns)

It is sometimeddesirableto modify the sequencéprobe -all install -console  banner ". For example,
commandghat modify the characteristic®f plug-in devicesmight needto be executedafter the plug-in devices
havebeenprobedbut beforethe consoledevicehasbeenselected Suchcommandseedto be executedbetween
probe -all andinstall -console . Commandshat display outputon the consoleneedto be placedafter
install  -console or banner . This is accomplishedby creatinga custom script. To accommodatesuch
customizedscript sequencesthe sequence probe-all install  -console banner ” is not executedif
either banner or suppress -banner is executedfrom the script. This allows the use of probe -all
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install  -console andbanner insidethe script, possiblyinterspersedvith othercommandswithout having
those commands re-executed after the script finishes.

7.4.3 Booting

Booting is the processof loading and executinga client program, usually the operatingsystem.Booting usually
happensautomatically requiringno userintervention.Fromthe commandnterpreter, the usercanalsoexplicitly
initiate booting.

7.4.3.1 Overview

The bootingprocesgproceedsasfollows. A deviceis selectedor booting.A programis readfrom thatdeviceinto
memory,using a protocolthat dependson the type of device,andis executedFurtherbehaviorof that program
may be controlledby an argumentstring thatis madeavailableto the programby the OpenFirmware.Often, this
programis a secondarypoot programwhosepurposds to load yet anothemprogram.The secondarnpoot program
may be capableof using additional protocolsotherthan the protocol that OpenFirmware usedto load the first
program.For example,OpenFirmwaremay usethe Trivial File TransferProtocol(TFTP) to load the “/boot ”
program,which then might usethe Network File System(NFS) protocolto load the operatingsystemfrom a file
named fvmunix ”

Typical secondary boot programs accept arguments of the following form:
filename -flags..

wherefilenameis the nameof a file containingthe operatingsystemand-flagsis a list of optionscontrollingthe
detailsof the start-upphaseof eitherthe secondaryoot program,the operatingsystemor both. However,it is
importantto recognizethat from OpenFirmware’spoint of view the boot argumentsare an opaquestring that is
passed uninterpreted to the boot program.

7.4.3.2 Device and argument selection

The automatic booting process is controlleccbgfiguration variabless follows:
— If auto -boot? isfalse (its defaultvalueis true ), automaticbooting doesnot occurandthe interactive
command interpreteis invoked.

— Otherwise,the commandspecifiedby the boot -command configurationvariableis executed.The default
value of boot -command is the commandboot with no command-linearguments.In that case, if
diagnostic -mode? returnsfalse , the defaultboot deviceis given by boot -device andthe default
bootargumentsaregivenby boot -file ;if diagnostic -mode? returnstrue , the defaultbootdeviceis
given bydiag -device and the default boot arguments are giveuing -file

The usercan explicitly executethe boot commandfrom the commandinterpreter,in which casethe usercan
either supply explicit command-line arguments or omit them so that the default arguments will be used.

7.4.3.3 Boot protocol

The protocolusedto load thefirst client programdependsn the type of device.For example the first-stagedisk
boot might reada fixed numberof blocksfrom the beginningof the disk. The first-stagetapeboot might reada
particular tape file.

7.4.3.4 Argument passing

Thedevice pattof the bootdeviceis givenby the valueof the“bootpath " propertyin the/chosen node.This
letsclient programsdetermine the device from which they were booted.
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The boot arguments are given by tihedtargs ” property in thédchosen node.
7.4.3.5 User commands for booting

The syntaxfor theboot commands ambiguousecause devicealiascannotbe syntacticallydistinguishedrom
the arguments. The ambiguity is resolved as follows:

— If the word following boot on the commandline beginswith a “/”, the word is a devicepath and, thus, a
device specifier.

— Otherwise, if there is a device alias matching that word, the word is a device specifier.

— If that word isneithera devicepathnor a known alias,the defaultbootdeviceis usedandtheword s included
in arguments

Assumingthatdisk0 hasbeenpredefinedasa devicealiasfor somedevicepath,the following are examplesof
valid boot commands:

ok boot<cr> \ default bod (values spedfied in configuration variables)
ok boot diskO<cr> \ bod from diskO ; passbod program default arguments
ok boot diskO vmunix -asw<cr> \ bod from diskO ; passbod program “vmunix -asw”

ok boot vmunix -asw<cr> \ bod from default dev; passbod program “vmunix -asw”

If theboot commands executedaftera client programhasalreadybeenrun, theboot commandmayresetthe
machineaswith reset -all , thusreinitializing the hardwarestateand OpenFirmware’sdatastructuresbefore
proceedingwith the booting process.This is necessarnpecausethe client program may have modified the
machine’sstatein waysthatthe OpenFirmwarecannot‘undo” without a “hard reset”andthe machine’scurrent
state could prevent a boot from succeeding.

boot ( “{param-text}<cr>" --) Load and execute a program specifiegphyam-text

diagnostic  -mode? (--diag?) If true , boot from diag sources; perform longer self-tests.

diag -switch? (--diag?) If true , diagnostic -mode? returnstrue .

boot -device ( -- dev-str dev-len) Defaultboot device-namédiagnostic  -mode? false ).

boot -file (-- arg-str arg-len ) Defaultboot argumentgdiagnostic -mode? false ).

diag -device ( -- dev-str dev-len) Defaultboot device-namédiagnostic  -mode? true ).

diag -file (-- arg-str arg-len ) Defaultboot argumentgdiagnostic  -mode? true ).

auto -boot? (--auto?) If true , automatically executeoot -command after power-
on orreset -all

boot -command (--addrlen) Command executed #uto -boot? istrue .

7.4.4 Nonvolatile memory

Systemnonvolatilememoryis usedto preservesystemstart-upandbootinginformation. This informationmay be
savedin EEPROM ,battery-backedRAM, or someotherdevice.The key featuresarethatit canbe accessedby the
OpenFirmwareduring systemstart-up,it can be changedby the useras desired,and its contentspersistwhen
power is off.

Systemnonvolatilememoryis divided into two sections,one for the storageof configurationvariables, and the
other for thescript.

7.4.4.1 Configuration variables
Configuration variablesre an optional feature of the Administrateeammand group

A number of Open Firmware operating characteristicsare controlled by configuration variables stored in
nonvolatilememory.The valueof a configurationvariablecanbe a number,a string, a true/falseflag, a selection
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from a setof choices,or oneof severalotherdatatypes,dependingon the particularvariable.Most configuration
variableshaveboth a currentvalue and a default value, with the defaultvalue storedin ROM. OpenFirmware
implementationgan maintaina checksumof the nonvolatilememoryusedfor configurationvariable storage.If
that memory becomescorrupted,the Open Firmware implementationcan restore some of the configuration
variables to their default values, leaving untouched those configuration variables without default values.

The nonvolatilememorylocationswhereparticularparametewaluesare storedcan changefrom machineto ma-
chineandfrom revisionto revision.Thus,they cannotbe accesseat fixed locations,but insteadmustbe accessed
by name.Userscan accesshemby nameusing printenv  and setenv . Client programscan accesshem by
name vieclient interfaceoperations on théoptions  device node

The configurationvariabledatatypesare givenin the following list. Eachdatatype is describedn termsof its
“Fundamental Data Type,” whidk thekind of informationthatit representsts “Stack Representation,which is
the way that informationis presentedn the Forth stack,its “Input Text Representation,hich is the human-
writeableform asusedwith setenv , $setenv , andsetprop , andits “Output Text Representation,ivhich is
its human-readable form as used wititenv ~ andgetprop . The internal storage format is not specified.

integer Fundamental Data Type: number
Stack Representation: n
Input Text Representation:decimal number or hexadecimal number beginning with “0Ox”
Output Text Representatiomtecimal number

bytesh] Fundamental Data Type: a sequence of bytes
Stack Representation: addr len
Input Text Representation:a sequence of bytes
Output Text Representatio@ sequence of bytes

string[n] Fundamental Data Type: text string capable of storing at leastharacters
Stack Representation: addr len
Input Text Representation:text
Output Text Representatiotext

boolean Fundamental Data Type: true/false flag
Stack Representation: flag
Input Text Representation:one of the stringdrue , false , TRUE or FALSE
Output Text Representatiomne of the stringdrue orfalse

security-mode Fundamental Data Type: enumerated type
Stack Representation: none
Input Text Representation:one of the stringmone, command or full
Output Text Representatiommne of the stringgione , command or full

Configurationvariablesare describedin the following subclauseslongwith the featuresthat require them. In
implementationsthat do not support configuration variables,featuresthat dependon particular configuration
variables may use fixed default values for those variables.
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The following commands inspect and modify configuration variables:

setenv ( “nv-param< >new-value<eol>" --)  Set the configuration variabie/-paramto the indicated value.
$setenv ( data-addr data-len name-str name-len --Set the configuration variabteme stringo new value.
printenv (“{param-name}<eol>" --) Display current, default value obnfiguration variableg(or all).
set -default ( “param-name<eol>" --) Set configuration variable to default value.
set -defaults (-) Reset most configuration variables to their default values.
nodefault -bytes ( maxlen “new-name< >" --) Create custom configuration variable of sizaxlen

(E: -- addr len)

A summarylist of all OpenFirmwaredefinedconfigurationvariablesis givenin annexG. Note thatimplementa-
tions are free to define additional configuration variables as needed.

7.4.4.2 The script

Thescriptis a sectionof nonvolatilememorythatis reservedor storageof user-definedcommandsgo be executed
during the start-upsequenceThe script may be usedfor various purposesjncluding installation-specificdevice
corfiguration commandsanddevicealiases,patchedo correctOpenFirmwarebugs,or user-installecextensions.
Commands in the script are stored in text form, just as the user would type them at the console.

The script is evaluated onlyufse -nvramrc?  istrue

The commandavedit andnvstore are used to edit the scrifitheintraline editing keystrokesareusedwithin
the script editor, with the following exceptions:

Keystroke | Description
~c Exits thescript editor, returning to the Open Firmwa@mmand interpreteiThe temporary
Bgfcflfr) is preserved but is not written back to the script. (Wstore afterwards to write it
<cr> Inserts a newline at the cursor position and advances to the next line.
"o Inserts a newline at the cursor position and stays on the current line.
"k If at the end of a line, joins the next line to the current line (i.e., deletes the newline).
n Moves to the next line of the script editing buffer.
p Moves to the previous line of the script editing buffer.
N Displays the entire contents of the editing buffer.
nvramrc ( -- data-addr data-len ) Contents of the script.
use -nvramrc? (-- enabled?) If true , the script is evaluated at system start-up.
nvedit (-) Enter script editor (exit withc ).
nvstore (-) Copy contents afivedit temporary buffer into the script.
nvquit (-) Discard contents afvedit temporary buffer.
nvrecover (-) Attempt to recover lost script contents.
nvrun (-) Execute the contents of thgedit temporary buffer.

7.4.5 I/0O control

The consoleis the pair of input andoutputdeviceghat OpenFirmwareusesfor communicatingwith the user(for
example, a keyboarahda bit-mappedlisplay). The consoledevicesare selectedafter probing,allowing the useof
plug-in devicedor the console.

After probing,thedriversfor devicesnamedby input -device andoutput -device areopenedandconsole
input and outputis directedto thosedevices.The ihandles of the openinput and outputdrivers are savedasthe
values of the §tdin " and ‘stdout ” properties in théchosen node,sothatclient programsmayinteractwith

the user through the console.
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If eitherof the specifieddevicescannotbe opened system-dependemtefault devicesmay be usedinsteadof the
specified devices.

The console activation process is performed byristall  -console command.

Normally,install ~ -console is automaticallyexecutedduring the OpenFirmwarestart-upsequencgust after
probing, but it may be executed explicitly from #eziptif desired.

Before selectingthe outputdevice,install ~ -console attemptsto createa devicealias namedscreen . If a
device alias namedscreen doesnot exist, and if a device of type display = was found during probing,
install -console createsanaliasscreen representinghe devicepath of the first deviceof type display
thatwasfound during probing. This featureprovidesa degreeof autoconfigurationTypically, a systemwill have
only onedisplaydevice.If the valueof output -device is setto screen , the systemwill automaticallylocate
that device and use it as the console output device.

Beforethe consoleis activated,any output producedby OpenFirmware mustbe directedto a diagnosticoutput
device. Whethera diagnosticoutput device exists, how it is chosen,and how it is accessedare all system-
dependent.

The input and output devicesmay also be modified with the input , output , andio commands.These
modificationstake placeimmediately. Thesecommandsdo not affectinput -device andoutput -device
and hencelo not affectthe choiceof consoleaftera subsequenteset -all  or powercycle (unlesspresenin the
scripf). The action taken on failure to open an input or output device is system-dependent.
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input -device ( -- dev-str dev-len) Default console input device.

output -device ( -- dev-str dev-len) Default console output device.

stdin (--a-addr) variable  containing the ihandle of the console input device.

stdout (--a-addr) variable  containing the ihandle of the console output
device.

screen -#columns (--n) Maximum number of columns on console output device.

screen-#rows (--n) Maximum number of rows on console output device.

install  -console (-) Select and activate console input and output devices.

input ( dev-str dev-len --) Select the indicated device for console input.

output ( dev-str dev-len --) Select the indicated device for console output.

io ( dev-str dev-len --) Select the indicated device for console input and output.

7.4.6 Security

The securityfeatureallows the systemto be configuredso that a passwords requiredto accessnostcommands
from the interactivecommandnterpreter'sok prompt.Severallevelsof security(including “none”) are specified
by the setting ofecurity -mode . Thepassword command is used to set the security password.

password (-) Prompt user to set security password.

security -mode (--n) Contains level of security access protection.

security -password ( -- password-str password-len ) Contains security password text string.

security  -#badlogins (--n) Contains total count of invalid security access attempts.
7.4.7 Reset

This commandis usedto initiate a systempower-onreset,thus re-initializing the hardwarestate and Open
Firmware’s data structures as if a power-on reset had occurred.

reset -all (-) Reset the machine as if a power-on reset had occurred.
7.4.8 Self-test

Any device nodédeither for abuilt-in deviceor aplug-in devicg may define its owselftest diagnostic routine
asone of that device’smethods Many deviceshavetwo levels of diagnostics.The simplestlevel is a very brief
“sanity check” that could be automaticallyexecutedduring initial probing or wheneverthat deviceis openedfor
use by Open Firmware. The more extenseitest routine is executed only upon usemmand Executionof
a device’'sselftest routine may be automated by storing the user command stitipt

test ( “device-specifier<cr>"--) Invoke theselftest routine for the specified device.
test-all ( “{device-specifier}<cr>" --) Invokeselftest routines at and below specified node.
selftest  -#megs (--n) Number of megabytes of memory to test.

diagnostic  -mode? (--diag?) If true , boot from diag sources, perform longer self-tests.
diag -switch? (--diag?) If true , diagnostic -mode? returnstrue .

7.4.9 Client program callback

A client programmay makeavailablea setof applicationcallbackcommandghat the usermay executefrom the
Open Firmware commandinterpreter The client programdeclaresthe addressf its callback procedurewith
set-callback. Application callback commands can be executed with the following Open Firmware commands:

callback ( “service-name< >" “arguments<cr>" -- ) Execute specified client program callback routine.

$callback  (argn ... argl nargs addr len -- retn ... ret2 Nreturns-1)
Execute specified client program callback routine.
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sync (-) Flush system file buffers, after a program interrupt.
7.4.10 Banner

These commands control the appearance dirthevare banner:

banner (-) Display the system power-on banner.

suppress -banner () Abbreviate system start-up sequence aftesthipt

oemlogo? (-- custom?) If true , banner displays custom logo iroem-logo .

oem-logo (-- logo-addr logo-len) Contains custom logo fdranner , enabled byoem-logo?

oembanner? (-- custom?) If true , banner displays custom message in
oem-banner .

oem-banner ( -- text-str text-len ) Contains custorbanner text, enabled byoem-banner?

7.4.11 Device tree

Theshow-devs commands a usefultool to seethe full devicepath namesof all or partof the devicetree The
following is an example of its output:

ok show-devs<cr>

faudio@1,f720100

/sbus@1,f8000000

/zs@1,f0000000

/packages@0,0
/sbus@1,f8000000/SUNW,le@0,c00000
/sbus@1,f8000000/SUNW,esp@0,80000
/sbus@1,f8000000/SUNW,esp@0,800000/sd@1,0
/sbus@1,f8000000/SUNW,esp@0,800000/st@5,0
/sbus@1,f8000000/SUNW,cgthree@3,0

show-devs ( “{device-specifier}<cr>" --) Show all devices beneath the indicated node.

7.4.11.1 Device alias

devalias ( “{alias-name}< >{device-specifier}<cr>" -- )Create device alias or display current alias(es).
nvalias ( “alias-name< >device-specifier<cr>" -- ) Create nonvolatile device alias; edit Swipt
$nvalias ( name-str name-len dev-str dev-len -- ) Create nonvolatile device alias; edit Sezipt
nvunalias (“alias-name< >" --) Delete nonvolatile device alias; edit theript
$nvunalias ( name-str name-len --) Delete nonvolatile device alias; edit theript
“screen ” Standard string for alias createdibgtall  -console

7.4.11.2 Device tree browsing

Device tree browsing allows the user to examineand modify individual device tree nodes. The device tree
browsingcommandsare similar to the UNIX commandsfor changingthe working directory within the UNIX
directorytree.The active packagds the devicenodethatthe usermay examineand modify with subsequemntode
examination commands. Selectiaglevice node makes it the active package.

Whena nodeis the active packageuser-createdrorthcommandsare addedto the list of methoddor that device,
new propertiesmay be addedto the list of propertiesfor that device,dictionary searchcommandswill operateon
the node’slist of methods(followed by systemForth wordg, andthat node’s methodscan be executedas Forth
words by typing their names.
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Examples:

ok dev /zs@1,f0000000<cr>
ok .properties<cr>

name zs
reg 00 00 00 01 f0 00 00 00 00 00 00 08
intr 00 00 00 Oc 00 00 00 00
device_type serial

keyboard

port-a-ignore-cd
port-b-ignore-cd

dev ( “device-specifier<cr>" --) Make the specified device node the active package.

find -device ( dev-str dev-len --) Make the device nod#ev-stringthe active package.

device -end (-) Unselect the active package, leaving none selected.

pwd (-) Display the device path that names the active package.

Is (-) Display the names of the active package’s children.
.properties (-) Display names and values of properties of the active package.

7.4.11.3 Device probing

Theprobe -all commandprobesall availableplug-in devicesand addsto the devicetree asappropriate This
commandis normally invoked automaticallyduring systemstart-up, but can be disabledby executingeither
banner orsuppress -banner from thescript

probe -all (-) Probe for all available plug-in devices.

7.5 Firmware Debugging command group

This subclausedescribescommandsthat assistin the developmentof a Forth or FCode program Most are
interactive commands only and are not generally to be used within a Forth program.

7.5.1 Automatic stack display
This tool makesit easierfor the userto seethe stackeffectof executeccommandsby automaticallydisplayingthe
entire stackjust beforeeachok prompt.It is usefulwhendevelopingForth programsasinadvertentstackerrors

will be more quickly spotted.

showstack (-) Turn on automatic stack display.
noshowstack (-) Turn off automatic stack display.

7.5.2 Serial download

This tool enables Forth source code to be downloaded and executed over a serial port.

dl (-) Download and execute Forth text; end with
7.5.3 Dictionary

This subclause describes various productitatlsthatinvolve the Forth dictionary.Most areusefulfor debugging
Forth programs by providing tools for inspecting and altering the dictionary.
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7.5.3.1 Dictionary search

Based on various parameters, the@@mandsearch the dictionary.

.calls (xt--) Display all commands that use the execution token
$sift ( text-addr text-len --) Display all command names containiegt-string
sifting (“text< >" --) Display all command names containiegt

words (-) Display the names of methods or commands.

7.5.3.2 Decompiler

The Forth decompilerallows the userto “see inside” any given routine in order to seehow it is built. The
decompiler displays the names of the component subwords in the order used to create the routine in question.

If the word being decompiledis an assembly-codealefinition, the disassemblemwill be invoked automatically
(assuming the disassembler is present).

Unfortunately, many of the system routines might not decompile very well since the actual nmeesmiponent
routines might have been previously discarded. For these cases, the address of the component roushewill be
instead of the name.

see (“old-name< >" --) Decompile the Forth commamdd-name
(see) (xt--) Decompile the Forth command whose execution tokeh is
7.5.3.3 Patch

Thesecommandsre usedto changethe definition of a command Although the moretypical methodof changing
the definition of a command is to edit some Fahrcetext,forget  theold definition, andrecompilethe edited
source, sometimes a quick patch is used to test a change first.

patch ( “new-name< >old-name< >word-to-patch< >" -- ) Change contents @ford-to-patch
(patch) (new-nl num1? old-n2 num2? xt --) Change contents of command indicateckby

7.5.3.4 Forth source-level debugger

The Forth source-levetlebuggemllows single-steppin@ndtracingof Forth programs;each”step” representshe
execution of on&orth word

In tracemode,the word markedfor debuggings executedthe processontinueswith the nextword calledby the
debuggedvord. In stepmode(the default),the usercontrolsthe progres=f the execution Beforethe executionof
each word called by the debugged word, the user is prompted for one of the following keystrokes:

Keystroke Description

<space> Executes the word just displayed and proceeds to the next word.

d Goes down a level; i.e., marks for debugging the word whose name was just displayed 4
executes it.

u Goes up a level; i.e., unmarks the word being debugged, marks its caller for debugging,
finishes executing the word that was previously being debugged.

c Continues; i.e., switches from stepping to tracing, thus tracing the remainder of the exed
of the word being debugged.

f Starts a subordinate Forth interpreter. Forth commands may be executed normally. Whé
resume command is encountered, the interpreter exits and control-returns to the debug
the place where the keystroke was executed.

q Quits; i.e., aborts the execution of the word being debugged and all its callers, returning
command interpreter
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debug (“old-name< >" --) Mark the commandld-namefor debugging.

(debug (xt--) Mark the command indicated byfor debugging.

stepping (-) Set step mode (default) for Forth source-level debugging.
tracing (-) Set trace mode for Forth source-level debugging.

debug -off (-) Turn off the Forth source-level debugger.

resume (-) Exit from a subordinate interpreter back to the stepper.

7.6 Client Program Debugging command group
This subclause describes various commands used to download and test machine-tirguagegrams
7.6.1 Registers display

Whenever a machine-language program execution is suspended, the complete state of thépadichitzely,all

machineregisters)s savedin the saved-program-statmemoryarea.This serveswo purposes.1) the savedpro-
gramstatecanberestoredallowing executionof the interruptedprogramto be resumedand 2) the savedregister
values are available from the interpreter for inspection and/or modification for debugging purposes.

CPU registersmay be examinedand modified. Registersmay be written or readindividually or readasa group.
For registersother than floating-point registers the registeraccesscommandsoperateon memory copiesof the
registervaluesinsteadof directly on the processoregistershemselvesThe contentsof the processoregistersare
copiedto the saved-program-statememory areawhen a running programtransferscontrol to Open Firmware,
typically from a userabort,a programbreakpoint,or a severesystemcrash(resultingin a watchdogreset).When
OpenFirmwareresumesexecutionof the suspendegrogram(aswith the go command)the processoregisters
arereloadedrom the saved-program-statereaandany modificationsthat the userhasmadeprior to resumption
of the program will then take effect.

Sincenormaloperationof OpenFirmwaredoesnot useor affectthe valuesof floating-pointregisterstheir values
may be accessed “in-place,” rather than from memory copies, at the discretion of the implementor.

The namesof the registersdependuponthe CPU type. For a particular CPU type, the registernamesshouldbe
chosento be obviousto a personfamiliar with that processor'sassemblylanguage However,the registernames
must not conflict with other OpenFirmwareword names.One way of preventingsuchnameconflicts is to use
register names beginning with “%”, which is not used within any other Open Firmware word names.

Registernamesare executableForth words Executionof a registername pushesthe value containedin that
register (or its memory copy) onto the stack. The value may be changed wihdhemand, as in the following:

(ff4 ) to Y%reg-name

See the processor-specific Open Firmware documents for examples of machine-specific register display commands.

ctrace (-) Display saved call stack (subroutines calls and arguments).
.registers (-) Display saved register values.

fregisters (-) Display floating-point registers (if present).

to ( param [old-name< >] --) Changevalue ordefer or machine register contents.

7.6.2 Program download and execute

Thesefunctionsallow a userto downloada file containingassemblycode, object code, Forth sourcecode, or
anything else. A typical use for these functions is to download some extended diagnostic test routines.
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The syntax and behavior flwmad are similar tdooot except thathe programis loadedonly andis not executed.
Thus, the behavior dfoot is almost equivalent to the following:

load device-specifier arguments<cr>
go

The differenceis thatboot will resetthe machinebeforeloadingif a client programhasbeenexecutedsincethe
last reset, bubad will not.

load (“{params}<cr>" --) Load a program specified Iparams

go (-) Execute or resume execution of a program in memory.
state -valid (--a-addr) variable ,true if saved-program-statis valid.

init -program (-) Initialize saved-program-state

7.6.3 Abort and resume

The user may manually invoke themmand interpretely typing an abortsequenceThe abortsequencés imple-

mentation-dependentypically, the abortsequencenay be generatecy a line breakif the consoleis connected
via anasynchronouserialline or by a specifickey combinationif the consoleis connectedria a workstationkey-

board/monitor,or by a hardwareevent such as a momentaryswitch. Virtual consolesconnectedvia network
devicesmay define other protocols to implement the abort sequence.

When a programis suspendedy invoking the commandinterpreter,the contentsof the processorregistersare
savedin the saved-program-statmemoryarea.Executionof the suspendegrogrammay be resumedy usingthe
go command.

Keystroke Description
<abort> Suspend the currently executing program, saving processor statesavéuteprogram-state
memory area, and enter the Open Firmware command interpreter.

go (-) Execute or resume execution of a program in memory.
7.6.4 Disassembler

The disassembletakesa user-suppliednemoryaddressand producesan assembly-languagaterpretationof the
contents of memory in a conventional format.

dis (addr --) Begin disassembling at the given address.
+dis (-) Continue disassembling whetles or +dis last stopped.

7.6.5 Breakpoints

This featureallowsthe userto setbreakpointdn a client programandthenuseOpenFirmwarecommandsvhen
oneof the breakpointds reachedAfter inspectingregistersmemaory,etc., the usercan continueexecutionof the
client programor choosefrom a variety of single-steppingptions.The usermay also causeany sequenc®f Open
Firmware commands to be executed automatically when a breakpoint is reached, including automatic continuation.

To setbreakpointan a program,first load the programinto memoryor boot it. Re-enterthe OpenFirmware
command interpretelif necessary, with the user abort sequence. Set the desired breakpoaustangeor restart
the program.

All of thesecommandsrenormally executedlirectly from the commandnterpreter but may alsobe usedwithin

colondefinitions If a commandhat cause<lient programexecution(go, step , hop, etc.)is executedwithin a
colon definition, the remainder of the colon definition will not be executed.
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One possibleuse of breakpointcommandswithin colon definitionsis for complexbreakpointset-upsequences.
Anotherpossibleuseis to set-upconditionalexecution by puttinggo or step commandsnsideanif statement
within a command, and thdoadingthat command into théreakpoint or.step command.

.bp (-) Displays a list of all locations that are breakpoints.

+bp (addr --) Adds the given address to the breakpoint list.

-bp (addr --) Removes the breakpoint at the given address.

- -bp (-) Removes most recently set breakpoint (repeat if desired).
bpoff (-) Removes all breakpoints from the breakpoint list.

step (-) Executes a single machine-code instruction.

steps (n-) Executestep ntimes.

hop (-) Executes single instruction, or entire subroutine call.
hops (n-) Executeshop ntimes.

go (-) Executes or resume execution of a program in memory.
gos (n--) Executegjo ntimes.

till (addr --) Executes until the given address. Equivalenthp go.
return (- Executes until return from this subroutine.

)
.breakpoint (-) Action performed when breakpoint occurs.
.step (-) Action performed when a singééep occurs.
.instruction (-) Displays next pending address and instruction.

7.6.6 Symbolic debugging

The symbolic debuggermpermits memory addresseso be displayedsymbolically,i.e., with a programlabel and
offsetinsteadof simply a raw addressThe programlabelsaretakenfrom the string tableentriesof an appropriate
executablefile whenthe programis loadedby the secondaryboot program This secondaryboot programcan
extractthe symbol table from the executablefile and usethe client interfaceto initialize the Open Firmware
symbol table.

After symbolsareloaded,the disassembledisplayssymbolicaddressem additionto numericaddressesandthe
ForthinterpreterecognizesymbolnamesasthoughtheywereForth words Executinga symbolnamepusheghe
symbol’s value on the stack (where it may be display#d the Forthword “.”). The Forthinterpretersearchesor
symbolnamesafter attemptingto recognizenumbersjf thereis a symbolnamethatis spelledthe sameasa Forth
commandor a number,the Forthinterpretemwill recognizethe commandor numberinsteadof the symbolname.
To alleviatethis possibleproblem,the sym commandis provided. Symbol namesearchesre case-sensitivein
contrast to searches for Forth commands.

.adr (addr --) Display symbolic form for the given address.
sym (“name<>"--n) Return value of client program symbol “name”.
sym>value (addr len -- addr len false | ntrue )  Defer word to resolve symbol names.
value>sym (nl--nlfalse | n2 addrlentrue) Defer word to resolve symbol values.
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7.7 FCode Debugging command group

Theuser interfaceversions of theseCode functionsllow theuserto debugFCodeprogramsby providingnamed
commands corresponding to FCode functions.

A systemthatimplementghe FCodeDebuggingcommandyroup shallimplementcommandscorrespondingo all

of the FCode functions listed 513.2through5.3.7,with the samenamesandsemanticasthoseFCodefunctions,
plus the commandsgiven in the following list. Furthermore,a systemthat implementsthe FCode Debugging
command group shall implement the Forth command group.

external (-) Newly created functions will be visible.

headerless (-) Newly created functions will be invisible.

headers (-) Newly created functions will be optionally visible.

fcode -debug? (-- names?) If true , save names for FCodes withaders .
open-dev ( dev-str dev-len -- ihandle | 0) Open device (and parents) named by gidevice specifier

begin -package ( arg-str arg-len reg-str reg-len dev-str dev-len --)
Set up device tree before creating new node.

close -dev (ihandle --) Close device and all of its parents.
end-package (-) Close the device tree entry set up viidgin -package .
execute-device-method (... dev-str dev-len method-str method-len -- ??7?)

Execute the named method in the package nateedtring
apply (... “method-name< >device-specifier< >" -- ??? Execute named method in the specified package.
decode-bytes  ( prop-addrl prop-lenl data-len -- prop-addr2 prop-len2 data-addr data-len )

Decode a byte array frompaop-encoded-array
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Annex A
Open Firmware glossary

(normative)

A.1  Description

This annex describesthe complete set of Forth words FCode functions methods property names and
configurationvariables thataredefinedby this standardThis annexdefinesthe behaviorof individual words, but
it doesnot specify which of thesewords are requiredin orderto claim conformancewith one or more of the
standard interfaces defined by this standard. That information is specified in other clauses.

A.1.1 Collating sequence

The words in this glossary are collated according to the following rules:
— if the word contains alpha characters ([a—z]) plus any numeric or punctuation characters,
all non-alpha characters are ignored (removed) and the “alpha-only” word is ordered alphabetically;

— else, if the word contains only numeric ([0-9]) and punctuation characters,
all punctuation characters are ignored and the resulting “numeric-only” word is ordered numerically;

— else, if the word contains only punctuation characters,
the word is ordered according to its ASCII collating sequence.

Words consisting of only punctuation characters appeairitsis glossary,'numeric-only” wordsappearsecond,
and “alpha-only” words appear last.

A.1.2 Glossary entries

The general form of a glossary entry is as follows:

name ( stack comment ) Type Codes  FCode#
Brief description

Full description
A.1.2.1 Name field

This field givesthe nameof the word that is beingdescribed!f thereare multiple glossaryentrieswith the same
name, each name is followed by a clarifying comment, as shown in the following example:

draw -logo  (FCode functiop
draw -logo  (package methqgd
A.1.2.2 Stack comment field

This field shows the effect of the word on the varibosth stacksandon otherresourcedike theinput buffer. The
stack comment field is omitted for words to which it does not apply feaperty names

ANS Forthconventiongasspecifiedin ANSI X3.215-1994jarefollowed for stackcommentdescriptionswith the
following differences and enhancements.
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In the following table,“xyz” meansan arbitrary sequencef charactersysually either a descriptiveword (user-
defined) or another existing standard stack abbreviation.

The prefixes “b”, “w”, and “q” are used to indicate 8-bit, 16-bit &2dbit quantities.Theterms®...” and“???”are
used in place of the ANSI X3.215 terms “i*x” and “j*x”, respectively.
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X X1 X2 etc.
nnln2n3
Xyz
U uxyz
nu nul etc.
char
byte bxyz
W WXyz
quad gxyz
dxyz
udxyz
xyz.lo
xyz.hi
false
true
xyz?
?xXyz?
addr virt
waddr
gaddr
a-addr
phys
phys.lo
phys.hi
len
cnt
addr len
Xyz-str xyz-len
Xyz-pstr
path-str path-len
dev-str dev-len
prop-addr prop-len
xt
phandle
ihandle

??77?
<nothing>
“text<delim>"

[text<delim>]

Ixyz/
<> <space>
<eol>
{text}
XyZ-Sys

Arbitrary stack items

Normal signed values

Arbitrary descriptive text

Unsigned value (_0)

Signed or unsigned value

8-bit value representing 1ISO_Latin-1 character

Byte (8-bit value)

Doublet (16-bit value)

Quadlet (32-bit value)

Double numbers (2 stack items; most significant on top of stack)
Unsigned double numbers (2 stack items; most significant on top of stack)
Low significant bits of a data item

High significant bits of a data item

0 (false flag)

-1 (true flag)

Flag (e.g., done? ok? error?); name indicates usage
Flag, but can generate “impure” values (besides 0 or —1)
Address (32-bit virtual)

Doublet(16-bit)-aligned address

Quadlet(32-bit)-aligned address

Var-aligned address

Physical address

Lower cell of physical address

Upper cell of physical address

Length (in bytes)

Count, number of operations

Address and length (2 associated stack items) for memory region
Address and length (2 associated stack items) for string
Address of counted string (first byte contains length)
String for device path

String for device-specifier (device path or alias)

A property-encoded-array

Execution token

Pointer (handle) for a package

Pointer (handle) for an instance of a package

Separates two possible stack effects

Unspecified stack item(s). If encountered on both sides of stack comment, means

same stack items on both sides
Unknown stack item(s)
Zero stack items, i.e., ( result | <nothing>)

Input buffer text, parsed when the command is executed. Text delimiter is enclosed

in <...>

Text immediately following on the same line as the command; parsed immediately.

Text delimiter is enclosed in <...>

In FCode evaluation, indicates FCode byte(s) to be read
Space delimiter. Leading spaces are ignored
End-of-line delimiter

Optional text; causes default behavior if omitted
Control-flow stack items; implementation-dependent
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The topmost stack item is always shown on the right.

Flagsare indicatedin stackcommentsby “xyz?”, where xyz indicatesthe meaningof the flag. A true result
agrees with the meaning of the flag. Example&fqtrue if ok), done?(true if done),error? (true if error).

Returnstackeffect(if any)is shownon the sameline asandafterthe normalstackeffect (for eithercompile-time,
run-time, or later-execution), with “R:” to distinguish the return stack, i.e.,

>r (x1--) (R:--x1)

For words with different behaviors at compile time andtmne, the run time behavioris shownafterthe compile-
time behavior, with “C:” to distinguish the compile-time behavior, i.e.,
literal (C:nl--)

(--nl1)

For defining words, later behaviorof the word that was createdis shownbeforethe stackeffect for the defining
word, with “E:” to distinguish the behavior of the word that was defined, i.e.,
constant (E:--nl1)

(nl"new-name< >" --)

For Fcode words, behavior of the word during Fcode compilation is shown with “F:”, i.e.,

b(value) (E:--x)
(F:x--)
Here is a worst-case combination of some of the above:
does> (E:...--722?) (created name execution)
(C: sysl --sys2) (compilation)
(--) (R:sysl-) (“does> " execution)
(... -- ... a-addr) (R: -- sysdgreated name initiation)

Alternate individual stack items are separatedby “|” without a spaceon either side, i.e., (addr len|0 result).
Alternategroupsof stack items are separated bywjth a space on either side, i.e., (addr len false | xt true).

For a textstring on the stack,(name-stmame-len)specifiesthe addressandlength,respectivelypf the string. The
body of the description sometimes refers to the entire string as simply “name string”.

For a “countedstring” (also known as a “packedstring”), in which the length is storedas the first byte of the
string, the stack comment is (name-pstr).

The following paragraphslescribethe syntaxusedto distinguishbetweenthe two forms of commandghat parse
following text. Both forms have identical results if encountered outside of a definition.

Commandghat parsethe input buffer immediatelyshowthe input buffer effect as [text<delimiter>]in the stack
comment. For examplg, ( [text<)>] --) could be used as either

.( print this)
or
:foo .(print this) ;

Commands that parse the input buffer ufaaar executionshowthe input buffer effectas“text<delimiter>"in the
stack comment. For exampkstenv  ( "name< >value< >" --) could be used as either

setenv name value

or
: foo setenv;
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and later,
foo name value

“<eol>" denotesend-of-line.This is usedfor commandghat consumethe remainderof their input line. Unless
specifiedotherwise,suchcommandsemoveleadingandtrailing white spacefrom the argumentghat they parse
from the input line. For such commands, optional parameters are shown enclosed by {...}, i.e.,

boot ( "{params}<eol>" --)

A.1.2.3 Type codes field

This field categorizeshe word thatis beingdefined.Somewordsfall into morethanone category Eachcategory
is denotedby a singleuppercaséetter. The field consistsof a comma-separatelist of suchletters.The categories
and their assigned letters are as follows:

A ANS Forth word. In most cases,the descriptionbody for such words consistsonly of a one-line brief
description. The full specification is given by ANSI X3.215-1994.

C Compilation only. This command is not allowed outside cblan definition

F This command is also a system-defi&ibde functionThe assigneBCode numbefollows.

M Standardmethodname provided only in certain packages Behavioral details may dependon the type of
package in which it resides.

N Configuration variable

O Obsolete. Refers to words that are not required for any Open Firmware implementation, but tegishecia
someof OpenFirmware’sprecursorsThe descriptionsof thosewords are includedto assistimplementations
that wish to be compatible with previous systems. For additional information, see annex E.

S Standardstring; not a command.Refersto certain“names” that have specifiedmeanings.Thesenamesare
usedas string parametergo certainother commandsut are not themselved=orth commandsExamplesare
packagenamesdevicetypes,propertynames devicealiases In glossarylistings, standardstringsare spelled
with leading/trailingdoublequotes(i.e., “string-name ") to distinguishthem from Forth commandsThe
actual string name does not have double quotes. Standard dtingshavestackcommentspbecausgheyare
not Forth commands.

T This commandis commonly provided as a built-in macroin a tokenizer Seethe glossaryentriesfor the
sequence of equivalent FCode primitives. Nbt 0, 1, 2, and3 representhe FCodecommandsiamedo, 1,
2, and3. Literal FCode bytes are represented by 00, 01, 02, etc.

A.1.2.4 FCodet# field

This field gives thé&-Code numbeassigned to this word. It is present only for words with the “F” type code.

A.1.2.5 Description body

This field describes the semantics of the word. Thelfivstof the descriptionbodyis a brief descriptionthatgives

an overview of the word’s behavioror purpose.Subsequentines amplify that brief descriptionto presentthe

detailed specification of the word.

This documenusestheword commando meana Forth executionprocedurginsteadof the ANS Forth definition

or nameddefinition). In addition, this documentusesthe phrasecommandnameto meanthe text nameof a

command (instead of the ANS Fotlord namé.

Within a descriptionbody, subheadinggre sometimesused,denotingthe environmentto which the following
paragraphs apply. The subheadings are as follows:
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— Interpretation: Definesthe behaviorof the word when it is encounteredyy the Forth interpreterwhenin
interpretationstate.This appearnly for wordswhoseinterpretationbehavioris differentfrom their behavior
when compiled inside a definition (mostly control flow words and literals).

— Compilation: Definesthe behaviorof the word when it is encounterecby the Forth interpreterwhen in
compilation state.Compilation semanticsare given only for words whose compilation behavioris different
from their behavior when compiled inside a definition (mostly control flow words and literals).

— Run-time: Definesthe behaviorof a word fragmentwhen the definition into which it hasbeencompiledis
executed.

— Execution: Definesthe behaviorof the word whenit is executedThis appearnly for wordsthat haveeither
separately specified compilation or interpretation semantics.

The majority of Forth words do not have separatelyspecified interpretation,compilation, and execution
semanticssuchwords behavethe sameway both inside and outsideof definitions, and that one behavioris
given, without a subheading, in the description body.

— FCode evaluation: Definesthe behaviorof the word whenit is encounteredn interpretationstateby the
FCodeevaluator This appearnly for FCodefunctionswhosebehavioris differentwhenencounteredy the
FCodeevaluatorthan when a definition in which they havebeencompiledis later executedIn most cases,
theseare FCodefunctionsthat read one or more following bytesfrom the FCode program suchas literals,
control flow words, and defining words.

— FCODE ONLY: Indicatesthatthe word is not requiredto be presentasa userinterfacecommandevenif the
FCode Debuggingommand groujs implemented.

— Equivalent to: Definesa possibleimplementationjn termsof other more primitive commandsfor the com-
mand being described. It is permissible to use a different implementation if the effective behavior is identical.

— Tokenizer equivalent: Defines a sequenad FCodefunctionsthat, takenasa whole,is equivalentto the word
being defined. Tokenizes typically generatethat sequencevhen the word being definedis encounteredn
FCode sourceThis subheading appears for words with the “T” type code.

— Tokenizer: Definesthe effect of the word on the subsequenbehaviorof a tokenizer.This is usedfor words
that affect certain tokenizer modes, such as those controlling its numeric conversion radix, the size of generated
branch offsets, and the visibility of names for program-defined functions.

— ANS Forth/tokenizer difference: Notesa differencebetweenthe ANS Forth behaviorof the word and the
suggestedokenizerbehavior.Most suchdifferencesare inevitablebecausean FCodeprogramhasno textual
input buffer.

— ANS Forth note: Notes a value-addeadifferencewherethis standardspecifiesa behaviorfor the word thatis a
supersebf the requiredANS Forth behavior.Usually, the addedvaluetakesthe form of a specificationof the
behaviorfor conditionsunderwhich ANS Forth declinesto mandatea particularbehavior(for example,the
interpretation behavior of control flow words).

— Example: Gives an example of how the word might be used in a program, with explanatory text.

— Used as: Showstypical, representativeisageof the command,but doesnot excludeother formulations.In
someexamplesthe ok promptis shown,emphasizinghatthis is the way the commandis usedat the Forth
interpreter prompt , as opposed to the way it would be used when compiled inside another definition, e.g.,

ok forget old-name

103



IEEE
Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

— Usagerestriction: Indicatesthe conditionsunderwhich the word must behaveas specified,thus imposing
requirements on programs that wish to use the word correctly, but not on the word itself.

— NOTE—Gives additional information that is not part of the specification of the veortdhat might be helpful
in understanding how the word is used or how it can be implemented.

A.2  Specification

A standardsystemor standardpackagethatimplementsoneor moreof the following wordsshallimplementthem
with the semantics given below:

! (x a-addr --) AF 0x72
Store item x to cell at a-addr.
See: rl!
" ( [text<">< >] -- text-str text-len ) T
Gather the immediately following string or hex data.
Interpretation: ([text<">< >] -- text-str text-len )

Parsaextdelimited by * ", with hex-sequence handling as described below. Store the resultingsttisy text-lerat

the next available temporary location. The length of the temporary buffer is implementation-dependent but shall be no less
than 80 characters. At least two such temporary buffers shall be provided, using the buffers alternately for successive uses
of " in interpretation state.

Compilation: ([text<">< >] --)

Parseextdelimited by * ", with hex-sequence handling as described below. Append the run-time semantics given
below to the current definition.

Run-time: ( -- text-str text-len )
Returntext-strandtext-lenthat describe a string consisting of the charateets

A standard program shall not alter the contents of the string describbext{syrandtext-len
Used as:" text"<space>

Hex-sequence handling:

If parsing was terminated by &™in the input buffer (as opposed to the exhaustion of the input buffer), take further
action depending on the value of the next character in the input buffer as follows:

If input buffer is exhausted:

Take no further action
If next character is white space:

Consume that character and take no further action
If next character is(*":

Consume that character, parse hexadecimal characters delimitetids/described below, append the
characters denoted by those hexadecimal characters,tand resume™”-delimited parsing to further extend
text (This feature is useful for including nonprintable characters in text strings.)

Hexadecimal character treatment:

Treat each pair of hexadecimal digits in the substring betw¢ehdnd “) ” as the numerical
representation (0x00 .. OxFF) of a character, ignoring nonhexadecimal characters between pairs of
hexadecimal characters. Hexadecimal digits shall be recognized in either uppercase or lowercase.

Otherwise:
The result is implementation-dependent.
Used as:" hello"(0102 ff 80,81)there" (addr len)
Tokenizer equivalent: b(") len-byte xx-byte xx-byte ... xx-byte

NOTE—" is similar toS" in ANS Forth, but with the addition of hex-sequence handling. The final delimitihgntist
be followed by a white space character, in contraSt'tavhich does not require a trailing space.

# (udl--ud2) AF 0xC7
Convert a digit in pictured numeric output conversion.
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#>

(ud--strlen)
End pictured numeric output conversion.

' ("old-name< >" -- xt)A, T'

0]

*/

+

Return execution tokext of a command, parsed later.

Tokenizer equivalent: b(") old  -FCode#

ANS Forth/tokenizer difference: In FCode source, cannot be used inside a colon definition."'

([text<)>] --)
Ignore the immediately following text up to closing’:

Tokenizer equivalent: <nothing>

(n--strlen)
Convert a number into a text string.

Perform the conversion according to the valuedge .
Tokenizer equivalent: dup abs <# u#s swap sign u#>

(nul nu2 -- prod )
Multiply nulbynu2

(nln2n3--quot)
Calculatenl timesn2 divided byn3.

(nul nu2 -- sum)
Add nultonu2

(nu a-addr --)
Add nuto cell ata-addr.

(x--)

Appendx to data space.

(nul nu2 -- diff )
Subtrachu2from nul

(nu--)
Display number (and trailing space).

([text<">] --)
Display the immediately following text.

Interpretation: ([text<">] --)
Parsaextdelimited by “ " and display it.

Compilation: ([text<">] --)
Same as ANS Forth.

Run-time: (--)

Same as ANS Forth.
Tokenizer equivalent: b(") len-byte xx-byte xx-byte ... xx-byte type
ANS Forth note: Usage also allowed while interpreting.

AF

AT

AF

AF

AF

AF

AF

AF

AT
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0xC9

0x20

Ox1E

0x6C

0xD3

Ox1F

0x9D
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([text<)>] --) AT
Display the immediately following text up to delimitiny™

(nln2--quot) AF
Divide n1 by n2; return quotient.
S
The root node of the device tree.
See:3.1for a complete description.
(E:...--722?) AT

("new-name< >" -- colon-sys )
Begin creation of a colon definition.

Tokenizer equivalent: new-token |named-token |external -token b(:)
ANS Forth/tokenizer difference: In FCode source, cannot be used inside another colon definition.

( colon-sys --) AT,C
End creation of a colon definition.
Tokenizer equivalent: b(;)
(nln2--less?) AF
Returntrue if nlis less tham2.
() AF
Initialize pictured numeric output conversion.
See: (.) and(u.) for examples of use.
(x1u--x2) T
Synonym foilshift
Tokenizer equivalent: Ishift
(nln2 -- less-or-equal?) F
Returntrue if nlis less than or equal t2.
(x1 x2 -- not-equal? ) AF
Returntrue if x1is not equal ta2.
(x1x2 -- equal?) AF
Returntrue if x1is equal toc2.
(nln2 -- greater?) AF
Returntrue if nlis greater than2.
(nl n2 -- greater-or-equal? ) F
Returntrue if nlis greater than or equal Q.
(x1u--x2) T

Synonym forrshift

Tokenizer equivalent: rshift

0x21

Ox3A

0x96

0x43

0x3D

0x3C

0x3B

0x42
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?

[

0<

O<=

0<>

0>

(a-addr --) AT
Display the number at addressaddr.

Tokenizer equivalent: @.

(a-addr -- x) AF 0x6D
Fetch itemx from cell ata-addr.
See: rl@

(-) A.C

Enter interpretation state.
([old-name< >] -- xt )A,T'
Return execution tokext of a command.
Interpretation: ([old-name< >] -- xt)

Skip leading space delimiters. Paot@-namedelimited by a space. Firald-nameand place its execution tok&hon the
stack. An ambiguous condition exist®ifl-nameis not found.

Compilation: ([old-name< >] --)

Skip leading space delimiters. Paosg-namedelimited by a space. Firald-nameand append the run-time semantics
given below to the current definition. An ambiguous condition existislihames not found.

Run-time: (--xt)
Placeold-namés execution tokemt on the stack.

Tokenizer equivalent: b(") old  -FCode#

ANS Forth note: Usage also allowed while interpreting.

([rest-of-line<eol>] --) AT
Ignore the immediately following text on this line.

Tokenizer equivalent: <nothing>

Enter compilation state.

(--0) F 0xA5
Constant 0.

This number has its own FCode value to save space in FCode binary form.

(n--less-than-0?) AF 0x36
Returntrue if nis less than zero.
('n -- less-or-equal-to-0?) F 0x37
Returntrue if nis less than or equal to zero.
( n -- not-equal-to-0? ) AF 0x35
Returntrue if nis not equal to zero.
( nulflag -- equal-to-07?) AF 0x34

Returntrue if nuflag is equal to zero.

This command correctly inverts all flags, including “impure” flags.

( n -- greater-than-0?) AF 0x38
Returntrue if nis greater than zero.
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0>= ( n -- greater-or-equal-to-07? ) F 0x39
Returntrue if nis greater than or equal to zero.

1 (--1) F OxAb6
Constant 1.

This number has its own FCode value to save space in FCode binary form.

1+ (nul--nu2) AT
Add 1 tonul

Tokenizer equivalent: 1 +
1- (nul--nu2) AT
Subtract 1 fronnul

Tokenizer equivalent: 1 -

-1 (---1) F OxA4
Constant —1.

This number has its own FCode value to save space in FCode binary form.

2 (--2) F OxA7
Constant 2.

This number has its own FCode value to save space in FCode binary form.

2! (x1 x2 a-addr --) AF 0x77
Store cell pair aa-addr.

2* (x1--x2) AF 0x59
Shift x1 left by one bit-place. Zero-fill low bit.

2+ (nul--nu2) T
Add 2 tonul

Tokenizer equivalent: 2 +
2- (nul--nu2) T
Subtract 2 fronnul

Tokenizer equivalent: 2 -

2/ (x1--x2) AF 0x57
Shift x1 right by one bit-place. High bit unchanged.

2@ (a-addr -- x1 x2) AF 0x76
Fetch cell pair froma-addr.

3 (-3) F OXA8

Constant 3.

This number has its own FCode value to save space in FCode binary form.
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>>a (x1u--x2) F 0x29
Arithmetic shiftx1 right byu bit-places.

Copy high bits with the highest bit (i.e., sign-extend the high bit).

abort (...-) (Ri.o--) AF 0x216
Abort program execution; clear stacks.

The version oABORTdefined by the ANS Forth EXCEPTION wordset applies.

abort" (C: [text<">] --) AC
(...abort? -- ... | <nothing>) (R: ... -- ... | <nothing>)
If flag is nonzero, display text and cabort .

Used while compiling as:( flag ) abort" text"
Leading spaces before the text are not ignored and end-of-line is not treated as a delimiting space.
Equivalent to: -2 throw

abs (n--u) AF 0x2D
Return absolute value of

accept (addrlenl -- len2) AT
Get an edited input line and store iaddr.

Tokenizer equivalent: span @ -rot expect span @ swap span !

“address ” S
Standardgproperty nameo identify device virtual address.
prop-encoded-array
Arbitrary number ofirt-addr values with each value encoded weticode -int

Specifies the virtual addresses of one or more memory-mapped regions on this device. This property is typically used to
report the virtual addresses of regions that the firmware has already mapped so that client programs can reuse those
mappings.

The correspondence between declared addresses and the set of mappable regions for a particular device is device-
dependent.

Usage restriction: A standard package should create atidress " property after virtual addresses have been assigned
by mapping operations, and shall delete thddtess " property when the corresponding virtual addresses are
unmapped.

NOTE—The “address " property is particularly useful in the following cases:
a) When the mapped region is large, reuse of the virtual address conserves mapping resources.

b) For simple devices (for example, system interrupt control registers), using the firmware’s existing mapping
prevents the client program from having to know about the mapping process.

Used as:

(virt) encode -int
" address" property
See also:free -virtual

“address -hits " S
Standardgroperty nameo indicate number of network address bits.
prop-encoded-array
Integer, encoded witbncode -int

This property, when declared in a€twork " device, indicates the number of address bits needed to address this device
on the physical layer of its network. The absence of this property indicates the default value of 48.

Used as: d# 48 encode-int " address-bits" property
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“#address -cells S
Standardgroperty nameo define the package’s address format.

prop-encoded-array

Integer, encoded witbncode -int
This property applies to packages that define a physical address space, i.e., those packatproddéthunit
methods. The property value specifies the number of cells that are used to encode a physical address within that address
space. The value of this property affects the other functions, commands, and methods that deal with physical addresses. In
a package with adecode -unit " method, a missingfaddress -cells " property signifies that the number of
address cells is two.
For a given bus, the value of this property should be the same on all machines for which that bus could possibly be used,
even if those machines do not all have the same cell size. Consequently, the value of the property is determined in part by
the smallest cell size among all the machines to which the bus can apply.

An Open Firmware implementation shall operate correctly with values of this property from one to four. An
implementation may support larger values.

See also:map-in , maplow , decode -unit , my-address , my-space , my-unit , encode -phys , and
decode -phys .

.adr (addr--)
Display symbolic form for the given address.
Display the symbol nearest to (but not greater than) the given address. The symbolic form of an address is usually a
symbol name plus a non-negative numeric offset.
If value>sym returnsfalse , display the address as a number.
Other aspects of the displayed value are ISA-dependent.
See also:value>sym

again (C: dest-sys --) AT
(--)
End an (infinite)oegin ... again loop.
Compilation: (C: dest-sys --)

Perform the compilation semantics of ANS FoKBAIN. Then, if the current definition is temporary and the depth of the
control flow stack is the same as its depth when the temporary current definition was initiated, perform the compilation
semantics of and execute the temporary current definition.

Run-time: (--)
Same as ANS Forth.
NOTE—An external event, such as a keyboard abort, is usually necessary to terrbigite .a again loop.

Tokenizer equivalent: bbranch -offset
ANS Forth note: Also works outside of a definition.
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alarm (xtn--) F 0x213
Executext repeatedly, at intervals afmilliseconds (ms).

Arrange to periodically execute the package mettiad intervals oh ms (to the best accuracy possibleh i§ zero, stop
the periodic execution oft within the current instance context (leaving unaffected any periodic executibthaf was
established within a different instance).

Before each periodic execution of the method, the implementation shall set the current instance to be the same as the
current instance at the time tldarm was executed and shall restore the current instance to its previous value
afterwards.

Usage restriction: xt must be the execution token of a method whose stack diagram is ( --); i.e., it neither expects stack
arguments nor leaves stack results.

Example: Assume the existence of a command nafpedwitch? that tests a momentary-contact front-panel switch,
returningtrue  if the switch is activated. This example shows a way to signs¢a-abort when the switch is

activated.
: fp-abort (--) \ Abort if front-panel switch is activated
fp-switch? if
begin fp-switch? 0= until
user-abort
then

[1fp-abort d# 100 alarm \ Test switch every tenth of a second

alias (E:...--722?) T
( "new-name< >old-name< >" --)
Create a new command equivalent to an existing command.
Create a new commamgw-namewith the exact behavior of an existing commaittiname The stack effect for
execution ohew-names the same as that old-name Subsequently, whemewnameis found, e.g., with™”, the

execution token returned will be that of oldname; similarly, when newname is referenced during the compilation of a new
de

Used as: ok alias new -name old -name
Tokenizer equivalent: <resolution of alias>

In FCode sourceglias  cannot be called from within a colon definition. During tokenization of FCode source, no FCode

is generated when this command is encountered. Instead, the tokenizer will update its own lookup table of existing
commands. Any occurrence of the new command will cause the assigned FCode of the old command to be generated. One
implication is that the new command will not appear in the Forth dictionary after the FCode program is compiled. If this
behavior is undesirable, use a colon definition instead. Note that this function is unretied¢aliasegcompare with

devalias )

“laliases " S
The node containing this system'’s device alias list.

See:3.5for a complete description.

align (--) A
Allocate dictionary bytes to leave top of dictionary var-aligned.

aligned (nl--nlja-addr) F OxAE
Increasenl as necessary to givevar-aligned address.

The result is the samerifl is already avar-aligned address; otherwise, return the next largealigned address.

alloc -mem (len -- a-addr) F 0x8B
Allocatelen bytes of memory.
Return the virtual addressaddrof a buffer aligned to the most stringent requirements of the particular instruction set

architecture. If the requested operation cannot be perforntledhva shall be called with an appropriate error message,
as withabort"

NOTES—Out-of-memory conditions may be detected and handled properly in the codé alitc -mem catch

Memory allocated witlalloc -memcan be freed usinfgee-mem . The memory allocated afloc  -memis not
suitable for DMA.
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allot (len--) AT
Allocatelen bytes in the dictionary.
If the requested operation cannot be performéldrav shall be called with an appropriate error message, as with
abort"
Tokenizer equivalent: 0 max 0 ?do O c, loop
NOTE—The “tokenizer equivalent” phrase does not handle negative arguments.
NOTE—Out-of-memory conditions may be detected and handled properly in the cod# alith catch

and (x1x2--x3) AF 0x23
Return bitwise logical “and” at1 andx2.

apply (... "method-name< >device-specifier< >" -- 2?7?))
Execute named method in the specified package.

Perform the function aéxecute-device-method

If the requested operation cannot be performéldrav shall be called with an appropriate error message, as with
abort"

Used as: apply set-tpe-test aliasname
NOTE—Error conditions may be detected and handled properly in the codg]wjpply catch

ascii ([text< >] -- char) T
Generate ASCII code for the immediately following character.
Interpretation: ([text< >] -- char)
Skip leading space delimiters. Patsgtdelimited by a space. Put the integer value of the first charadeextoh the
stack.
Compilation: ([text< >] --)
Skip leading space delimiters. Patsetdelimited by a space. Append the run-time semantics given below to the current
definition.
Run-time: (--char)

Placechar, the integer value of the first characteteft on the stack.

Used as: ascii Boo (0x42)

ascii s similar to ANS ForttCHARand[CHAR], but has the same usage whether interpreting or compiling.
Tokenizer equivalent: b(lit) 00 00 00 xx -byte

auto -boot? (-- auto?) N
If true , automatically executeoot -command after power-on oreset -all
As the next to last step of the Open Firmware start-up sequeacég ifboot? istrue , execute the command string
specified byboot -command.

NOTE—In the usual case, the valuetmfot -command is boot . Usuallyboot transfers control to a client program,
in which case the following step of entering the command interpreter is not performed.

Configuration variable typeBoolean Suggested default valuéiue .

“available ” S
Standardgproperty nameo defineavailableresources.
prop-encoded-array
Arbitrary number ofiddresslengthpairs.Addresss aphys.lo ... phys.Hist of integers, each integer encoded as

with encode-int . Length(whose format depends on the package) is one or more integers, each encoded as with
encode-int

The value of this property defines resources, managed by this package, that are currently available for use by a client
program. The use alaim andrelease affect the value of this property.

See also:claim , “existing 7, “reg ", release
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b(") (--strlen) F 0x12
(F: /FCode-string/ --)
String literal FCode. Followed ByCode-string

FCode evaluation: (F: /FCode-string/ -- )

Read ar-Code-stringirom the current FCode program. If in interpretation state, coplfGluele-stringto a temporary
buffer if necessary and perform the run-time semantics given below. If in compilation state, append the run-time semantics
given below to the current definition.

If a temporary buffer is used, at least two such buffers shall be provided, alternating between the buffers so that at least
two distinct strings can be in use at any given time.

Run-time: (--strlen)
Returnstr andlen describing a string whose characters are the same BEdue-string
FCODE ONLY (Tokenized by, ." ,and.( )

b() (--xt)FOx11'
(F: /FCode#/ --)
Function literal FCode. Followed yCode#

FCode evaluation: (F: /FCode#/ --)

Read ar-Code#from the current FCode program. If in interpretation state, perform the run-time semantics given below.
If in compilation state, append the run-time semantics given below to the current definition.

Run-time: (--xt)
Return the execution toked of the FCode function corresponding to E@ode#
FCODE ONLY (Tokenized byf'] and ")

b(:) (E:...--722?) F OxB7
(F: -- colon-sys)
Define type of new FCode function as “colon definition”.
FCode evaluation: (F: -- colon-sys)

Define the behavior of the most recently created FCode function to be that of a Forth colon definition, with execution
semantics as given below. Enter compllation state, initiating the current definition, which will be terminated by the
execution of { ”. Enter compilation state and start the current definition, thereby prodeoiog-sys Append the

initiation semantics given below to the current definition.

The execution semantics of the definition will be determined by the words compiled into the body of the definition.

Initiation: (R: --sys)
Save implementation-dependent informatsysabout the calling definition.
Execution: (of defined word) (...--??2?)

Perform the body of the definition.
FCODE ONLY (Tokenized by )

b(;) (--) CF 0xC2
(F: colon-sys --)
End an FCode colon definition.
FCode evaluation: (F: colon-sys --)

Append the run-time semantics given below to the current definition, terminate the current definition, and enter
interpretation state.

Run-time: (--) (Risys--)
Return control to the caller of the definition containingysis produced by the corresponding)
FCODE ONLY (Tokenized by )
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banner (--)

Display the system power-on banner.
The banner is displayed at a system-dependent screen location (usually either at the top of the screen or at the current
cursor position).

If the current output device haslavice_type  property whose value iglisplay ”, display a logo by executing the
current output device'draw -logo method with the following arguments:

Theline# argument, at the system’s discretion, is either O or the line number corresponding to the current cursor
position.

If oemlogo? istrue , theaddrargument is the address returnedbytlogo . Otherwise, it is the address of
the system-dependent default logo.

Thewidth andheightarguments are both 64.
In any case, display additional information as follows:
If oembanner? istrue , display the text given by the valueagm-banner .

Otherwise, display implementation-dependent information about the system, for example, the machine type, serial
number, firmware revision, network address, and hardware configuration.

If executed within thecript, suppress automatic execution of the following Open Firmware start-up sequence:
probe -all install -console banner
See alsosuppress -banner

base (-- a-addr) AF O0xAO0

variable  containing the current numeric conversion radix.

Use this value for all subsequent numeric conversion, except where noted otherwise.
During tokenizing of FCode source, changes to this value do not affect evaluation of subsequent numeric input text.
ANS Forth/tokenizer difference: ANS Forth has no separate “tokenizing” behavior.

bbranch (--) F 0x13
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(F: /FCode-offset/ --)
Unconditional branch FCode. Followed B¢ode-offset

FCode evaluation: (F: /FCode-offset/ --)
ReadFCode-offsetwhose target is the matchibgcmark) or b(>resolve) , from the current FCode program.
If FCode-offsets negative, corresponding to a backward branch:  (C: dest orign .. origl -- orign .. origl)

Append the run-time semantics given below to the current definition, resolving the backward refesefden, if

the current definition is temporary and the depth of the control flow stack is the same as its depth when the temporary
current definition was initiated, perform the FCode evaluation semantigs) of and execute the temporary current
definition.

If FCode-offsets non-negative, corresponding to a forward branch:
If in interpretation state:

Read and discaffiCode-offseR bytes (if the=Code-offsesize is 16 bits) oFCode-offsetl bytes (if the
FCode-offsesize is 8 bits) from the current FCode program and take no further action.

If in compilation state: (C: origl -- orig2 origl)
Put the location of a new unresolved forward referemigg2 onto the control flow stack underneaitigl.

Append the run-time semantics given below to the current definition. The semantics will be incomplete until
orig2 is resolved (e.g., by(>resolve) ).

Run-time: (--)
If FCode-offsets negative:
Continue execution at the location specifiedlegt
If FCode-offsets non-negative:
Continue execution at the location given by the resolutiarigg.

NOTE—TheFCode-offsehegative case is used to implement the Forth wagdsn andrepeat . For repeat , the
FCode number fdo(>resolve) (resolving origl) immediately followsbbranch and its offset. In either casedest
corresponds to the precedingcmark) .

NOTE—TheFCode-offsehon-negative case is used to implement the Forth ®ised , in which case the FCode
number fob(>resolve) (resolving origl) immediately followsbbranch and its offset, and somewhat later another
b(>resolve) (resolving orig2) follows the sequence corresponding to the Forth source codelaéter

FCODE ONLY (Tokenized byagain , repeat , andelse )
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b?branch (don't-branch? --) F 0x14
(F: /FCode-offset/ --)
Conditional branch FCode. Followed BZode-offset

FCode evaluation: (F: /FCode-offset/ --)
ReadFCode-offsetwhose target is the matchibgcmark) orb(>resolve) , from the current FCode program.
If FCode-offsets negative, corresponding to a backward branch:  (C: dest orign .. origl -- orign .. origl )

Append the run-time semantics given below to the current definition, resolving the backward refesefden, if

the current definition is temporary and the depth of the control flow stack is the same as its depth when the temporary
current definition was initiated, perform the FCode evaluation semantigs) of and execute the temporary current
definition.

If FCode-offsets non-negative, corresponding to a forward branch:
If in interpretation state:  (x --)

If all bits of x are zero, read and disc&@ode-offse bytes (if theFCode-offsesize is 16 bits) oFCode-
offset-1 bytes (if the=Code-offsesize is 8 bits) from the current FCode program and take no further action.
Otherwise, take no further action.

If in compilation state: (C: --orig)

Put the location of a new unresolved forward referemigeonto the control flow stack. Append the run-time
semantics given below to the current definition. The semantics will be incompleterignid resolved (e.g., by
b(>resolve) ).

Run-time: (x--)
If FCode-offsets negative:

If all bits of x are zero, continue execution at the location specifiedeby
If FCode-offsets non-negative:

If all bits of x are zero, continue execution at the location specified by the resolutoig.of
NOTE—TheFCode-offsehegative case is used to implement the Forth wotil
NOTE—TheFCode-offsehon-negative case is used to implement the Forth woragsmdwhile .
FCODE ONLY (Tokenized byntil , while , andif )

b(buffer:) (E: -- a-addr) F 0xBD
(F: size --)
Defines type of new FCode functionlagfer:
FCode evaluation: (F: size --)
If instance  has been executed since the last executitugbuiffer:) , b(variable) , b(value) ,or

b(defer) , allocatesizebytes of storage in the current package’s zero-filled data area; otherwise, allocate the storage in
data space. Define the behavior of the most recently created FCode function to have the execution semantics given below.

Execution: (of defined word) (-- a-addr)
Returna-addr, the address of the storage associated with the defined word.
FCODE ONLY (Tokenized bybuffer: )

b(case) (sel--sel) F 0xC4
(F:-)

Begin acase (multiple selection) statement.

FCode evaluation: (F:--)
Perform the interpretation or compilation semanticsasfe .
FCODE ONLY (Tokenized byase )
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b(constant) (E:--n) F OxBA
(F:n--)
Defines type of new FCode function@mstant
FCode evaluation: (F:n--)
Define the behavior of the most recently created FCode function to have the execution semantics given below.
Execution: (of defined word) (--n)

Placen on the stack.
FCODE ONLY (Tokenized byonstant )

b(create) (E: -- a-addr) F 0xBB
(F:-)
Defines type of new FCode function@agate word.

FCode evaluation: (F:--)

If the data space pointer is not aligned, reserve enough data space to align it. This address defines the most recently
created word’s data fieltb(create)  does not allocate data space in the created word’s data field. Define the behavior
of the most recently created FCode function to have the execution semantics given below.

Execution: (of defined word) (-- a-addr)
Placea-addr, the address of the defined word’s data field, on the stack.
FCODE ONLY (Tokenized byreate )

b(defer) (E:...--722?) F 0xBC
(F:-)
Defines type of new FCode functiongefer word.
FCode evaluation: (F:--)
If instancehas been executed since the last executidufbofffer:) , b(variable) , b(value) , orb(defer)

allocate sufficient storage for an execution token in the current package’s initialized data area; otherwise allocate the
storage in data space. Set the initial value of that storage to the execution token for a definition that, if executed, will
display a message indicating execution of an unitialized defer word. Define the behavior of the most recently created
FCode function to have the execution semantics given below.

Execution: (of defined word) (...--???)
Execute the definition currently associated with the defined word.

The definition associated with the defined word can be changed later by placing the execution token of the new definition
on the stack and executing the FCode function corresponding to the selofiepceFCode# , whereFCodetis the
FCode number of the defined word.

FCODE ONLY (Tokenized bydefer )

b(do) (limit start --) F 0x17
(F: /FCode-offset/ --)
Begin FCodalo .. loop . Followed byFCode-offset

FCode evaluation: (F: /FCode-offset/ --)

ReadFCode-offsetwhose target is the matchibfjoop) orb(+loop) , from the current FCode program and perform
the interpretation or compilation semanticsiof

FCODE ONLY (Tokenized bydo)

b(?do) (limit start --) F 0x18
(F: /FCode-offset/ --)
Begin FCode?do .. loop . Followed byFCode-offset

FCode evaluation: (F: /FCode-offset/ --)

ReadFCode-offsetwhose target is the matchibfjoop) orb(+loop) , from the current FCode program and perform
the interpretation or compilation semanticdb .

FCODE ONLY (Tokenized by?do)
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begin (C: -- dest-sys) AT
(--)
Begin a conditional loop.
Interpretation: (C: -- dest-sys)

Enter compilation state, initiating a temporary current definition in a region of memory other than the data space. Then
perform the compilation semantics of ANS FABBEGIN.

Compilation: (C: -- dest-sys)
Same as ANS Forth.
Run-time: (--)

Same as ANS Forth.
Tokenizer equivalent: b(<mark)
ANS Forth note: Also works outside of a definition.

begin -package ( arg-str arg-len reg-str reg-len dev-str dev-len --)
Set up device tree, before creating new node.

Perform the following:

— Open the parent device (and all higher parents) epn-dev and the parameteev-string If the call to
open-dev returns a zero, terminate execution with an appropriate error message, asowtith .

— Setmy-self to the new parerbandle

— Set theactive packagéo the parent device.

— Callnew-device to open the child device node.

— Callset -args to set arguments for the child by using the paramaterstringandreg-string

dev-stringis the device path string (either a full device pathname, or a pre-defined device alias) of the parent of the child
node about to be created.

reg-stringis theunit addressstring (i.e., “3,1000") and contains the text representation of the physical address of the
child (within the address space of the parent device). The numerical representation of this physical address can be
returned within the child with they-address andmy-space FCodes.

arg-stringis theinstance-argumentstring and contains the value that can be returned within the child with the
my-args FCode.

Used as:0 0 " 3,2000" " /sbus" begin -package

behavior ( defer-xt -- contents-xt ) F OxDE
Retrieve execution behavior oflafer word.

This command is used to obtain the execution contentslefea word. A typical use would be to retrieve and save the
execution behavior of thdefer word, set thelefer word to a new behavior, and then later restore the old behavior.

Used as: ['] defer-name behavior ( contents-xt)

bell (--0x07) F OxAB
ASCII code for “bell” character.

b(endcase) ( sel | <nothing> --) F 0xC5
(F:--)

End acase (multiple selection) statement.

FCode evaluation: (F:--)
Perform the compilation semanticsesfdcase .
FCODE ONLY (Tokenized byendcase )
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b(endof) (--) F 0xC6

(F: /FCode-offset/ --)
FCode forendof in case statement. Followed yCode-offset

FCode evaluation: (F: /FCode-offset/ --)

ReadFCode-offsetwhose target is the matchib¢endcase) , from the current FCode program and perform the
Compilation semantics @ndof .

FCODE ONLY (Tokenized byendof )

between ( n min max -- min<=n<=max? ) F 0x44

Returntrue if nis betweemmin andmax inclusive.

b(field) (E: addr -- addr+offse t) F OxBE

(F: offset size -- offset+size )
Defines type of new FCode functionfasd

FCode evaluation: (F: offset size -- offset+size )

Define the behavior of the most recently created FCode function to have the execution semantics given below. Return the
sum ofoffsetandsize

Execution: (of defined word) (addr -- addr+offset )
Return the sum adddr andoffset
FCODE ONLY (Tokenized byield )

bl (--0x20) AF OxA9
ASCII code for “ " (blank) character.
blank (addrlen --) AT
Setlen bytes beginning a&ddr to the value 0x20.
Tokenizer equivalent: bl fill
b(leave) (F:--) F 0x1B
Exit from ado ... loop
FCode evaluation: (F:--)
Append the execution semanticdedive to the current definition.
FCODE ONLY (Tokenized byeave )
blink -screen (--) F 0x15B
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defer , flash the screen.

blink -screen is one of thalefer words of the display device interface. The terminal emulator package executes
blink -screen when it has processed a character sequence that calls for ringing the console bell, but the console input
device package has norfg -bell " method.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Cause some momentary discernible effect, afterwards leaving the screen in the same state as before.
See also:to , fb8 -install
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b(lit) (--n) F 0x10
(F: /IFCode-num32/ --)
Numeric literal FCode. Followed ByCode-num32

FCode evaluation: (F: /IFCode-num32/ --)

Read ar-Code-num32rom the current FCode program. If in interpretation state, perform the run-time semantics
given below. If in compilation state, append the run-time semantics given below to the current definition.

Run-time: (--n)
Returnn, the signed number with the same numerical value @CGbde-num32
FCODE ONLY (Tokenized by numbers)

bljoin (bl.lo b2 b3 b4.hi -- quad ) F Ox7F
Join four bytes to form a quadlet.

The high bits of each of the four bytes must be zero.

“block ” S
Random-access, block-oriented device type.

Standard string value of theévice_type ” property for disk (i.e., random-access, fixed-length block storage) devices.
A standard package with thidévice_type " property value shall implement the following methods.
open, close ,read ,seek ,load

A standard package with thidévice_type " property value should implement the following method if the associated
device is writeable.

write
A standard package with thidévice_type " property value may implement additional device-specific methods.

NOTE—Such packages often use tlideblocker " support package to implement tread , write , andseek
methods and thedisk -label ” support package to implement tbad method.

block-size ( -- block-len) M
Return “granularity” for accesses to this device.

Return the “granularity” in bytes for accesses to this device. Perform all transfers to the device in multiples of this size.

A returned value of 1 signifies that arbitrary transfer sizes are supported (up to the maximum specified by
max-transfer ).

b(loop) (--) F 0x15
(F: /FCode-offset/ --)

End FCoddlo .. loop . Followed byFCode-offset

FCode evaluation: (F: /FCode-offset/ --)

ReadFCode-offsetwhose target is the matchib¢do) orb(?do) , from the current FCode program and perform the
compilation semantics ébop . Then, if the current definition is temporary and the depth of the control flow stack is the
same as its depth when the temporary current definition was initiated, perform the FCode evaluation setghtics of
and execute the temporary current definition.

FCODE ONLY (Tokenized byoop )

b(+loop) (delta --) F 0x16
(F: /FCode-offset/ --)
End FCodalo .. +loop . Followed byFCode-offset

FCode evaluation: (F: /FCode-offset/ --)
ReadFCode-offsetwhose target is the matchib¢do) orb(?do) , from the current FCode program and perform the

compilation semantics efloop . Then, if the current definition is temporary and the depth of the control flow stack is the

same as its depth when the temporary current definition was initiated, perform the FCode evaluation setghtics of
and execute the temporary current definition.

FCODE ONLY (Tokenized by+-loop )
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b(<mark) (F:--) F 0xB1
Target of backwar@branch orb?branch .

FCode evaluation: (F:--)
Perform the interpretation or compilation semanticsegfin .
FCODE ONLY (Tokenized byegin )

body> (a-addr -- xt) F 0x85
Convert data field address to execution token.

>body (xt-- a-addr) AF 0x86
Convert execution token to data field address.

b(of) ( sel of-val -- sel | <nothing>) F 0x1C
(F: /FCode-offset/ --)
FCode forof incase statement. Followed HyCode-offset

FCode evaluation: (F: /FCode-offset/ --)

ReadFCode-offsetwhose target is the matchib@endof) , from the current FCode program and perform the
compilation semantics aff .

FCODE ONLY (Tokenized byof )

boot ( "{param-text}<eol>" --)
Load and execute a program, specifiegpphyam-text
Perform whatever system-dependent steps are necessary to ensure a suitable state for booting, in the event that user

actions have interrupted the normal start-up procedure. Then perform the fundbiad oh order to load a client
program from the device specified by the command line arguments.

If the loading process succeeds, perform the functigodb execute the client program.
Used as:

ok boot

ok boot device-specifier
ok boot arguments

ok boot device arguments

boot -command (--addrlen) N
Command executed #uto -boot? istrue .

The value of this configuration variable is a string that is evaluated asweithate
Configuration variable typestring[32]. Suggested default valuéoot .

boot -device ( -- dev-str dev-len) N
Defaultdevice-naméor boot , if diagnostic  -mode? isfalse

dev-stringis adevice-specifieor a list ofdevice-specifiersas described iload .
Configuration variable typestring[32]. Suggested default valuelisk .

boot -file (-- arg-str arg-len ) N
Defaultargumentdor boot , if diagnostic  -mode? isfalse

Configuration variable typestring[32]. Suggested default value: an empty string.

“bootargs ” S
Standardgproperty namesontaining the chosen boot commanguments
prop-encoded-array:
Text string, encoded withncode -string

This property appears in thehosen node if aboot orload command has been issued since the firmware was last
reset. Its value is thergumentsdield of the most recertoot command.
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“bootpath ” S
Standardgproperty nameontaining the chosen bodevice path

prop-encoded-array
Text string, encoded withncode -string

This property appears in thehosen node if aboot orload command has been issued since the firmware was last
reset. Its value is the complatevice pattto which thedevice-specifieof that command was resolved.

bounds (necnt--n+cntn) F OxAC
Prepare arguments fdo or ?do loop.

Equivalent to: over + swap

+bp (addr--)
Add the given address to the breakpoint list.

-bp (addr--)
Remove the breakpoint at the given address.

--bp (-)

Remove most recently set breakpoint (repeat if desired).

.bp ()

Display a list of all locations that are breakpoints.

bpoff (--)
Remove all breakpoints from the breakpoint list.

.breakpoint (--)
Action performed when breakpoint occurs.

Execute this command whenever a breakpoint occurs. The default behavioiristthetion command.

.breakpoint is adefer command, alterable with the command. For example, the following example shows how
to display registers at every breakpoint.

Use as:[1] .registers to .breakpoint

b(>resolve) (--) F 0xB2
(F:-)
Target of forwardbranch orb?branch .
FCode evaluation: (F:--)

Perform the compilation semanticstbén . Then, if the current definition is temporary and the depth of the control flow
stack is the same as its depth when the temporary current definition was initiated, perform the FCode evaluation semantics
of b(;) and execute the temporary current definition.

FCODE ONLY (Tokenized byelse , then , andrepeat )

bs (--0x08) F OxAA
ASCII code for “backspace” character.
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b(to) (x--) F 0xC3
(F: /FCode#/ --)
FCode for settingalue s anddefer s. Followed byCode#

FCode evaluation: (F: /FCode#/ --)
ReadFCode#from the current FCode program.
If in interpretation state:

Perform the execution semantics given below.
If in compilation state:

Append the execution semantics given below to the current definition.
Execution: (x--)

Set the value associated with the definition correspondiR@Gtule#to x. The interpretation of x and the method of
storage depend on the type (eglye ordefer ) of the definition being stored to.

FCODE ONLY (Tokenized byo )

buffer: (E: -- a-addr) T
(len "new-name< >" --)
Creates a named data buffeew-nameaeturns address.
Creates a data variable nammemiv-nameand allocates a data bufferlef bytes (usinglloc -mem). Upon later
execution ohew-namereturn the addressaddrof the first byte of the buffer.
Used as: ok 100 buffer: new -name
Later used as: 55 new -name 20 + c!
Tokenizer equivalent: new-token [named-token |external -token b(buffer:)
In FCode sourceyuffer: cannot be used inside a colon definition.
NOTE—The memory allocated byuffer:  is not suitable for DMA.

b(value) (E:--x) F 0xB8
(F:x--)
Defines type of new FCode function\adue .
FCode evaluation: (F:x--)
If instance  has been executed since the last executitugbuiffer:) , b(variable) , b(value) ,or

b(defer) , allocate one cell of storage in the current package’s initialized data area; otherwise, allocate the storage in
data space. Set the initial value of that cek.tBefine the behavior of the most recently created FCode function to have
the execution semantics given below.

Execution: (of defined word) (--x)

Return the valug associated with the defined word.

The value associated with the defined word can be changed latdx(tith .
FCODE ONLY (Tokenized byalue )

b(variable) (E: -- a-addr) F 0xB9
(F:-)
Defines type of new FCode functionaiable
FCode evaluation: (F:--)
If instance  has been executed since the last executidafbofffer:) , b(variable) , b(value) ,or

b(defer) , allocate one cell of storage in the current package’s initialized data area; otherwise, allocate the storage in
data space. Set the initial value of that cell to zero. Define the behavior of the most recently created FCode function to
have the execution semantics given below.

Execution: (of defined word) (-- a-addr)
Placea-add, the address of the allocated cell, on the stack.
FCODE ONLY (Tokenized byariable )

bwjoin (b.lo b.hi--w) F 0xBO
Join two bytes to form a doublet.

The high bits of each of the two bytes must be zero.
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“ byte ” S

Sequential-access, record-oriented device type.

Standard string value of theévice_type ” property for tape (i.e., sequential-access, record-oriented storage) devices.
A standard package with thidévice_type " property value shall implement the following methods.
open, close ,read ,seek ,load

A standard package with thidévice_type " property value should implement the following method if the associated
device is writeable.

write
A standard package with thidévice_type " property value may implement additional device-specific methods.
Additional Requirements for tteeek method:

Seek to the byte numberpds.lowithin the tape filgos.hi If pos.loandpos.hiare both zero, rewind the tape.
Returnfalse if successfultfrue if not successful.

Additional Requirements for tHead method:
Read a client program from the tape file specified by the value aigtemce-argumertext string (as returned by
my-args ). That value is the string representation of a decimal integer. itist@nce-argumergtring is empty, use
tape file zero.
Place the program at memory addraddr and return its lengtken.

NOTE—Such packages often use tlideblocker " support package to implement tread , write , andseek
methods.

byte -load (addr xt --) F 0x23E

c!

Interpret FCode beginning at locatiaddr.

Save the state of the FCode evaluator, including the location of the next byte to be interpreted, the internal state variable
fcode-endthe size ofFCode-offsetsthe assignments of FCode numbers to program-defined FCode functicsp et
value, and the specification of the current FCode access procedure.

Set the internal state variabide-endo false. Sespread the initial distance between successive FCode bytes, to one.

If xtis one, set the FCode access procedure@. Otherwise, set the FCode access procedure to the definition whose
execution token ist.

Assign the FCode functidierror  to all FCode numbers in the program-defined range. Evaluate the FCode program,
reading successive FCode bytes by repeated execution of the FCode access procedure as described below, continuing
evaluation untifcode-enchecomes true (e.g.,as a result of the executiemd® ).

The stack effect of the FCode access procedure is ( addrl -- byte Jadtetés a number that selects the FCode byte
byte its precise meaning depends on the FCode access procedure. The first time that a particular invocation of
byte -load executes the FCode access procedwddrlis the same aaddr. Each subsequent timagdrl exceeds the
previous value oaddrlby the current value afpread

When evaluation of this FCode program ceases, ahifcav that is not caught at a lower level is executed during the
FCode evaluation, restore the state of the FCode evaluator to the saved values.

NOTE—byte -load does not itself create a new device node as a “container” for any properties and methods defined by
the FCode program thhyte -load evaluates. If, as is commonly the case, it is desireable to create such a device node,
that must be done as a separate step, for example by exemuirdpvice andset -args before executing

byte -load , and by executinfinish -device afterwards. Ibyte -load is to be executed as a user interface
command, instead of as an FCode function, additional setup is usually necessary before exveutéwice ; see

begin -package for more information.

( byte addr --) AF 0x75
Store byte taddr.

See: rb! .

( byte --) AF 0xDO0
Compile a byte into the dictionary.

(code-sys --)
End creation of machine-code command; will return to caller.

Assemble code so that the created machine-code command, when executed, returns control to the calling routine.
code-syss balanced by the correspondimmde or label

123



IEEE
Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

lc (--n) F Ox5A
The number of address units to a byte: one.

[c* (nul--nu2) T
Synonym forchars .

Tokenizer equivalent chars

c@ (addr -- byte ) AF 0x71
Fetch byte fromaddr.

See: rb@.

ca+ (‘addrl index -- addr2 ) F Ox5E
Incrementaddrl by indextimes the value ot .

cal+ (addrl -- addr2) T
Synonym forchar+ .

Tokenizer equivalent: char+

callback ( "service-name< >" "arguments<eol>" --)
Execute specified client program callback routine.

Skip leading space delimiters. Passevice-namelelimited by space. Paraegumentslelimited by end-of-line. If a client
program callback handler has not been installed (as witbetheallback client interface service), signal an error by
executinghrow with a system-dependent nonzero argument. Otherwise, call the client program callback handler with an
argument array containing the following items:

Cell Name Contents

service The address of a null-terminated string contairsi@exyice-name.
N-args 1

N-returns 1

argl The address of a null terminated string contaimirguments.
retl <One uninitialized return value cet.

When the handler returnthrow the value returned in thetl cell.

NOTE—With an argument of zerthrow is effectively ano-og thus, to return successfully, the application callback
handler should return a zero in ttel cell.
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$callback (argn ... argl nargs addr len -- retn ... ret2 Nreturns-1)
Execute specified client program callback routine.
If a client program callback handler has not been installed (as wiletfeallback client interface service), signal

an error by executinthrow with a system-dependent nonzero argument. Otherwise, call the client program callback
handler with an argument array containing the following items:

Cell Name Contents

service The address of a null-terminated string containingafhy@ication callback
service-namelefined byaddr, len

N-args nargs

N-returns <An integer with minimum value 6. See below.>

argl, ..., argN argl ... argn

retl, ..., retN <A minimum of 6 uninitialized return value cells. See below.>

The argument array shall have at least six cells available for return valués, @tgrnsshall be set to the number of
such cells before calling the handler.

When the handler returniirow the value contained in thietl cell. Ifthrow returns (i.e., ifetl contained zero),
push onto the data stack the return vahedd (pushed first) througtet2 (pushed last), followed by the number of return
values, which is one less than the value contained iN theturnscell.

NOTE—The value inN_returnsafter the handler returns will not necessarily be the same as the value that was placed
there prior to calling the handler. Prior to calling the handler, it indicates the number of available cells for return values,
and after calling the handler, it indicates the number of return cells actually returned by the handler.

$call -method (... method-str method-len ihandle -- ???) F 0x20E
Execute the method nametkthod-stringn the instancéhandle

Save the value ahy-self , setmy-self toihandle(thus makinghandlethe current instance), execute the indicated
method, and restoray-self  to the saved value. If the called package has no such method, signal an ertfmowith

call -package (... xtihandle -- ???) F 0x208
Execute the methoxt within the instancéhandle

Save the value ahy-self , setmy-self toihandle(thus makinghandlethe current instance), execute the metkipd
and restoreny-self  to the saved value.

xtis typically obtained wittiind -method .

$call -parent (... method-str method-len -- ??7?) F 0x209
Execute the method nametkethod-stringn the parent instance.

Equivalent to:my-parent  $call -method
If the called package has no such method, signal an errothndtlv .

.calls (xt--)
Display all commands which use the execution tokken

Used as:['] test-name .calls
NOTE—Only direct usages are found. Thusmyd@me2 callsnamel andname3 callsname2, then:

[1namel .calls
will list name2 but notname3.

carret (--0x0D) T
ASCII code for “carriage-return” character.

Tokenizer equivalent: b(lit) 00 00 00 0x0D
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case (C: -- case-sys) AT
(sel--sel)
Begin acase (multiple selection) statement.
Interpretation: (sel--sel)

Enter compilation state, initiating a temporary current definition in a region of memory other than the data space. Then
perform the compilation semantics of ANS FOIASE

Compilation: (C: -- case-sys)
Same as ANS Forth.
Run-time: (sel--sel)

Same as ANS Forth.
Tokenizer equivalent: b(case)
ANS Forth note: Also works outside of a definition.

catch (... xt--??? error-code | ??7? false ) AF 0x217

Execute command indicated kiy Returnthrow result.

The value ofmy-self  shall be included within the exception frame.
ANS Forth note: also savemy-self

cell+ (addrl -- addr2) AF 0x65

Incrementaddrl by the value ofn .

cells (nul--nu2) AF 0x69

Multiply nulby the value ofn .

char ("text< >" -- char) A

Generate ASCII code for next character from input buffer.

char+ (addrl -- addr2) AF 0x62

Incrementaddrl by the value ofc .

[char] (C: [text< >] --) AC

(--char)
Generate ASCII code for next character from input buffer.

“character -set ” S

126

Standardgproperty nameo specify the character set for this device.

prop-encoded array
Text string, encoded withncode -string

This standard property applies to packages implemendegce_type 7, “serial 7, or “display ". The value of
this property defines the character set for this device. A typical vall®@8859-1 ". The character set names are as
defined by the X Registry for use with the X Window System.

Used as:" ISO8859-1" encode-string " character-set" property
For more information about the X Registry contact:

Bob Scheifler

Laboratory for Computer Science
545 Technology Square
Cambridge, MA 02139
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char -height (-- height) F 0x16C

value , return the height of a font character in pixels.
char -height is avalue thatis used by theli1 ” and ‘b8 " frame-buffer support packages. It denotes the height of
a character in pixels.

Any standard package that uses one of the frame-buffer support packages shall@ekthiprior to executing either
fbl -install orfb8 -install . That is typically done by executisgt -font

chars (nul--nu2) AF 0x66

Multiply nulby the value ofc .

char -width (-- width ) F 0x16D

value , return the width of a font character in pixels.
char -width is avalue that is used by thelil " and ‘b8 " frame-buffer support packages. It denotes the width of a
character in pixels (the frame-buffer support packages use fixed-width fonts, thus all characters are the same width).

Any standard package that uses one of the frame-buffer support packages shallaekthiprior to executing either
fbl -install orfb8 -install . That is typically done by executisgt -font

child ( phandle.parent -- phandle.child ) F 0x23B

Return the phandle of the first child node of parent.

Phandle.childs the node identifier of the node that is the first child of the device pluatedle.parentor zero if there are
no children.

“/chosen " S

The node containing run-time choices

See:3.5for a complete description.

claim ([addr ... ] size ... align -- base ...) M

Allocate (claim) addressable resource.

Allocatessize ...(whose format depends on the package) bytes of the addressable resource managed by the package
containing this method. Hlign is zero, the allocated range begins at the adadihs... (whose format depends on the
package). Otherwiseddr ...is not present, and an aligned address is automatically chosen. The alignment boundary is
the smallest power of two greater than or equal to the valakégof analign value of 1 signifies one-byte alignment.

Base ..(whose format is the sameaddr ..) is the address that was allocated (equaldr ...if align was 0).

If the operation fails, uséhrow to signal the error.
Claim does not automatically create an address translation for the allocated resource. See 3.6.5

NOTE—This method provides fine-grained control over the allocation of addressable resources. In general, such control is
needed only by system-specific programs. General-purpose memory allocation can be accomplished in a portable fashion
byalloc -mem

See also:alloc -mem, “available ", free-mem , release

clear (...--)

Empty the stack.

This command is useful as a development tool. However, it is almost always inappropriate to use this command in a
program.

close (--) M

Close this previouslgpen ed device.

Restore the device (which has been previoapbn ed) to its “not-in-use” state. Typical behavior is to turn off the device,
unmap it, and deallocate any resources that were allocatgukby

Any standard package that hasogren method shall also haveckbse method.

NOTE—When closing an instance chain, a particular instarcte&® method is executed before its parent instances
are closed, so the parent’s methods can still be used during the executaseof
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close -dev (ihandle --)
Close device and all of its parents.

close -package (ihandle --) F 0x206
Close the specified package instance.

Close the instance identified Byandleby calling the packagetdose method and then destroying the instance.

code (E:...--722?) A
("new-name< >" -- code-sys )
Begin creation of machine-code command cafled-name
Interpret commands which follow as assembler mnemonics.
Note that if the assembler is not installedde is still present, except that machine-code must be entered into the

dictionary explicitly by value, i.e., with, , w,, |, , and , .
The machine-code command is terminated bycther end-code commands.
Used as:

ok code new -name
ok (‘assembler mnemonics)
ok c;

Later used as:
new-name ( execute machine-code)
code-syss balanced by the correspondirig or end -code .

column# (-- column#) F 0x153
value , return the current cursor column number.

Return the current horizontal position of the text cursor.

NOTE—A value of zero represents the leftmost cursor position dettiavindownot the leftmost pixel of the frame-
buffer.

See: window -left  for more details.

#columns (-- columns) F 0x151
value , return number of columns of texttext window

#columns is avalue that is part of the display device interface. Tdmninal emulatopackage uses it to determine
the width (number of character columns) of the text region that it managesbIhednd b8 " frame-buffer support
packages also use it for a similar purpose.

Any standard package that uses the terminal emulator package shall, during the executioperi itsifethod (see
is -install ), set thisvalue to the desired width of the text region (perhaps, but not necessarily, by executing
fbl -install orfb8 -install ).

See also to , fb8 -install

comp (addrl addr2 len -- n) F Ox7A
Compare two strings of lengtén.

Compare the string specified bgdrlandlen to the string specified bgddr2 andlen. The strings are compared,

beginning at the given addresses, character by character up to thddangttuntil a difference is found. If the two

strings are identical, thenis zero. Otherwise is negative one if the first unmatching character in the string beginning at
addrlhas a lesser numeric value than the corresponding character in the string begmehing athereas is one if the

first unmatching character in the string beginningdairl has a greater numeric value than the corresponding character in
the string beginning addr2
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“compatible S
Standardgroperty nameo define alternaterfame” property values.

prop-encoded-array
The concatenation, wittncode+ , of an arbitrary number of text strings, each encodedemitiode -string

Specifies a list of devices with which this device is compatible. This is used by a client program when it is trying to
determine the appropriate driver for this device, in case the client program has no driver matching the value of the
“name” property.

The text strings of which this property value is composed follow the same conventions and limitations as the value of the
“name” property.

A client program, when searching for an operating system driver for the device represented by a device node containing
this property, should do the following:

First look for a driver matching this device'sdme” property.

If no match is found, look for a driver matching the first text string in toerfpatible " property. Failing that, try
the second text string, and so on.

Used as:
" XYZCO,dev-name" encode -string
" ABCCO,my-dev" encode -string encode+
" RST,dev21-typed4" encode -string encode+

" compatible" property

NOTE—The “compatibility” of a client program’s device driver with a specific piece of hardware is ultimately
determined by the manufacturers of the client program software and the hardwarendebizc®pen Firmware. When an
FCode program “registers” @dmpatible " property with Open Firmware, the manufacturer of that hardware is

sending a “hint” to client program software saying that this specific piece of hardware is either substantially similar to or
identical with the hardware device(s) named by t@ipatible " property. This might be done to help the client

program software choose a device driver when it would not recognize the contentsnaintieg jroperty as a supported
device, but would recognize an alternatarhe” within the “compatible ” property.

compile (--) C
Compile following command at run time.

Used within a colon definition. When the colon definition is later executed, append the execution semantics that
immediately follow those afompile within the definition that containsompile to the current definition.

compile, (xt--) AF 0xDD
Compile the behavior of the word given Xty

[compile] ( [old-name< >] --) AC
Compile the immediately following command.

constant (E:--x) AT
( X "new-name< >" --)
Create a named constanéw-nameeturns value.
Tokenizer equivalent: new-token |named-token |external -token b(constant)
ANS Forth/tokenizer difference: In FCode source&onstant cannot appear inside a colon definition.

2constant (E:--x1x2) A
(X1 x2 "new-name< >" --)
Create a named two-number constant.
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control ([text< >] -- char) T

Generate control-code for the immediately following character.

Generate control-codes by calculating the ASCII code for the following character and setting all but the lower five bits to
zero. For example, either cbntrol B orcontrol b will leave the value 0x02 on the stack.

Interpretation: ([text< >] -- char)

Skip leading space delimiters. Patsgtdelimited by a space. Put the integer value of the least significant 5 bits of the
first character ofexton the stack.

Compilation: ([text<>]--)

Skip leading space delimiters. Patsgtdelimited by a space. Append the run-time semantics given below to the current
definition.

Run-time: (--char)

Placechar, the integer value of the least significant 5 bits of first charactexpion the stack.
Used as: control Boo ( 0x02)

Tokenizer equivalent: b(lit) 00 00 00 xx -byte

count ( pstr -- strlen) AF 0x84

Unpack a counted string to a text string.

cpeek (‘addr -- false | byte true ) F 0x220

Attempt to fetch the byte addr.

Return the data artdue if the access was successfulfalse return indicates that a read access error occurred.

cpoke ( byte addr -- okay? ) F 0x223

Attempt to store the byte &xdr.

Returntrue if the access was successfulfalse return indicates that a write access error occurred.

cr (--) AF 0x92
Subsequent output goes to the next line.
Terminate a line on the display and move the cursor to the beginning of the next line. The actual control codes issued are
implementation-dependent.
(cr (--) F 0x91
Output the carriage-return charactercarret  (0x0D).
NOTE—The most common use f@er is for reporting the progress of a test that has many steps. By(osingstead
of cr , the progress report appears on a single line instead of scrolling.
create (E: -- a-addr) AT
("new-name< >" --)
Create a new command; behavior set by further commands.
NOTE—Since FCode has no function that is equivalent to ANS Falltiés> , create cannot be used in conjunction
with does> in FCode source. However, it is still useful for arrays of initialized data, in which case it is typically followed
by sequences of functions like , w,, and, , taking care to ensure proper address alignment.
Tokenizer equivalent: new-token |named-token |external -token b(create)
ANS Forth/tokenizer difference: In FCode sourcereate cannot appear inside a colon definition.
$create (E: -- a-addr)
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ctrace (--)

Display saved call stack, showing subroutines calls and arguments.

Display the subroutine call stack that was in effect when the program state was saved (i.e., when the program was
suspended). The format of the display is implementation-dependent.

d# ([number< >] --n) T
Interpret the following number as a decimal number (base ten).
Interpretation: ([number< >] --n)
Skip leading space delimiters. Parsgnberdelimited by a space. Convert the strmgnberto an integen using a
conversion radix of ten. Paton the stack. An ambiguous condition exists if the conversion fails.
Compilation: ([number< >] --)
Skip leading space delimiters. Parsenberdelimited by a space. Convert the strimgnberto an integen using a
conversion radix of ten. Append the run-time semantics given below to the current definition. An ambiguous
condition exists if the conversion fails.
Run-time: (--n)
Placen on the stack.
The number is interpreted in decimal regardless of the current vadbaseén The value obase is unchanged.
Used as:d# 1001 (1001)
Tokenizer equivalent: b(lit) xx -byte xx-byte xx-byte xx -byte
d+ (d1d2--d.sum) AF 0xD8
Add d1 to d2 giving double-numbed.sum
d- (d1d2 --d.diff ) AF 0xD9
Subtracid2 from d1 giving double-numbed.diff.
d (n--) T
Display a signed number (and space) in decimal.
Ignore the value ibase and leave it unchanged. Also display a single trailing space.
Tokenizer equivalent: base @ swap 10 base ! . base !
“deblocker ” S
Support package; handles byte 1/0O for block-oriented devices.
See: 3.8.3.
debug ("old-name< >" --)

Mark the commandld-namefor debugging.

Used as: ok debug old -name

Subsequent attempts to execute that command enter the Forth source-level debugger. A standard system that implements
this feature may allow several commands to be marked for debugging simultaneously, but only one is required.

During the execution of a debugged command, before the execution of each command called by the debugged command,
display the contents of the stack followed by the name of the command that is about to be executed.

Debugging occurs in either “step mode” or “trace mode”, controlled bgt#pping andtracing commands. “Step
mode” allows the user to control the progress of execution, whereas “trace mode” causes execution to continue
automatically (but with calling information displayed).

NOTE—Debug mode can be turned off with thebug -off command.
NOTE—The system does not necessarily operate at full speed when one or more commands are marked for debugging.

Debugging basic Forth commands (which could have been used in the implementdébuagf is not recommended.
The system may ignore requests to debug words that are “unsafe” to debug.
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(debug (xt--)
Mark the command indicated byfor debugging.

See: debug for more information.

debug -off (--)
Turn off the Forth source-level debugger.

decimal (--) AT
Set numeric conversion radix to ten.
Tokenizer: If decimal is encountered in FCode source outside a definition, set the tokenizer's numeric conversion

radix to ten. Ifdecimal is encountered in FCode source inside a definition, append the following sequence to the FCode
program that is being created.

Tokenizer equivalent: 10 base !
ANS Forth/tokenizer difference: ANS Forth has no separate “tokenizing” behavior.

decode-bytes ( prop-addrl prop-lenl data-len -- prop-addr2 prop-len2 data-addr datk-len )
Decode a byte array frompaop-encoded-array

Return the remainder of the arpagop-addr2 prop-lenzand the decoded byte arrdgta-addr data-len
Tokenizer equivalent: >r over r@ + swap r@ - rot r>

decode -int ( prop-addrl prop-lenl -- prop-addr2 prop-len2 n) F 0x21B
Decode a number frompop-encoded-array

Decode a quadlet number from the beginning of the gm@y-addrl prop-lenlreturn the remainder of the arnasop-
addr2 prop-len2and the decoded numbrer

decode -phys ( prop-addrl prop-lenl -- prop-addr2 prop-len2 phys.lo ... phys.hi [ 0x128
Decode a unit address from a prop-encoded-array.
Theunit addresss a list of cells denoting a physical address, encoded as defiarddde -phys . decode -phys

decodes that list from the beginning of grep-encoded arragenoted byrop-addrl prop-lenlreturning the remainder
of the arrayprop-addr2 prop-lenznd the list of address componepitys.lo... phys.hi

The number of cells in the liphys.lo... phys.hiis determined by the value of thaddress -cells  property of the
parent node.

decode -string ( prop-addrl prop-lenl -- prop-addr2 prop-len2 str len ) F 0x21C
Decode a string from prop-encoded-array
Decode a (null-terminated) string from the beginning of the gmmag-addrl prop-lenlreturn the remainder of the array

prop-addr2 prop-lenznd the decoded strirsgr len lenreflects the length of the decoded string not including the null
terminator.

decode -unit (‘addr len -- phys.lo ... phys.hi) M
Convert text unit-string to physical address.
Convertunit-string, the text string representation,pbys.lo... phys.hj the numerical representation of a physical address

within the address space defined by this device node. The number of cells inghgdiki... phys.hiis determined by
the value of théfaddress -cells  property of this node.

decode -unit is a static method.
Used as:" 3,4000" decode -unit ( ff004000 d4000003 )

default -font ( -- addr width height advance min-char #glyphs ) F O0x16A
Return the font parameters for the default system font.

Used as:default -font (...) set -font
See also set -font
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defer (E:...--722?) T
("new-name< >" --)
Create a command with alterable behavior; alter toith
Skip leading space delimiters. Parmssv-namedelimited by a space. Create a definitionrfew-namewith the execution

semantics defined below, initially associating with it a definition that displays a message indicating execution of an
unitializeddefer word.

The definition associated wittew-name can be changed later by placing the execution token of the new definition on
the stack and executing the phrés@ew -name.

new-names referred to as defer word.

Used as: ok defer new-name ( create new command)
Execution: (ofnew-namg (...--???)
Execute the definition currently associated wigw-name

Later used as:

[1old-name to new-name ( load with old command)
new-name ( execute new command, behavior is old command)

In FCode sourcalefer cannot appear inside a colon definition.
Tokenizer equivalent: new-token |named-token |external -token b(defer)

delete -characters (n--) F Ox15E
defer , deleten characters to the right of the cursor.
delete -characters is one of thelefer words of the display device interface. The terminal emulator package

executeslelete -characters when it has processed a character sequence that requires the deletion of characters to
the right of the cursor.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Move the remainder of the line to the left to fill the deleted positions and eraseighémost columns in the line
without moving the cursor.

See also:to , fb8 -install

delete-lines (n--) F 0x160
defer , deleten lines at and below the cursor line.
delete-lines is one of thelefer words of the display device interface. The terminal emulator package executes
delete-lines when it has processed a character sequence that requires the deletion of lines of text below the line

containing the cursor.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Move the following lines up to fill the deleted portions and erase times at the bottom without moving the cursor.
See also:to , fb8 -install

delete -property ( name-str name-len --) F Ox21E
Delete the named property in thetive package

If the named property does not exist in #utive packagetake no action.

depth (--u) AF 0x51
Return count of items on the stack.

dev ( "device-specifier<eol>" -- )
Make the specified device node tetive package

Parsedevice-specifiedelimited by end of line. Perform the equivalenfiofl -device with device-specifieas its
argument.

Used as: ok dev device-specifier <eol>
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devalias ( "{alias-name}< >{device-path}<eol>" --)

Create device alias or display current alias(es).

If alias-nameanddevice-pathare specified, create a device alias naaled-namerepresentinglevice-path
If an alias with the same name already exists, the new value supersedes the old.
Used as: ok devalias alias-name /full/pathname

If only alias-names specified, display the device-path correspondirgiés-name(if this alias exists). If nothing is
specified aftedevalias , display all current existing device aliases.

device -end (--)

Unselect theactive packageleaving none selected.

device -name (strlen--) F 0x201

Create theriame” property, value is indicated string.

Shorthand command to create a property irettive packagevhoseproperty names “name”.
Equivalent to: encode -string " name" property
Used as:" XYZCO,my-dev-name" device -name

device -type (strlen--) F Ox11A

Create tevice_type " property, value is indicated string.

Shorthand command to create a property irattive packagevhoseproperty names “device_type
Equivalent to: encode -string " device_type" property

Used as:" block" device -type

See: “device_type " glossary entry for more information.

NOTE—There is a spelling difference between the name of the propdeyi¢e_type ") and the name of the
command that can be called to createdefice -type ")

“device_type ” S

Standardgproperty nameo specify the implemented interface.

prop-encoded-array
Text string encoded witencode -string

Specifies the “device type” of this package, thus implying a specific set of package class methods implemented by this

package.
See:3.4.5 for more information and for a list of supported string values for this property and their meanings.

NOTE—This property can be created wiitoperty  or withdevice -type . Note the spelling difference between the
property name (fevice_type ") and the command namdeévice -type ”. This is an historical accident. The
property name should have beelevVice -type " for consistency with the naming conventions generally used herein,
but changing the property name would have resulted in compatibility problems for little payback.

This standard defines the followinigvice types“block ” “byte ” “display " “network " “serial

Used as:" network"” encode -string " device_type" property

diag -device ( -- dev-str dev-len) N

Defaultdevice-naméor boot , if diagnostic  -mode? istrue .

dev-stringis adevice-specifieor a list ofdevice-specifiersas described iload .
Configuration variable typestring[32]. Suggested default valueet .

diag -file (-- arg-str arg-len ) N

134

Defaultargumentdor boot , if diagnostic  -mode? istrue .

Configuration variable typestring[32]. Suggested default valueliag .



IEEE
CORE REQUIREMENTS AND PRACTICES Std 1275-1994

diagnostic  -mode? (--diag?) F 0x120
If true , boot from diag sources and perform longer self-tests.

diagnostic  -mode? controls several aspects of machine function, described next.

During bootingdiagnostic  -mode? controls the choice of boot device and boot file, if not specified ibdbe
command. Idiagnostic  -mode? istrue , the default boot device is specifieddigg -device and the default
boot file is specified bgiag -file . If diagnostic -mode? isfalse , the default boot device is specified by
boot -device and the default boot file is specified byot -file

During machine power-omliagnostic  -mode? controls the extent of system self-test and controls the amount of
informative messages displayeddidgnostic  -mode? istrue , more extensive tests are performed and more
messages are displayed. The details of self-test, however, are implementation-dependent.

FCode programs can udegnostic  -mode? to control the extent of the self-tests performed. While the specifics of
use are controlled by the FCode program itself, the recommended use is described in the preceding paragraph. In other
words, ifdiagnostic  -mode? istrue , more extensive tests are performed and more messages are displayed.

diagnostic  -mode? will returntrue if any of the following conditions are met:

— diag -switch? istrue
— machine diagnostic switch (system-dependent) is ON
— other system-dependent indicators request extensive diagnostics

diag -switch? (--diag?) N
If true , diagnostic -mode? returnstrue .

NOTE—diag -switch? true impliesdiagnostic -mode? true , butdiag -switch? false does not
necessarily implygliagnostic  -mode? false . Other system-dependent mechanisms can cause
diagnostic  -mode? to betrue .

Configuration variable typeBoolean Suggested default valuéalse

digit ( char base -- digit true | char false ) F OxA3
Convert a character to a digit in the givzase

If the character is invalid, leave the character on the stack. The flag indicates the success or failure of the operation.

dis (addr--)
Begin disassembling at the given address.

The format of the disassembly, and the conditions for stopping disassembly, are ISA-dependent.
See als0:7.6.6.

+dis (--)
Continue disassembling whedes or +dis last stopped.

See: dis for more information.

“disk -label S
Support package, interprets disk partitioning information.

See: 3.8.1 for more information.
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“display ” S
Graphic output display device type.
Standard string value oflevice_type " property for user output devices with randomly addressable pixels.
“display " devices can be used for console output.
A standard package with thidévice_type " property value shall implement the following methods.
open, close , write , draw -logo

A standard package with thidévice_type ” property value should implement the following method if an unexpected
system reset can cause the display to become invisible (e.g., the video is turned off) and the display can be restored to
visibility without performing memory mapping or memory allocation operations:

restore
Additional Requirements for therite method:

Display the sequence t&n characters beginning atidr, interpreting escape sequences as described farthmal
emulatorsection.

A standard package with thidévice_type " property value may implement additional device-specific methods.
See: 3.8.4;character-set

NOTE—Such packages typically use tieeminal emulatosupport package to process ANSI X3.64 escape sequences for
thewrite method. “Dumb” frame-buffer devices typically use either tliel " or the th8 ” support package to
implement the “Character Maglefer words interface. More complicated display devices, such as those with hardware
acceleration, typically implement that interface directly.

display-status (n--) F,O 0x121
Show the result of a device self-test.

nis a device-dependent number indicating the status of the device or the progress of the self-test.

The method of showing the result is system-dependent, but is intended to use some device that is likely to be available at
an early phase of system start-up, even if much of the system is not operational. For example, diagnostic LEDs are often
used.

dl (--)
Download and execute Forth text; end Wi
Receive text from the current input source and store it in a buffer until an EOT (0x04, or control-D) character is received.

Do not store the EOT character. Evaluate the contents of the buffer as vattatheommand. The buffer size shall be at
least 4096 characters.

NOTE—This is typically used with a serial line as the current input source. After issuidfj t@mmand, the user
typically issues commands to another computer to cause the desired Forth text (such as a text file) to be sent over the
serial line, followed by the EOT (0x04, or control-D) character.

dma-alloc (...size --virt) M
Allocate a memory region for later use.
Allocate sizebytes of memory, contiguous within the direct-memory-access address space of the device bus, suitable for
direct memory access by a “bus master” device. Return the virtual adifte$at virtual address is suitable for CPU

access to the allocated region, but, in gendrag-map-in  must be used to convert it to an address suitable for direct
memory access by the bus-master device.

Allocate the memory according to the most stringent alignment requirements for the bus.
Some hierarchical devices may require additional mapping space parameters.
See also:dmamap-in , dmafree

If the requested operation cannot be performéldrav shall be called with an appropriate error message, as with
abort"

NOTE—Out-of-memory conditions may be detected and handled properly in the codg evit  -alloc catch

dmafree (virt size --) M
Free memory allocated wittma-alloc

Freesizebytes of memory at virtual addregst, previously allocated by trdmaalloc  method.
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dmamap-in (... virt size cacheable? -- devaddr) M

Convert virtual address to device bus DMA address.

Convert the virtual address range size previously allocated by ttdmaalloc  method, into an address suitable for
DMA on the device bus. Return this addrdesaddr

dmamap-in can also be used to map application-supplied data buffers for DMA use, if possible on the bus.

If the flagcacheableRis nonzero, the caller wishes to make use of caches for the DMA buffer if they are available.

Immediately aftedmamap-in has been executed, the contents of the address range as seen by the processor (the
processor’s “view”") is the same as the contents as seen by the device that performs the DMA (the device’s “view”). After

the DMA device has performed DMA or the processor has performed a write to the range in question, the contents of the
address range as seen by the processor (the processor’s “view”) is not necessarily the same as the contents as seen by the
device that performs the DMA (the device’s “view”). The two views can be made consistent by exdmaimgp-out

ordmasync .

Some hierarchical devices may require additional mapping space parameters.

If the requested operation cannot be performéldrav shall be called with an appropriate error message, as with
abort"

NOTE—Out-of-memory conditions may be detected and handled properly in the codg eith.  -map-in catch

dmamap-out (virt devaddr size --) M

Free DMA mapping set up wittma-map-in .

Free the DMA mapping specified byt devaddr sizepreviously created with trdmamap-in  method.
This will also have the effect of flushing all caches (witha-sync ) associated with that mapping.

dmasync (virt devaddr size --) M

do

?do

Synchronize (flush) DMA memory caches.

Flush any memory caches associated with the DMA mappihdevaddr size

(C: -- dodest-sys ) AT
(limit start --) (R: -- sys)
Start a counted loop; beginning index valustart

Interpretation: (C: -- dodest-sy s)

Enter compilation state, initiating a temporary current definition in a region of memory other than the data space. Then
perform the compilation semantics of ANS Fd@

Compilation: (C: -- dodest-sys )
Same as ANS Forth.
Run-time: (limit start --) (R: -- sys)

Same as ANS Forth.
Tokenizer equivalent: b(do) +offset
ANS Forth note: Also works outside of a definition.

(C: -- dodest-sys ) AT
(limit start --) (R: -- sys)
Similar todo, but do not execute loopliimit = start.

Interpretation: (C: -- dodest-sys )

Enter compilation state, initiating a temporary current definition in a region of memory other than the data space. Then
perform the compilation semantics of ANS FarhQ

Compilation: (C: -- dodest-sys )
Same as ANS Forth.
Run-time: (limit start --) (R: -- sys)

Same as ANS Forth.
Tokenizer equivalent: b(?do) +offset
ANS Forth note: Also works outside of a definition.
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does> (C: colon-sys1 -- colon-sys2 ) A
(--) (Risysl--)
(... ...a-addr) (R:--sys2)
(E:...--??2?)
Set run-time behavior of@eate ... does> construct.
draw -character (char --) F 0x157

defer ; draw a character at the current cursor position.

draw -character is one of thelefer words of the display device interface. The terminal emulator package executes
draw -character  when it has processed a character sequence that calls for the display of a printable character
(subsequently, the terminal package advances the cursor to the next character position).

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Draw char on the display device at the cursor position. Other character positions on the line are unaffected.
See also:to , fb8 -install

draw -logo  (FCode function) ( line# addr width height -- ) F 0x161
defer ; draw (atline#) the logo stored at locatiaddr.
draw -logo is one of thelefer words of the display device interfaig.-install creates adraw -logo " method

whose behavior is to execute tthaw -logo defer word.banner executes thedraw -logo " method of the
console output device, if that device has such a method.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Draw a logo whose upper-left corner coincides with the upper-left corner of the character position at the beginning of
text lineline# The logo can be either a device specific logo or the one-bit-per-pixel logo bit-map image specified by
addr, width, andheight. The format of that bit-map is as follows:

addris the starting address of the bit-meyidth andheightare its dimensions in pixels. Each bit of the bit-map
corresponds to one pixel. The most significant bit of the first byte controls the upper-left-corner pixel. The next bit
controls the next pixel to the right and so on. A zero bit represents the background color, and a one bit represents the
foreground color.

See also:to , fb8 -install

draw -logo  (package method) ( line# addr width height -- ) M
Draw a logo on an output device.

The arguments and semantics of this method are identical to thosededthdogo FCode function.

NOTE—is -install automatically creates an implementation of this method that executimthdogo defer
word.

See also:“display ", banner , draw-logo (FCode function)

driver (addrlen --) F,O 0x118

Creates therfame” property.

Removes the manufacturer name prefix from the saduy len then creates thexdme” property from the remainder of
the string. Previous versions of SBus firmware have implemented the process of removing the manufacturer name prefix
in inconsistent ways, thus there is no single definitiodriver  that will ensure backwards compatibility in all cases.

NOTE—SBus [B2] developers were advised to avoid the use of this FCode function when the inconsistency was
discovered, and the committee believes that its use has largely been eliminated.

drop (x--) AF 0x46
Remove top item from the stack.

2drop (x1x2--) AF 0x52
Remove top two items from the stack.
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3drop (X1 x2x3--) T
Remove top three items from the stack.

Tokenizer equivalent: drop 2drop

dump (addrlen --) A
Displaylen bytes of memory starting addr.

dup (X--xx) AF 0x47
Duplicate the top item on the stack.

2dup (X1 x2--x1x2x1x2) AF 0x53
Duplicate the top two items on the stack.

3dup (X1 x2 x3 -- x1 x2 x3 x1 x2 x3) T
Duplicate three stack items.

Tokenizer equivalent: 2 pick 2 pick 2 pick

?2dup (x--0]xx) AF 0x50
Duplicate top stack item if it is nonzero.

else (C: orig-sys1 -- orig-sys2 ) AT
(--)
Whenif flag wasfalse , execute following code.

Tokenizer equivalent: bbranch +offset b(>resolve)
ANS Forth note: Also works outside of a definition.

emit (char --) AF Ox8F
Display the given character.

encode+ ( prop-addrl prop-lenl prop-addr2 prop-len2 -- prop-addr3 prop-len3 ) 0x112
Concatenate twprop-encoded-arrayinto a single array.
Theproperty encodingf the result is the first array immediately followed by the second array. Conseqpmylen3is
equal toprop-lenlplusprop-len2

Usage restriction: The first arrayprop-addrl prop-leninust have been created just before the second nopyaddr2
prop-len2 with no intervening dictionary allocation or othprop-encoded-array having been created.

In a typical implementatiorprop-addr3is the same gzrop-addrl
Used as:

" some-text" encode -string ( prop-addrl lenl)
5000 encode -int ( prop-addrl lenl prop-addr2 len2)
encode+ ( prop-addr len1+2)

encode-bytes ( data-addr data-len -- prop-addr prop-len) F 0x115
Encode a byte array intopgop-encoded-array

Theproperty encodingf a byte array is the sequence of bytes itself, with no additional bytes.
Contrast teencode -string , which appends a null byte to the end.

NOTE—In order to decode the encoded byte array, some additional method must be provided to know the length of the
array. This could be by previous agreement or by encoding the length value first.

Used as: ( data-addr data-len ) encode-bytes ( prop-addr prop-len)
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encode -int ( n -- prop-addr prop-len ) F 0x111
Encode a number intopmop-encoded-array
Theproperty encodingf a (quadlet) number is a sequence of 4 bytes, with the most significant byte first (i.e., at the
smallest address).
No alignment is implied; the sequence of 4 bytes begins at the first available location.
Used as: 5000 encode -int ( prop-addr prop-len)

encode -phys ( phys.lo ... phys.hi -- prop-addr prop-len ) F 0x113
Encode ainit addressnto aprop-encoded-array
The propertyencodingof the unit address(a list of cells denotinga physicaladdress)s the property encoding(as with

encode -int ) of phys.hicomponent, followed by the encoding of the component that appears on the stagiHyeldv
and so on, ending with the encoding of pg's.locomponent.

The numberof cellsin the list phys.lo... phys.hiis determinedby the value of the #address -cells  propertyof the
parent node.

Used as: ( phys.lo ... phys.hi) encode -phys ( prop-addr prop-len)

encode -string ( str len -- prop-addr prop-len) F 0x114
Encode a string into prop-encoded-array
The property encoding of a string is the bytes of the string, followed by a null (binary 0) byte. The length identified by
prop-lenincludes the null byte; thysop-lenis one more thaten.
Contrast teencode-bytes , which does not append a null byte.
Used as:" some-text" encode -string ( prop-addr prop-len )

encode -unit ( phys.lo ... phys.hi -- unit-str unit-len ) M
Convert physical address to textit-string
Convertphys.lo... phys-high the numerical representation,umnit-string, the text string representation of a physical

address within the address space defined by this device node. The number of cells ipity lisst. phys.hiis
determined by the value of tlfaddress -cells  property of this node.

encode -unit is a static method.

end0 (user interface) (--)
Cease interpreting this program.
Interpretation: (--)
Perform the execution semantics given below.
Compilation: (--)
Perform the execution semantics given below.
Execution: (--)
Cause the command interpreter to ignore the remainder of the input buffer and all subsequent lines from the same input
source.

NOTE—The optional user interface semantics of this command duplicate the purpose, but not the detailed behavior, of
the FCode semantics. The detailed behavior differs because the user interface command interpreter processes text, while
the FCode evaluator processes byte-encoded FCode programs.

140



IEEE

CORE REQUIREMENTS AND PRACTICES Std 1275-1994
end0 (FCode function) (--) F 0x00
Cease interpreting this program.
FCode evaluation: (F:--)

Set the internal state variabtde-endo true, which will cause the FCode evaluator to cease evaluating the current
FCode program immediately after this function is interpreted.

FCode Execution: (--)

Set the internal state variabide-endo true, which will cause the FCode evaluator to cease evaluating the current
FCode program after the FCode function whose evaluation resulted in the execution of this function finishes.

NOTE—Normally,end0 appears at the end of an FCode program. However, it can be used within the body of an FCode
program, for example, to terminate FCode evaluation based upon a conditional test. To do so, it is necessary to postpone
the execution oénd0 to prevent the FCode evaluator from exiting as so@nd6 is encountered. That can be

accomplished with the phraBpendO execute , usually within anf ... then construct.

endl (--) F OxFF
Cease interpreting this program.

Same agnd0.

NOTE—endl is not intended to appear in source code. It is defined as a guard against mis-programmed ROMs.
Unprogrammed regions of ROM usually appear as all ones or all zeroes. Havifg@®tandOxff defined as end
codes stops the FCode interpreter if it enters an unprogrammed region of a ROM.

endcase (C: case-sys --) AT
( sel | <nothing> --)
Mark end of a&case statement.

Compilation: (C: case-sys --)

Perform the compilation semantics of ANS FAERDCASEThen, if the current definition is temporary and the depth of
the control flow stack is the same as its depth when the temporary current definition was initiated, perform the
compilation semantics of and execute the temporary current definition.

Run-time: ( sel | <nothing> --)
Same as ANS Forth.

Tokenizer equivalent: b(endcase)

ANS Forth note: Also works outside of a definition.

end-code (code-sys --)
End creation of machine-code sequence.

No additional assembly language code is assembled.
code-syss balanced by the correspondimfe orlabel

endof (C: case-sysl of-sys -- case-sys2 ) AT
(--)
Mark end of clause; jump to endadse if match.
Tokenizer equivalent: b(endof) +offset
ANS Forth note: Also works outside of a definition.

end -package (--)
Close the device tree entry set up viidgin -package .

Perform the following:

Callfinish -device to close the child device node.
Set the working vocabulary to Forth.
Callclose -dev .

environment? (str len -- false | value true ) A
Return system information based on input keyword.

The exact set of recognized keyword strings is implementation-dependent.
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erase (addrlen --) AT
Setlen bytes beginning addr to zero.

Tokenizer equivalent: O fill

erase -screen (--) F Ox15A
defer , clear the screen.
erase -screen is one of thalefer words of the display device interface. The terminal emulator package executes

erase -screen when the console device is first activated, and also when it has processed a character sequence that calls
for the screen to be cleared.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Clear the entire screen (not just tegt window) setting it to the background color.
See also:to , fb8 -install

eval (...strlen --???) T
Synonym forevaluate

Tokenizer equivalent: evaluate

evaluate (...strlen --???) AF 0xCD
Interpret Forth text from the given string.

even (n--n|n+l)
Round to nearest even integen._

execute (...xt--?2??) AF 0x1D
Execute the command whose execution toket is

execute-device  -method (... dev-str dev-len method-str method-len -- ... false | ??7? true)
Execute the named method in the package nateedtring
dev-stringis adevice-specifierReturndalse if the method could not be executed (i.e.,dbeice-specifiers invalid,

or that device has no method with the given name, or execution of that method resulteldart aror throw ).
Otherwise, returngue above whatever results were placed on the stack by the execution of the method

The process is as defined in 4.3, using the rules givesxémute-device-method
See also:apply

“existing " S
MMU packageproperty nameo defineexistingvirtual address resources.

prop-encoded-array:

Arbitrary number ofirtual-addresslen pairs.Virtual-addressmay be one or more integers, each encoded as with
encode-int . Lenmay be one or more integers encoded as evittode-int

The value of this property defines the regions of virtual address space managed by the MMU in whose package this
property is defined, without regard to whether or not these regions are currently in use. The encadiihgd-afidress
andlen are MMU-specific.

See also:“available ", map, modify , “reg ", translate , unmap

exit (--) (Risys--) AF 0x33
Exit from the currently executing command.
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exit? (--done?)
Returntrue when output should be terminated.

Handle output pagination and user control thereof. Retuen if the user has requested the cessation of output from the
current command.

exit? is used inside loops that might send many lines of output to the console. It is typically called once for each line of
output.

The precise behavior is implementation-dependent; a suggested behavior follows:

If the value contained in thdine variable is greater than a predetermined value (typically returned by a word named
lines/page ) prompt the user with the message:

More [<space>,<cr>,q] ?

and wait for a character to be typed on the console. If that charaa@r isturntrue . If that character is<cr> "
(carriage return), arrange for the next cakéxit? to prompt the user, and retuaise . If the character is neitheq®
nor “<cr> “, set the contents dfline to zero and returfalse

If a “q” character has been typed on the console input device since the last timeatthatwas called returtrue .
If any other character has been typed, prompt for what to do next, as shown above, afalgeturn

The typical behavior described above has the following features (assuming that output-generating comreai@s call
once per line of output):

— Output pauses at the end of each page of output, allowing the user to either stop furtherggiitget ¢fne more
line output before pausing agaix€r> "), or continue with the next page of outputg§pace> ”).

— The user can stop further output at any time by typgig “
— The user can cause a pause before the end of a page by typing a character otfper than “

expect (addrlen --) AF Ox8A
Get and display input keyboard line, storing iaddlr.

external (--) T
Newly created functions will be visible.
Arrange for subsequently created definitions to have permanent names that persistadtesetipackagés finished, so

that those definitions will be visible package methods. In implementations that lack the ability to make temporary names,
this may be a no-operation.

The mode established lexternal  persists until changed lyeaders orheaderless

Tokenizer: Arrange for subsequently created FCode functions textsenal -token , so that those functions will be
visible package methods.

external -token (--) F OxCA
(F: /FCode-string FCode#/ --)

Create a new named FCode function.

FCode evaluation: (F: /FCode-string FCode#/ --)

Read ar-Code-string then arFFCode# from the current FCode program. Create a new FCode function, associating with
it the FCode numbédfCode# The new function’s execution semantics are initially undefined; they will be determined
later by the execution of eithb(:) , b(create) , b(defer) ,b(constant) , b(buffer:) , b(field)

b(variable) , orb(value)

Associate the new function with the name giverFBpde-string, thus making it a method of the current node. The new
method can later be executed with, for exampta)l -method .

FCODE ONLY (Tokenized by defining words external  mode)

false (--false) AT
Return the valuéalse (zero).

Tokenizer equivalent 0

143



IEEE
Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

b8

b8

b8

b8

b8

b8

b8

b8

b8

b8

144

-blink  -screen (--) F 0x184
Implement the fb8 ” blink -screen function.

Typically implemented as: fb8 -invert-screen fb8 -invert-screen

NOTE—Typical generic implementations of this function are likely to be quite slow, since they probably will access each
pixel on the screen four times. For most devices, there is a device-specific implementatiobliok thescreen

function that is much faster, for example, disabling video output for about 20 ms. It is recommended that such device-
specific implementations be used instead of the gefis8ieblink -screen function.

-delete -characters (n--) F 0x187
Implement the b8 ” delete -characters function.

-delete -lines (n--) F 0x189
Implement the b8 " delete-lines function.
-draw -character (char --) F 0x180

Implement the b8 ” draw -character  function.

-draw-logo ( line# addr width height -- ) F 0x18A
Implement the b8 ” draw -logo  function.

The logo is painted with a pixel value of 0x01.

-erase -screen (--) F 0x183
Implement the b8 ” erase -screen function.

-insert  -characters (n--) F 0x186
Implement thefb8 ” insert -characters function.

-insert  -lines (n--) F 0x188
Implement the fb8 ” insert-lines function.
-install ( width height #columns #lines --) F 0x18B

Install all built-in generic 8-bit frame-buffer routines.
Install the fh8 " generic 8-bit frame-buffer routines into the display device interfieéer words, configuring the
“fb8 ” routines for a frame-buffareightpixels high, with successive scan linegth pixels apart.

#columnsand#linesindicate the maximum number of text columns and lines that the device is capable of supporting
(#columnsand#linesusually depend upon the width and height of the font to be used, among other things).

width is the difference between the starting memory addresses of two consecutive scan lines in the frame-buffer. For
frame-buffers where all memory locations correspond to displayable pixels, this is the same as the width of the screen in
pixels.

heightis the height of the display in scan lines.

Setscreen-width  to thewidth argumentscreen -height to theheightargument#columns to the minimum of
#columnsandscreen -#columns , and#lines to the minimum o#linesandscreen-#rows

Setwindow -top andwindow -left  to center the text region on the screen (the calculation typically involves

#columns , #lines , char -width , char -height , screen-width , andscreen -height ). The calculation

assumes thatidth pixels per scan line are displayable. If some are not (for example, some number of pixels at the right of
the display), it is the responsibility of the display driver to adjistiow -left  to locate the text region in an

appropriate place afté8 -install returns.

Usage restriction: char -width andchar -height must be set beforf®8 -install is executed; otherwise, the
centering is likely to be incorrect.

See also:set -font

-invert-screen (--) F 0x185
Implement thefb8 ” invert -screen function.
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b8

b8

-reset -screen (--) F 0x181
Implement the fb8 ” reset -screen function.

This routine is usually implemented as a no-op.

-toggle-cursor (--) F 0x182
Implement the b8 ” toggle -cursor function.

fcode -debug? (-- names?) N

If true , save names for FCodes withaders .

This flag is used during the evaluation of an FCode program. If this ftageis, preserve the names of local FCodes
created witmamed-token in the Forth dictionary. If this flag felse , discard those names fields.

Configuration variable typdoolean Suggested default valuise

fcode -revision (--n) F 0x87

Return revision level of device interface.

The human-readable representation of the revision level is a string of the form “major.minor”, where “major” and “minor
are decimal numbers. THieode -revision returns a single number representation whose value is given by the
formula (major*65536 + minor). For example, if the release number were 2.12, the return value would be 0x0002.000C.

The revision level of the device interface described by this standard is “3.0", thécefiee-revision shall return
0x0003.0000.

ferror (--) F OxFC

field

Standard FCode number for undefined FCode functions.

Set the internal state variabmde-endo true, which will cause the FCode evaluator to cease interpreting the current
FCode program after the FCode function whose evaluation resulted in the execution of this function finishes. Additional
semantics are implementation-dependent (typically, such additional semantics include displaying an error messages
indicating that an undefined FCode number has been executed).

In addition to this function’s assigned FCode number, undefined FCode numbers (those that are not explicity assigned to
other functions) are associated wighror

NOTE—ferror ’s assigned FCode number provides a way to detect at run-time whether or not a particular FCode
number is defined. This can be accomplished by comparing the execution token of the function in question with
ferror ’s execution token, e.g.,

77 get-token drop ( xt)
[]ferror = (undefined?)

See: b()

(E: addr -- addr+offset ) T
( offset size "new-name< >" -- offset+size )
Create new field offset specifier, nameglv-name
Skip leading delimiters. Parsew-namelelimited by a space. Create a definitionffew-namewith the execution
semantics defined below.
Execution: (of new-namg (E: addr -- addr+offset )
Return the sum adddr andoffset

field is used to create a named offset into a data structure. When a definition crefaiet byis executed, itaddr
argument is typically the base address of the data structure.

In FCode sourcdield cannot be called from within a colon definition.
Example: The sequence:
(24) 10 field >name (34)
creates a command calledame with the same behavior as the following:
:>name 24 + ;
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Used as:

Assume a data structure 18 bytes long, organized as:
size - bytes 0-1
flag - bytes 2
name - bytes 3-17
first - bytes 3-9
last - bytes 10-17
ok struct (0
ok 2 field >size (
ok 1 field >flag (3
ok 0 field >name
ok 7 field >first (10
ok 8 field >last (18)

)
2)

)
(3)
)

ok constant record -size
Later used as:
ok record -size buffer: my -record

ok my -record >name (name-addr)
ok my -record >flag (flag-addr)

Tokenizer equivalent: new-token |[named-token |external -token b(field)

fill (‘addr len byte --) AF 0x79
Setlen bytes beginning a&ddr to the valuébyte

find (pstr--xtn|pstr0) A
Find command, return -1 (found), +1 (immediate), or 0 (not found).

$find ( name-str name-len -- xt true | name-str name-len false) F 0xCB
Find the command namedme stringn the dictionary.

If found, returntrue andxt. Otherwise, returfalse and leavename stringon the stack.
Used as:

" old-name" $find ( xt true)
if execute else (do-error) then

Searches the current search order. During normal FCode evaluation, the search order consists of the vocabulary containing
the visible methods of the current device node, followed by the Forth vocabulary.

find -device ( dev-str dev-len --)
Make the device nod#ev-stringtheactive package
If dev-stringis the string *. ”, set theactive packagéo the parent of the currenthctive packageOtherwise, set the
active packagas described b4.3 in find-device context, usinglev-stringas thedevice-specifier
If the specified device is not found, execab®ort .

NOTE—find -device is similar todev, except that its argument is a string on the stack instead of text parsed from
the input buffer, allowindind -device to be used within a definition, with a literal string argument that is compiled
into the definition.

Used as:" device-alias" find -device

find -method ( method-str method-len phandle -- false | xt true ) F 0x207
Find the method namedethod-stringn the packagphandle
Returnfalse if the package has no such methodkt@ndtrue if the operation succeeds. Subsequentigan be used
with call -package .

find -package ( name-str name-len -- false | phandle true ) F 0x204
Locate the support package namedbgne string

If the package can be located, returrpiandleandtrue ; otherwise, returfalse

Interpret the name iname stringelative to the packages ” device node. If there are multiple packages with the same
name (within the packages " node), return th@handlefor the most recently created one.
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finish  -device (--) F 0x127
Finish this package, sattive packagéo parent.

Complete a device node that was createddw-device , as follows: If the device node has no “name” property, remove
the device node from the device tree. Otherwise, save the current valueswfdng instance’snitialized data items

within theactive packagéor later use in initializing the data items of instances created from that node. In any case,
destroy thecurrent instancemake its parent instance tbarrent instanceand select the parent node of the device node
just completed, making the parent nodeabtve packagagain.

fm/mod (dn--rem quot) A
Divide d by n.
>font (char -- addr) F Ox16E

Return beginning address fonarin the current font.

set -font  must have been previously called for this command to be valid.
For any characters not in the font table, return a font entry for a valid, unspecified standard-width character.

fontbytes (-- bytes) F Ox16F
value , return interval between entries in the font table.

fontbytes is avalue thatis used by thel§1 ” and b8 " frame-buffer support packages. It denotes the distance in
bytes between the successive scan lines of a glyph in the current font.

Any standard package that uses one of the frame-buffer support packages shall@ekthiprior to executing either
fbl -install orfb8 -install . That is typically done by executisgt -font

forget ("old-name< >" --) A
Remove commandid-nameand all subsequent definitions.

Leave the dictionary pointer at the value which it had just before the conuithndmewas defined. If there are multiple
commands in the dictionary with the naold-name remove the most recent definition.

forth (--) A
Make Forth the context vocabulary.

frame -buffer -adr (--addr) F 0x162
value , return current frame-buffer virtual address.

Must be set usintp , when the frame-buffer package is opened.

free-mem (a-addrlen --) F 0x8C
Free memory allocated afloc -mem

The valuesa-addrandlen must be the same as used in a prevadies -memcommand.

free -virtual (virt size --) F 0x105
Destroy mapping andatidress " property.

If the package associated with therent instancénas an &ddress ” property whose first value encodes the same
address asirt, delete that property. In any case, then execute the parent insraapetait method withvirt sizeas its
arguments.

fregisters (--)
Display floating-point registers (if present).

A standard system may either access the registers “in-place” or access copies of their values saved asgaetlof the
program stateThe exact set of registers displayed, and the format, is ISA-dependent.
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get -inherited -property ( name-str name-len -- true | prop-addr prop-len false ) F 0x21D
Return value for given property in the current instance or its parents.
Locate, within the package associated with the current instance or any of its parents, the propepyopfidgeaame

matches the valueame stringIf the property exists, return the associated value gwtipeencoded-arraprop-addr
prop-lenandfalse . Otherwise, returtrue .

get -msecs (--n) F 0x125
Return elapsed time, in milliseconds.
Return a free-running clock value, unreferenced to any specific time value. It is not assumed to maintain correctness
during power-down of the system.

Return the value to the best available accuracy and precision. There is no minimum specification for either accuracy or
precision.

get-my -property ( name-str name-len -- true | prop-addr prop-len false ) F 0x21A
Return value for given property in this package.
Locate, within the package associated withdineent instancethe property whosproperty namenmatches the value

name stringIf the property exists, return the associated value gwtipeencoded-arraprop-addr prop-lerandfalse
Otherwise, returtrue .

get -package -property  ( name-str name-len phandle -- true | prop-addr prop-len false )F Ox21F
Return value foname stringproperty in packagphandle

Locate, within the packagghandle the property whosproperty namematches the valugame stringlf the property
exists, return the associated value agtiop-encoded-arraprop-addr prop-lerandfalse . Otherwise, returtrue .

get -token ( fcode# -- xt immediate? ) F OxDA
Convert FCode number to function execution token.
Return the execution tokedt of the word associated with FCode numftede# and a flagmmediatehat istrue if

and only if that word will be executed (rather than compiled) when the FCode evaluator encounters its FCode number
while in compilation state.

go (--)
Execute or resume execution of a program in memory.
Restore the processor state fromsheed-program-statsmemory area and begin/resume execution of the machine-code
program.

Resume execution at the address saved isahed-program-statprogram counter register. This will normally contain

the initial value for a newly loaded program or the resumption address for a suspended program. However, the saved
program counter register can be altered by the user, causing the program to resunge (&lesecuted) from an

arbitrary address.

This command has no effect unlesate -valid containgrue .
go can be used in conjunction with other commands in one of several ways:
After load (which also initializes theaved-program-stajego executes the program just downloaded.

After a program is suspended by entering the implementation-dependent “abort-sequence” (which saves the processor
state insaved-program-stajego resumes execution of the suspended program.

When testing a program with breakpoints, and after a breakpoint has been encountered (which saves the processor state in
saved-program-stajego resumes execution of the program being tested.

gos (n--)

Executego ntimes.
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h# ([number< >] --n) T

Interpret the following number as a hexadecimal number (base sixteen).

Interpretation: ([number< >] --n)

Skip leading space delimiters. Parsgnberdelimited by a space. Convert the strmgnberto an integen using a
conversion radix of sixteen. Pobn the stack. An ambiguous condition exists if the conversion falils.

Compilation: ([number< >] --)

Skip leading space delimiters. Paregnberdelimited by a space. Convert the strmgnberto an integen using a

conversion radix of sixteen. Append the run-time semantics given below to the current definition. An ambiguous condition
exists if the conversion fails.

Run-time: (--n)

Placen on the stack.

The number is interpreted in hexadecimal regardless of the current valasein The value obase is unchanged.

Used as: h# 1001 ( decimal 4097 )

Tokenizer equivalent: b(lit) xx -byte xx-byte xx-byte xx -byte
.h (n--) T
Display a signed number (and space) in hex.
Ignore the value ibase and leave it unchanged. Also display a single trailing space.
Tokenizer equivalent: base @ swap 16 base ! . base !
headerless (--) T
Newly created functions will be invisible.
Arrange for subsequently created definitions to have temporary names that disappear attérethackagés finished,
so those definitions will be invisible thereafter. In implementations that lack the ability to make temporary names, this
may be a no-operation.
The mode established yaderless  persists until changed headers orexternal
Tokenizer: Arrange for subsequently created FCode functions toesetoken , so those functions will be invisible
(internal to their package).
headers (--) T
Newly created functions will be optionally visible.
Arrange for subsequently created definitions to have, at the user’s discretion, either permanent namestasaith
or temporary names as witleaderless . In implementations that lack the ability to make temporary names, this may
be a no-operation. Otherwise, the means for controlling whether names are permanent or temporary shall be the same as
that used bynamed-token
The mode established byeaders persists until changed external  or headerless
Tokenizer: Arrange for subsequently created FCode functions toarsed-token , so those functions will be either
visible or invisible at the user’s discretion ($eede -debug? ). This is the default behavior.
help ("{name}<eol>" --)
Provide information for category or specific command.
If nameis a specific command, list help for that command, if available. Otherwise, display an implementation-dependent
message.
Used as: ok help command -name
If nameis a category, list all help messages for commands in that category, or a list of subcategories.
Used as: ok help category -name
If name is omitted, provide general help and a list of available categories.
Commands should be grouped into categories so thhethe messages for a category occupy no more than twenty-three
output lines. Categories may be divided into subcategories. The number and names of categories are implementation-
dependent.
here (--addr) AF OxAD

Return current dictionary pointer.
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hex (tokenizer) (--) AT
Set numeric conversion radix to sixteen.

If hex is encountered in FCode source outside a definition, set the tokenizer's numeric conversion radix to $igteen. If
is encountered in FCode source inside a definition, append the following sequence to the FCode program that is being
created:

Tokenizer equivalent: 16 base !
ANS Forth/tokenizer difference: ANS Forth has no separate “tokenizing” behavior.

hold (char --) AF 0x95
Add char in pictured numeric output conversion.

hop ()

Execute single instruction, or entire subroutine call.

Same astep , except that if the instruction to be executed is a subroutine call, execute the entire subroutine before
stopping, instead of just the call instruction.

If the execution of that subroutine results in encountering another breakpoint, the result is implementation-dependent.

hops (n--)
Executehop ntimes.

[ (--index) (R:sys--sys) AF 0x19
Return current loop index value.

ANS Forth note: Also works outside of a definition.

if (C: -- orig-sys ) AT
(do-next? --)
If flag is true, execute following code.
Interpretation: (C: -- orig-sys )

Enter compilation state, initiating a temporary current definition in a region of memory other than the data space.
Then perform the compilation semantics of ANS Fdifth

Compilation: (C: -- orig-sys )
Same as ANS Forth.
Run-time: (do-next? --)

Same as ANS Forth.
Tokenizer equivalent: b?branch +offset
ANS Forth note: Also works outside of a definition.

ihandle>phandle (ihandle -- phandle ) F 0x20B
Return thephandlefor the indicatedhandle

immediate (--) A
Declare the previous definition as “immediate”.

>in (-- a-addr) A
variable  containing offset of next input buffer character.

init -program (--)
Initialize saved-program-state

Setsaved-program-statto the ISA-dependent initial program state required for beginning the execution of a client
program.
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input ( dev-str dev-len --)
Select the indicated device for console input.
Search for a device node matching the pathname or device-specifier gidewn-$ty dev-lenThe search process is as

defined in4.3, using the rules given féind -device , but restore thactive packagéo its previous package
afterwards.

If such a device is found, search forrigad method.
If theread method is found, open the device, as wiplen-dev .
If the open succeeds, execute the devidestall -abort method, if any.

If any of these steps fails, display an appropriate error message and return without performing the steps following the one
that failed.

If there is a console input device, as indicated by a nozero valuestdthe variable, execute the console input device’s
remove-abort method and close the console input devicestin to theihandleof the newly opened device,
making it the new console input device.

Used as:" device-alias" input

input -device ( -- dev-str dev-len) N
Default console input device.
Indicates the device to be established as the console input dewistdly -console . dev-stringis adevice-
specifier
Used as:ok setenvinput -device device -alias <eol>
Configuration variable typestring[32]. Suggested default valuesyboard .

insert -characters (n--) F 0x15D
defer , insertn spaces to the right of the cursor.
insert -characters is one of thelefer words of the display device interface. The terminal emulator package

executesnsert -characters when it has processed a character sequence that calls for opening space for characters
to the right of the cursor.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Move the remainder of the line to the right, thus losingithightmost characters in the line, without moving the
cursor. Fill the vacated character positions with the background color.

See also:to , fb8 -install

insert-lines (n--) F Ox15F
defer , insertn blank lines at and below the cursor line.
insert-lines is one of thelefer words of the display device interface. The terminal emulator package executes
insert-lines when it has processed a character sequence that calls for opening space for lines of text below the
cursor .

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thldsfer word to a function with the following behavior:

Move the cursor line and all following lines down, thus losingitbettom lines, without moving the cursor. Fill the
n vacated lines with the background color.

See also:to , fb8 -install

install  -abort (--) M
Begin polling for a keyboard abort sequence.

Instruct the device driver to begin periodic polling for a keyboard abort sequence. If a keyboard abort sequence is
subsequently encounterexhort is executed.

This command is executed when the device is selected as the console input device.
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install  -console (--)

Select and activate console input and output devices.

Activate the console function and select input and output devices as follows:

a) Activate the console so that subsequent input (eeg.) and output (e.gemit ) will use the devices selected by
input andoutput

b) Attempt to create acreen alias as described in 7.4.5.
c) Executeoutput with the value returned byutput -device
d) Executeinput with the value returned byput -device

e) If the previous code failed and there ifabibackdevice to be used for console functions, select that device as the
console device.

install -console may take other system-dependent actions to ensure that a console device is available in the event of
a failure, and may display messages indicating that such action has been taken.

instance (--) F 0xCO

Mark next occurring defining word as instance-specific.

Modify the next occurrence oklue , variable |, defer , orbuffer:  to create instance-specific data instead of static
data. Re-allocate the data each time a new instance of this package is created.

Used as: ok 30 instance value new -name

.nstruction (--)

Display next pending address and instruction.

Display the address where the last breakpoint occurred and the instruction that would have executed next if the breakpoint
had not been there.

The instruction-display format is ISA-specific.

“interrupts ” S

intr

Standardgproperty nameo define the interrupts used.
prop-encoded-array
Arbitrary number of interrupt specifiers (bus-specific), each typically encodeandtide -int

Specifies the interrupt level(s) used by this device and possibly other appropriate information (such as interrupt vectors).
The level given is the bus-specific (local) level, not the CPU level. The actual format of the data is bus-specific; see the
appropriate Open Firmware machine-specific document for details.

See also:intr

( sbus-interrupt# vector -- ) F,O 0x117

Creates theihtr " property.
See the description of thantr " property for more details.

“intr " S

152

Standardgproperty namedefines SBus interrupt level(s).

prop-encoded-array
n (CPU_level,intr_vector) pairs, each value encoded aittode -int
CPU_level created by: SBus_levelsbus -intr>cpu  encode -int
Vector created by: intr_vector encode -int

If, at the time theihtr " property is created, thective packageloes not have anriterrupts " property, create an
“interrupts " property in addition to theritr " property, with the following property value:

prop-encoded-array
n SBus_levels, each encoded wéticode -int , corresponding to the CPU_levels of theifitr " property value.

This property, with its semantics of creating antérrupts " property, is included as a concession to existing FCode
programs. It should be used only by those FCode programs that require compatibility with older SBus systems. It should
not be used by FCode programs for non-SBus devices. The specification of this property is included here, rather than in an
SBus-specific supplement, because of the possibility that, even on systems that nominally do not support SBus, SBus
devices might be used via a bus-to-bus bridge.
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One of two forms is used:
First form: 50 intr

This is the most common usage. Thie FCode translates thsbus-interrupt#5) to the appropriat€PU_level
(with sbus -intr>cpu ), and then creates thatr " property with the CPU interrupt value. Timér_vector
value is always O.

Second form:
5 sbus -intr>cpu encode -int 0 encode -int encode+
7 sbus -intr>cpu encode -int encode+ 0 encode -int encode+
" intr" property
This form is generally only used when multiple-interrupt levels must be declared. (Multiple-levels cannot be declared
with the first form.)

inverse? ( -- white-on-black? ) F 0x154
value , indicates how to paint characters.

Thisvalue is part of the display device interface.

Theterminal emulatopackage shall satverse? totrue when the escape sequences that it has processed have
indicated that subsequent characters are to be shown with foreground and background colors exchantgse and to
indicating normal foreground and background colors, otherwise.

The “fb1 " and “fb8 " frame-buffer support packages shall draw characters with foreground and background colors
exchanged iinverse? istrue , and with normal foreground and background colofalse . If inverse? s
neithertrue norfalse |, the result is undefined.

Standard packages that usetdmeninal emulatopackage should draw characters with foreground and background colors
exchanged iinverse? istrue , and with normal foreground and background colofalge

inverse? affects the character display operatidrsw -character ,insert -characters , and
delete -characters , but not the other operations suchrert-lines , delete-lines , and
erase -screen

inverse -screen? ( -- black?) F 0x155
value , indicates how to paint the background.

Thisvalue is part of the display device interface.

Theterminal emulatoipackage shall satverse -screen? totrue when the escape sequences that it has processed
have indicated that the foreground and background colors are to be exchanged for operations that affect the background,
and tofalse , indicating normal foreground and background colors, otherwise.

The “fb1 " and “fb8 " frame-buffer support packages shall perform screen drawing operations other than character
drawing operations with foreground and background colors exchanigeéri$e -screen? istrue , and with normal
foreground and background colordatse . If inverse -screen? is neithettrue norfalse |, the resultis
undefined.

Standard packages that usetdmeninal emulatopackage should perform screen drawing operations other than character
drawing operations with foreground and background colors exchanigeéri$e -screen? istrue , and with normal
foreground and background colordatse .inverse -screen? affects background operations such as

insert-lines , delete-lines anderase -screen , but not character display operations such as

draw -character ,insert -characters anddelete -characters

NOTE—Wheninverse -screen? andinverse? are bothrue , the colors are exchanged over the entire screen,
and subsequent characters are not highlighted with respect to the (inverse) background. For exchanged screen colors and
highlighted characters, the settings ianeerse -screen? true andinverse? false

invert (x1--x2) AF 0x26
Invert all bits ofx1.
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invert -screen (--) F 0x15C

defer , exchange the foreground and background colors.

invert -screen is one of thalefer words of the display device interface. The terminal emulator package executes
invert -screen when it has processed a character sequence that calls for exchanging the foreground and background
colors (e.g., changing from black-on-white to white-on-black).

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Change all pixels on the screen so that pixels of the foreground color are given the background color, and vice versa,
leaving the colors that will be used by subsequent text output unaffected.

See also:to , fb8 -install

io ( dev-str dev-len --)
Select the indicated device for console input and output.
Executeinput followed byoutput with dev-str dev-leras arguments in both cases.
Used as " device-alias" io
is -install (xt--) F 0x11C
Createopen, other methods for this display device.
Create methods for accessing the display device driver mcthe package
Used as:['] my-open-routine is -install
Create the following methods:
open
When later called, execute the display driver's “my-open-routine” (whose execution toiearid initialize the
terminal emulator
write
When later called, pass its argument string tadéhminal emulatorfor interpretation.
draw -logo
When later called, execute the display driver's “my-draw-logo” procedure which was installed idédethe word
draw -logo by the driver’s “my-open-routine”.
restore
When later called, execute the display driver’s “rageiscreen” procedure which was installed intodleéer
wordreset -screen by the driver’s “myopenroutine”.
iS -remove (xt--) F 0x11D
Createclose method for this display device.
Used as:['] my-close-routine is -remove
The createalose method, when later called, executes the display driver’'s “my-close-routine” procedure (whose
execution token igt).
is -selftest (xt--) F Ox11E
Createselftest method for this display device.
Used as:[] my-selftest-routine is -selftest
The createdelftest method, when later called, executes the display driver’'s “my-self-test-routine” procedure (whose
execution token igt).
(is -user -word) (E:...--?227?) F 0x214
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( name-str name-len xt -- )
Create new command named by string, behavixt is
Create a Forth command whose name is givemaloye string The behavior of the new command is given by the
execution tokemxt, which must refer to a static method.
Used as:" new-name" [] old-name (is -user -word)



IEEE
CORE REQUIREMENTS AND PRACTICES Std 1275-1994

] (--index) (R:sys--sys) AF Ox1A
Return next outer loop index value.

ANS Forth note: Also works outside of a definition.

key (--char) AF Ox8E
Read a character from the console input device.
If no key has been typed since the kst orexpect commandskey will wait until a new character is typed. Use
key? to determine if a character is available.

key? (-- pressed?) AF 0x8D
Returntrue if an input character is available from the console input device.

key? is non-destructive; the keyboard character is not consumed.

I (quad gaddr --) F 0x73
Store quadlet tqaddr.

See: rl!

I, (quad --) F 0xD2
Compile a quadlet into the dictionary (doublet-aligned).
Allocate 4 bytes (withallot ) at the current top of the dictionary and store the valizelinto that space. The dictionary
pointer must have been doublet-aligned.

@ (gaddr -- quad ) F Ox6E
Fetch quadlet fromyaddr.

See: rl@

Nl (--n) F 0x5C
The number of address units to a quadlet; typically, four.

N* (nul--nu2) F 0x68
Multiply nulby the value ofl .

la+ (‘addrl index -- addr2 ) F 0x60
Incrementaddrl by indextimes the value of .

lal+ (addrl -- addr2) F 0x64
Incrementaddrl by the value ofl .
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label (E: -- addr)
("new-name< >" -- code-sys )
Begin machine-code sequence, leaddr on stack.

Begin creation of an machine-code sequence cadednamelnterpret the following commands as assembler mnemonics.
Commands created bgbel leave the address of the code on the stack when executed.

As withcode , label is present even if the assembler is not installed. In this case, machine-code must be entered into
the dictionary explicitly by value, i.e., wity , w,, |, , or, . The machine-code sequence is terminated bg;ther
end-code commands.

Used as:

ok label new  -name
ok (assembler mnemonics)
ok end -code

Later used as:
new-name ( machine-code-addr )
code-syss balanced by the correspondirig or end -code .

Ibflip (quadl -- quad?) F 0x227
Reverse the bytes within a quadlet.

Ibflips (gaddr len --) F 0x228
Reverse the bytes within each quadlet in the given region.

The region begins aaddrand spanten bytes. The behavior is undefinedeh is not a multiple ofl .

[bsplit (quad -- b.lo b2 b3 b4.hi) F OX7E
Split a quadlet into 4 bytes.

The high bits of the 4 bytes are zero.

Icc (charl -- char2) F 0x82
Convert ASClicharlto lowercase.

Convert input values between 0x41 and 0x5A (ASCII A-Z) to 0x61 through Ox7A (ASCII a-z). All other input values are
unchanged.

leave (--) (Risys--) AT
Exit thisdo or ?do loop immediately.

Tokenizer equivalent: b(leave)
ANS Forth note: Also works outside of a definition.

?leave (exit? --) (R:sys--) T
If flag is nonzero, exit thido or ?do loop immediately.
If exit?is nonzero, discard the current loop control parameters. An ambiguous condition exists if they are unavailable.
Continue execution immediately following the innermost syntactically encldsing loop ordo ... ?loop
Tokenizer equivalent: if leave then
See: ANS Forth return stack restrictions

left -parse -string ('str len char -- R-str R-len L-str L-len ) F 0x240
Split the string at first occurrence of delimitdrar.

R-stringis the string after, anid-string is the string before, the first occurrence of the delimiter. Neither string includes
that first occurence of the delimiter, althoug¥stringmight contain other later occurrences of that character.

If the delimiter does not appear in the argument stalgnis zero and.-string is the same as the argument string.
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line# (--line#) F 0x152

value , return the current cursor line number.

Return the current vertical position of the text cursor.
NOTE—A value of zero represents the topmost line oftéixé window not the topmost pixel of the frame-buffer.
See: window -top for more details.

#line (-- a-addr) F 0x94

variable  containing the number of output lines.

a-addris the address of a cell containing the number of output lines since the last user interaction.

#line s set to zero when the command interpreter prompts for a new command line (whenekepritrapt is
displayed). Its value is increased by one wens executed.

See: exit? for other conditions in whickline might be set to zero.

linefeed (-- Ox0A) T

ASCII code for “linefeed” character.
Tokenizer equivalent: b(lit) 00 00 00 0x0A

#lines (--rows) F 0x150

value , return number of lines of text taxt window

#lines is avalue that is part of the display device interface. Téreninal emulatopackage uses it to determine the
height (number of rows of characters) of the text region that it managedbIhednd ‘th8 " frame-buffer support
packages also use it for a similar purpose.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thialue to the desired height of the text region. That width shall not exceed the value of
screen-#rows

See also:to , fb8 -install

literal (C:x1--) AC

(--x1)
Compile a number; later, leave it on the stack.

load (user interface) ("{params}<eol>" --)

Load a program, specified iparams

Skip leading space delimiters. Pafisst-arg delimited by a space. first-arg is the empty string, seevice-specifieto
the default device amlafgumentgo the default arguments as specified below, and proceed with the loading process as
specified below. Otherwise, handiest-arg as follows:

If first-arg begins with the “/” character, or if it the name of a defidedalias setdevice-specifeto first-arg, then
skip leading space delimiters, segumentdo the remainder of the command line.

Otherwise, sedlevice-specifieto the default device aratgumentgo the portion of the command line beginning at
first-arg and continuing to the end of the line (includfirgt-arg itself).

If argumentss the empty string, replace it with the default arguments.

Proceed as follows.

Loading Process:

If the client interface is implemented, sargumentsand thedevice-pattcorresponding tdevice-specifieso they may
be retrieved later via the client interface.

Open, as witlopen-dev , the package specified lgvice-specifierthus obtaining aihandle If unsuccessful, execute

the equivalent oabort , thus stopping the loading process. Otherwise, execute, a$aaith -method , theload

method of thathandlg passing the system-dependent default load address to “load” as its argument. Then close, as with
close -dev , thatihandle

If the “load” method succeeds, and the beginning of the loaded image is a valid client program header for the system,
allocate memory at the address and of the size specified in that header, move the loaded image to the address, and perform
the function ofnit -program to initialize saved-program-statso that a subsequegtd command will begin execution

of that program.
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Default device and default arguments:

The default arguments are given by the valueoaft -file  if diagnostic -mode? isfalse , otherwise by the
value ofdiag -file

The default device is determined by the valubaiit -device if diagnostic -mode? isfalse , otherwise by the

value ofdiag -device . Eitherboot -device ordiag -device may contain a list aflevice-specifierseparated by

spaces. If that list contains only one entry, that entry is the default device. If that list contains more than one entry, the
system attempts to open, as wafren-dev , each specified device in turn, beginning with the first entry in the list and
proceeding to the next-to-last entry. If an open succeeds, the device is closedciswitidev , and thatlevice-
specifierbecomes the default device (it will be subsequently opened again by the loading process). If the last entry is
reached without any prior successful opens, the last entry becomes the default device, without having been opened as part
of the default device selection process.

See also:boot .
Used as:ok load device-specifier arguments <eol>

load (package method) (addr--len) M
Load a client program from device to memory.
Load a client program from the device into memory beginning at adatldsseturninglen, the size in bytes of the
program that was loaded.

If the device can contain several such programsapgtance-argument&@s returned byny-args ) can be used in a
device-dependent manner to select the particular program.

Usage restriction: The package containing tlead method must be open before thad method is executed.

“local -mac-address "X S
Standardgproperty nameo specify preassigned network address.

prop-encoded-array
Array of six bytes encoded witncode-bytes

Specifies the 48-bit IEEE 802.3-style Media Access Control (MAC) (as specified in ISO/IEC 8802-3 : 1993 [B3]) address
assigned to the device represented by the packadeyiok typénetwork ”, containing this property. The absence of
this property indicates that the device does not have a permanently assigned MAC address.

Used as:
create my -mac-address8¢c,0¢,20c,0c, 14c, 5ec,
my-mac -address 6 encode -bytes " local -mac -address" property

NOTE—In many systems, the MAC address is not associated with the individual network devices, but instead with the
system itself. In such cases, the system-wide MAC address applies to all the network interfaces on that system, and
individual network device nodes might not have mac-address properties. In other cases, especially with plug-in network
interface cards that are intended for use on a variety of different systems, the manufacturer of the card assigns a MAC
address to the card, which is reported via thedl -mac-address ” property. A system is not obligated to use that
assigned MAC address if it has a system-wide MAC address.

See also:“network ", “mac-address " andmac-address

loop (C: dodest-sys --) AT
(--) (R:sysl -- <nothing> | sys2 )
Add one to index, then return to the previdasor ?do or exit the loop.
Compilation: (C: dodest-sys --)
Perform the compilation semantics of ANS Fdr@OP Then, if the current definition is temporary and the depth of the

control flow stack is the same as its depth when the temporary current definition was initiated, perform the compilation
semantics of and execute the temporary current definition.

Run-time: (--) (R:sysl -- <nothing> | sys2 )
Same as ANS Forth.

Tokenizer equivalent: b(loop)  -offset

ANS Forth note: Also works outside of a definition.

158



IEEE

CORE REQUIREMENTS AND PRACTICES Std 1275-1994

+loop (C: dodest-sys --) AT

(delta --) (R: sysl -- <nothing> | sys2)
Add deltato index, then return to the previods or exit the loop.

Compilation: (C: dodest-sys --)
Perform the compilation semantics of ANS Fortbop . Then, if the current definition is temporary and the depth of the

control flow stack is the same as its depth when the temporary current definition was initiated, perform the compilation
semantics of and execute the temporary current definition.

Run-time: (delta --) (R: sysl -- <nothing> | sys2)
Same as ANS Forth.

Tokenizer equivalent: b(+loop)  -offset

ANS Forth note: Also works outside of a definition.

Ipeek ( gaddr -- false | quad true ) F 0x222

Attempt to fetch the quadlet gaddr.

Return the data artdue if the access was successfulfalse return indicates that a read access error occurred.

Ipoke (quad gaddr -- okay?) F 0x225

Attempt to store the quadlet ¢addr.

Returntrue if the access was successfulfalse return indicates that a write access error occurred.

Is (--)
Display the names of tretive packags children.

Ishift (x1u--x2) AF 0x27
Shift x1 left by u bit-places. Zero-fill low bits.

Iwflip (quadl -- quad?) F 0x226
Swap the doublets within a quadlet.

Iwflips (gaddr len --) F 0x237
Swap the doublets within each quadlet in the given region.
The region begins aaddrand spanten bytes. The behavior is undefinedeh is not a multiple ofl .

Iwsplit (quad -- wl.lo w2.hi) F 0x7C
Split a quadlet into two doublets.
The high bits of the two doublets are zero.

m* (n1n2--d.prod) A
Signed multiply with double-number product.

mac-address ( -- mac-str mac-len) F 0x1A4

Return a sequence of bytes containing network address.

The address is the Media Access Control (MAC) address to be usettbwaak device. The MAC address is denoted
by a sequence ohac-lenbinary bytes beginning atac-str For example, for the 48-bit IEEE 802.3-style MAC address
whose human-readable representatior8i20:15:12:3e:45 ", mac-address would return an array of 6 bytes
containing 0x08, 0x20, 0x15, 0x12, 0x3E, 0x45.

The method by which the MAC address is determined is system-dependent. For example, in some systems,
mac-address returns a system-wide address stored in a system-dependent location, and in other systems, the return
value is derived from thddcal -mac-address " property (if any) of the package corresponding to the current

instance. Other systems might select thec-address  from a configuration table.
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“mac-address S
Standardgproperty nameo specify network address last used.
prop-encoded-array
Array of 6 bytes encoded witncode-bytes

Specifies the 48-bit IEEE 802.3-style Media Access Control (MAC) address that was last used by the device represented
by the package, afevice typénetwork ”, containing this property. This property is created bydjpen method of a
network device.

NOTE—This property is typically used by client programs that need to determine which network address was used by the
network interface from which the client program was loaded.

map ( phys.lo ... phys.hi virt len ... mode --) M
Create address translation.
Creates an address translation associating virtual addresses begimningret continuing foten ...(whose format
depends on the package) bytes with consecutive physical addresses begpimypsdat.. phys.hModeis an MMU-
dependent parameter (typically, but not necessarily, one cell) denoting additional attributes of the translation, for example
access permissions, cacheability, mapping granularity, etmdéis —1, an implementation-dependent default mode is

used. If there are already existing address translations within the region delimitedamglen .., the result is
undefined.

If the operation fails for any reason, utf@®w to signal the error.
See also:claim , modify ,release |, translate

map-in ( phys.lo ... phys.hi size -- virt ) M
Map the specified region; return a virtual address.
Create a mapping associating the range of physical addresses begiphiyg lat... phys.rand extending fosizebytes
within this device’s physical address space with a processor virtual address. Return that virtuaviaddress

The number of cells in the liphys.lo... phys.hiis determined by the value of thaddress -cells  property of the
node containingnap-in .

If the requested operation cannot be performéldrav shall be called with an appropriate error message, as with
abort"

NOTE—Out-of-memory conditions may be detected and handled properly in the codg mip -in catch

map-low ( phys.lo ... size -- virt) F 0x130
Map the specified region; return a virtual address.
Create a mapping associating the range of physical addresses begiphiys lat.. my-spaceand extending fosize
bytes within this device’s physical address space with a processor virtual address. Return that virtuairddress
Equivalent to:my-space swap "map  -in" $call -parent

The number of cells in the liphys.lo... is one less than the number determined by the value #atiizess -cells
property of the parent node..

If the requested operation cannot be performéldrav shall be called with an appropriate error message, as with
abort"

NOTE—Out-of-memory conditions may be detected and handled properly in the codg mip -low catch
See alsomap-out

map-out (virt size --) M
Destroy mapping from previousap-in .

Destroy the mapping set up ap-in  at virtual addresgirt, of lengthsizebytes.
See also:free -virtual

mask (-- a-addr) F 0x124
variable  to control bits tested witmemory-test -suite

The contents of thigariable  control which bits out of every cell will be tested witlemory-test -suite . To test
all bits, setmask to all ones. To test only the low-order byte of each cell, set just the lower bitssf

Used as: 000000ff mask !
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max (n1ln2--nln2) AF Ox2F
Return greater afil andn2.

“max-frame -size ” S
Standardgproperty nameo indicate maximum allowable packet size.
prop-encoded-array
Integer, encoded witbncode -int

This property, when declared inétwork " devices, indicates the maximum packet length (in bytes) that the physical
layer of the device can transmit at one time. This value can be used by client programs to allocate buffers of the

appropriate length.
Used as: 4000 encode-int " max-frame-size" property

max-transfer (-- max-len) M
Return size of largest possible transfer.

Return the size in bytes of the largest single transfer that this device can perform, rounded down to a multiple of
block-size

“memory” S
Random access memory device type.

Standard string of thedevice_type " property for memory devices.

A standard package with thidévice_type " property value shall implement the following methods:
claim , release

Additional requirements for thdaim andrelease methods:
claim  ([phys.lo ... phys.hi] size align -- base.lo...base.hi) Allocate (claim) addressable resource.
release ( phys.lo ... phys.hi size --) Free (release) addressable resource.

The address format ghys.lo ... phys.hia physical address of the form defined by the parent bus. The allocated
resource is a region of random-access memory.
The allocation length parametgrzeconsists of one or more cells depending on the parent bus. (See
“#size -cells ).
A standard package with thidévice_type " property value shall implement the following properties:
reg” The property values are as defined for the standag] format, with physical

addresses of the form required by the parent bus. The regions of physical address
space denote the physical memory that is installed in the system, without regard to
whether or not that memory is currently in use.

“available " The property values are as defined for the standag] format, with physical
addresses of the form required by the parent bus. The regions of physical address
space denote the physical memory that is currently unallocated by the Open
Firmware and is available for use by client programs.

See also:“available ", claim , “reg ", release , “#size -cells ”

memory-test -suite (‘addr len -- fail? ) F 0x122
Perform tests of memory, startingaatdr for len bytes.

Returntrue if any of the tests fail and display a failure message on a system-dependent diagnostic output device.

The actual tests performed are machine-specific and often vary depending on diagihestic  -mode? istrue or
false
If diagnostic  -mode? istrue , send a message to the console output device giving the name of each test.

The value stored imask controls whether only some or all data lines are tested.

min (n1n2--nln2) AF Ox2E
Return lesser ail andn2.
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mod (n1n2--rem) AF 0x22

Divide n1 by n2; return remainder.

*/mod (n1n2n3--rem quot) A

Calculatenl timesn2; divided byn3.

/mod (nln2--rem quot) AF 0x2A

Divide n1 by n2; return remainder and quotient.

model (strlen--) F 0x119

Create therhodel " property; value is indicated string.

Shorthand command to create a property irettive packagevhoseproperty nameés “model .
Equivalent to: encode -string " model" property

Used as:" XYZCO,1416-02" model

See: “model " glossary entry for more information.

“model ” S

Standardgproperty nameo define a manufacturer’'s model number.
prop-encoded-array
Text string, encoded withncode -string

A manufacturer-dependent string that generally specifies the model name and number (including revision level) for this
device. The format of the text string is arbitrary, although in conventional usage the string begins with the name of the
device’s manufacturer as with thedme” property.

Although there is no standard interpretation for the value ofrttuelél ” property, a specific device driver might use it to
learn, for instance, the revision level of its particular device.

See also:property , model .
Used as:" XYZCO0,1416-02" encode -string " model" property

modify (virtlen ... mode --) M

Modify existing address translation.

Modifies the existing address translations for virtual addresses beginwingaatd continuing folen ...(whose format
depends on the package) bytes to have the attributes specifietigyas withmap.

If the operation fails for any reason, utf@®w to signal the error.

See also:claim , map, release ,translate , unmap

move (' src-addr dest-addr len --) AF 0x78

ms
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Copylen bytes fromsrc-addrto dest-addr

(n--) AF 0x126
Delay for at leash milliseconds.
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my-address (-- phys.lo ...) F 0x102
Return low component(s) of device’s probe address.
phys.lo... are the low components (i.e., all components other thaghgsehicomponent) of the physical address that was

established bget -args when the device node for the current instance was creatsd. 4args  has not been
executed in the context of that node, all address components are zero. The meaning of that physical address is bus-specific.

The number of cells in the liphys.lo... is one less than the number determined by the value #atiizess -cells
property of the parent node.

Usually, this value is used to calculate the location(s) of the device registers, which are then saved as the property value of
the ‘reg ” property and later accessed witty-unit

Historical note: In some prior implementations, the value returnedhipyaddresould change between the time that a
particular FCode program was evaluated and a later time after the corresponding package was finished. Consequently, an
FCode program that needs to be compatible with those older implementations should save the value returned by
my-address  during FCode evaluation (perhaps by creatiograstant  with that value) if it will be needed

afterwards.

my-args (-- arg-str arg-len ) F 0x202
Return thenstance-argumergtring for this instance.

Return thenstance-argumerttring that was passed to the current instance (when the current instance was created).

my-parent (-- ihandle) F 0x20A
Return thehandleof the parent of the current instance.

Return thehandleof the instance that opened the current instance.

my-self (-- ihandle) F 0x203
Return théhandleof thecurrent instancelf there is no current instance, return zero.
my-self  is avalueword; its value can be set with the phraseny-self  , establishing a newurrent instance
my-space (-- phys.hi) F 0x103

Return high component of device’s probe address.

phys.hiis the high component of the physical address that was establisket fargs when the device node for the
current instance was createdsétt -args has not been executed in the context of that nuues.hiis zero. The
meaning of that physical address is bus-specific.

Usually, this value is used to calculate the location(s) of the device registers, which are saved as the property value of the
“reg " property and later accessed with thg-unit command.

NOTE—In some prior implementations, the value returnedgyspacecould change between the time that a particular
FCode program was evaluated and a later time after the corresponding package was finished. Consequently, an FCode
program that needs to be compatible with those older implementations should save the value r

during FCode evaluation (perhaps by creaticgrsstant ~ with that value) if it will be needed afterwards.

my-unit (-- phys.lo ... phys.hi) F 0x20D
Return theunit addresof the current instance.

Theunit addresss set when the instance is created, as follows:

If the node nameaised to locate the instance’s package contained an expilicaddressthat is the instancelsit
address (This explicitunit addresswill match the first component of tleg property, if present. This clause
handles the case where there ise® property, i.e., a “wildcard” node.)

Otherwise, if the device node associated with the package from which the instance was created coegdins a
property, the first component of its property value is the instanci address

Otherwise, the instance{mit addresss O ... 0.

The number of cells in the liphys.lo... phys.hiis determined by the value of thaddress -cells  property of the
parent node.

/n (--n) F 0x5D
The number of address units in a cell.
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/n* (nul--nu2) T
Synonym forcells

Tokenizer equivalent: cells

na+ (‘addrl index -- addr2 ) F 0x61
Incrementaddrl by indextimes the value oh .

nal+ (addrl -- addr2) T
Synonym forcell+

Tokenizer equivalent: cell+

“name’ S
Standardgroperty nameo define the name of the package.

prop-encoded-array
Text string, encoded withncode -string

Represents the name of this package. The string consists of a sequence of 1 to 31 letters, digits, and punctuation characters

from the set;"._+-". The string shall contain, at most, one comma. Uppercase and lowercase letters are considered

distinct.

For plug-in devices, the value string shall begin with a company name string in one of the following forms, followed by a
comma (*,").

“ONNNNNN whereNNNNNNRE a sequence of 6 uppercase hexadecimal digits representing the company’s 24-bit
Organizationally Unique Identifier (OUI) assigned by the IEEE Registration Authority Committee (RAC). To obtain
an OUI, contact:

Registration Authority Committee
The Institute of Electrical and Electronic Engineers, Inc.
445 Hoes Lane
Piscataway, NJ 08855-1331
USA
(908) 562-3815

This is the recommended form of company name, as it is guaranteed to be unique worldwide.

“VWXYZ whereVWXYZs a sequence of from one to five uppercase letters representing the stock symbol of the company
on any stock exchange whose symbols do not conflict with the symbols of the New York Stock Exchange and the
NASDAQ exchange. (In practice, all United States stock exchanges comply with this rule, but other stock exchanges
worldwide do not necessary coordinate their symbols with NYSE and NASDAQ.)

This form of company name is allowed as a concession to existing practice.

“pdaxyz ", wherepdgxyz is any string that cannot be confused for one of the above forms (perhaps by containing
characters that are not allowed by those forms such as lowercase letters, or by being longer than five letters).

This form of company name is permitted, but discouraged, because of the possibility that two different companies
might choose the same name.

A standard package shall define this property.
Used as:

" XYZQ,devname" encode -string " name" property
See also:property , device -name
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named-token (--) F 0xB6
(F: /FCode-string FCode#/ --)
Create a new possibly named FCode function.

FCode evaluation: (F: /FCode-string FCode#/ --)

Read ar-Code-string then arFFCode# from the current FCode program. Create a new FCode function, associating with
it the FCode numbdfCode# The new function's execution semantics are initially undefined; they will be determined
later by the execution of eithb(:) , b(create) ,b(defer) ,b(constant) , b(buffer:) , b(field)

b(variable) , orb(value)

At the system’s discretion (typically controlled fopde -debug? ), either leave the new function unnamed or associate

it with the name given blfCode-string If the function is unnamed, the only way to refer to it later is via its associated
FCode number; it cannot be accessed by name from the user interface or via other mechafieatis lieethod . If

the function is named, it becomes a method of the current node. That method can later be executed with, for example,
$call -method .

FCODE ONLY (Tokenized by defining words imeaders mode)

negate (nl--n2) AF 0x2C
Return negation afl

Equivalent to: 0 swap -

“network ” S
Packet-oriented network device type.

Standard string value of theévice_type ” property for network devices with IEEE 802 packet formats.
A standard package with thidévice_type " property value shall implement the following methods.
open, close ,read , write ,load
Additional requirements for thepen method:
Executemac-address and create afiac-address " property with that value.
Additional requirements for theead method:

Receive (non-blocking) a network packet, placing at most thddir$tytes of that packet into memory starting at
addr. Return the number of bytes actually received (not the number copied into memory), or zero if no packet is
currently available.

Discard packets containing hardware-detected errors, as though they were not received.
Additional requirements for therite  method:

Transmit the network packet of lendém bytes from the memory buffer beginningaadr. Return the number of
bytes actually transmitted.

The packet to be transmitted begins with an IEEE 802 Media Access Control (MAC) header.

Usage restriction: The caller must supply the complete header; the source hardware address will not necessarily be
“automatically inserted” into the outgoing packet.

Additional requirements for tHead method:
Read the default client program into memory, startiregdt, using the default network booting protocol.
A standard package with thidévice_type " property value may implement additional device-specific methods.

A standard package with thidévice_type " property value shall implement the following property if the associated
device has a preassigned IEEE 802.3-style MAC (network) address:

“local -mac-address
NOTE—Such packages often use tlobofy-tftp " support package to implement tHe&d " method.
See also*address -bits ", “max-frame -size

new-device (--) F Ox11F
Start new package, as childaitive package

Create a new device node as a child ofattése packagand make the new node thetive packageCreate a new
instance and make it the current instance; the instance that invekedevice becomes the parent instance of the new

instance.
Subsequently, newly defined Forth words become the methods of the new node and newly defined data items (such as
typesvariable ,value ,buffer: , anddefer ) are allocated and stored within the new instance.
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new-token (--) F 0xB5

(F: /FCode#/ --)
Create a new unnamed FCode function. FolloweB®yde#

FCode evaluation: (F: /FCode#/ --)

Read ar-Code#from the current FCode program. Create a new FCode function, associating with it the FCode number
FCode# The new function’s execution semantics are initially undefined; they will be determined later by the execution of
eitherb(:) , b(create) ,b(defer) ,b(constant) , b(buffer:) , b(field) , b(variable) ,or

b(value)

The new function is unnamed, thus the only way to refer to it later is via its associated FCode number; it cannot be
accessed by name from the user interface or via other mechanisalike-method .

Usage restriction: A standard FCode program shall assv-token only with FCode numbers in the program-defined
range.

FCODE ONLY (Tokenized by defining words imeaderless  mode)

next -property ( previous-str previous-len phandle -- false | name-str name-len true ) 0x23D

nip

Return thenameof the property followingpreviousof phandle

Nameis a null-terminated string that is the name of the property follopiagiousin the property list for devicghandle
If previousis zero or points to a zero-length stringmeis the name of thphandle’sfirst property. If there are no more
properties aftepreviousor if previousis invalid (i.e., names a property that does not exighandlg, nameis a pointer
to a zero-length string.

(x1x2--x2) AF 0x4D
Remove the second stack item.

nodefault -bytes (E: -- addr len)

( maxlen "new-name< >" --)
Create custom configuration variable of sizaxlen

If the requested operation cannot be performéldrav shall be called with an appropriate error message, as with
abort"

NOTE—Out-of-memory conditions may be detected and handled properly in the codg] withdefault -bytes
catch .

Users can create nesonfiguration variabls with thenodefault -bytes command. Although the values of user-
createdconfiguration variabls persist across system resets, in order for them to be accessed Open Firmware must be
“reminded” of their existence after every system reset. Furthermoneodledault -bytes commands creating them
must be executed in the same order each time. For these reaxtefault -bytes is usually executed from the

script

nodefault -bytes creates @onfiguration variablevhose data is of type byte-array. As with other built-in byte-array
configuration variabls, these user-creatednfiguration variable can be set witeetenv (restricted to printable
characters) ogsetenv and can be displayed with thentenv.  command. Howeveget -default  and

set -defaults have no effect on user-creatmhfiguration variable.

Used as: ok 100 nodefault -bytes new -name
Later used as: ( data-addr data-len ) "new -name" $setenv
Later used as: new-name  ( data-addr data-len )

noop (--) F 0x7B

Do nothing.

NOTE—noop is primarily used for debugging or testing purposes, such as a placeholder for patching in other commands
or to provide short delays for debugging device-timing problems.

noshowstack (--)
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Turn off showstack (automatic stack display).

The system default isoshowstack
See: showstack .



IEEE
CORE REQUIREMENTS AND PRACTICES Std 1275-1994

not (x1--x2) T
Synonym forinvert

Tokenizer equivalent: invert

$number (‘addr len -- true | n false ) F OxA2
Convert a string to a number.

Perform the conversion according to the current vallage . Returntrue if an inconvertible character is encountered.

>number (dlstrllenl -- d2 str2 len2) A
Convertstring to a number; add wl.

nvalias ( "alias-name< >device-specifier<eol>" --)
Create nonvolatile device alias; edit #wipt

Create the following command line in theript
devalias  alias-name device-specifier

If the scriptalready contains devalias  line with the samalias name, delete that entry and replace it with the new
entry at the same location in teeript Otherwise, place the new entry at the beginning o$¢hipt

If there is insufficient space in tiseript for the newdevalias command, display a message to that effect and abort
without modifying thescript

If the scriptwas successfully modified, execute the mimvalias command immediately, creating a new memory-
resident alias.

If the scriptis currently being edited (i.eavedit has been executed, but has not been completed with mittere
ornvquit ), abort with an error message before taking any other action.

If the scriptwas successfully modified, buse -nvramrc? isfalse , setuse-nvramrc? totrue .
Used as: ok nvalias alias-name /full/[pathname <eol>

$nvalias ( name-str name-len dev-str dev-len --)
Create nonvolatile device alias; edit Swipt
Performs the same functionmgalias , except that parameters are stack strings. Alias name is specifiedneystring
Device-specifier is specified ldev-string
Used as: ok " new-alias" " device-specifier" $nvalias

nvedit (--)
Enter thescript editor (exit with"c).
nvedit operates on a temporary buffer. If data remains in the temporary buffer from a presgdiis , editing will

resume with those previous contents. If moedit  will read the contents of treeriptinto the temporary buffer and
begin editing the temporary buffer.

Editing continues untitc is typed, at which point editing ceases and normal operation of the command interpreter is
resumed. The contents of the temporary buffer are not automatically saveddapghehenvstore command must be
executed afterwards to save the buffer intositript

The Intra-line Editing keystrokes are used withinghept editor, with some additions.
See: 7.4.4.2.

nvquit (--)
Discard contents afvedit temporary buffer.

Prompt for confirmation of the user’s intent to carry out this function. If confirmation is obtained, discavedite
temporary buffer. Otherwise, take no further action.
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nvramrc ( -- data-addr data-len) N

Contents of thecript

The size of thecriptregion is system-dependent.

While it is possible to alter the contents of flzeipt with setenv  or the$setenv command, use of treeript editor is
preferred.

The contents of thecriptare cleared bget -defaults . Under some circumstances cleared contents can be recovered
with nvrecover

The commands in thecript are interpreted during system start-up, but onlysé -nvramrc?  istrue .
Configuration variable typestring[?]. Suggested default value: an empty string.
See: nvedit for more details on altering its contents.

nvrecover (--)

Attempt to recover lostcript contents.

Attempt to recover the contents of $&iptif they have been lost as a result of the executiaebfdefault  or
set -defaults . Enter the thacript editor as with th@vedit command. In order farvrecover to succeed,
nvedit must not have been executed between the time thattipecontents were lost and the time thatecover
is executed.

nvrun (--)

Execute the contents of thgedit temporary buffer.

nvstore (--)

Copy contents afivedit temporary buffer into thecript

Thenvedit temporary buffer is then cleared. Used afieedit to save the results of an editing session intsthipt

nvunalias ("alias-name< >" --)

Delete nonvolatile device alias from theript

If the script contains alevalias command line with the same namealias-name delete that command line from the
script Otherwise, leave thecriptunchanged. If thecriptis currently being edited (i.eayedit has been executed, but
has not been completed with eitlmnstore  or nvquit ), abort with an error message before taking any other action.

Used as:ok nvunalias alias-name

$nvunalias ( name-str name-len --)

o#t
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Delete nonvolatile device alias from theript

Perform the same function asunalias , except that the alias name is specifiedhagne string
Used as:ok " alias-name" $nvunalias

([number< >] --n) T
Interpret the following number as an octal number (base eight).

Interpretation: ([number< >] --n)

Skip leading space delimiters. Parsgnberdelimited by a space. Convert the strmgnberto an integen using a
conversion radix of eight. Paton the stack. An ambiguous condition exists if the conversion fails.

Compilation: ([number< >] --)

Skip leading space delimiters. Parsgnberdelimited by a space. Convert the strmgnberto an integen using a
conversion radix of eight. Append the run-time semantics given below to the current definition. An ambiguous condition
exists if the conversion fails.

Run-time:run-time (--n)

Placen on the stack.

Interpret the number in octal regardless of the current valoasie . The value irbase is unchanged.
Used as:o# 1001 (513)

Tokenizer equivalent b(lit) xx -byte xx-byte xx-byte xx -byte
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“obp-titp  ” S
Support package, implements TFTP protocol.

See: 3.8.2 for more information.

octal (--) T
Set numeric conversion radix to eight.
Tokenizer: If octal is encountered in FCode source outside a definition, set the tokenizer's numeric conversion radix to

eight. Ifoctal is encountered in FCode source inside a definition, append the following sequence to the FCode program
that is being created.

Tokenizer equivalent: 8 base !

oembanner ( -- text-str text-len ) N
Contain custonbanner text, enabled bpembanner?

Configuration variable typestring[80]. Suggested default value: an empty string.

oembanner? (-- custom?) N
If true , banner displays custom messagedem-banner .

If true , banner displays a custom message instead of the normal system-dependent messages.
If false , banner displays the normal system-dependent messages.
Configuration variable typdoolean Suggested default valuise

oemlogo ( -- logo-addr logo-len) N
Contain custom logo fdsanner , enabled bpem-logo?

This logo is displayed by tHeanner command iiobem-logo? istrue .

The logo is a 512-byte field, representing a 64x64-bit logo bit map. Each bit controls one pixel. The most significant bit of
the first byte controls the upper-left corner pixel. The next bit controls the next pixel to the right and so on.

oemlogo cannot receive arbitrary data wghtenv , but$setenv can be used to set its value.
oemlogo is unaffected bget -default  orset -defaults

Used as: ( logo-addr logo-len) " oem -logo" $setenv

Configuration variable typdaytes[512] Suggested default value: all zeroes.

oemlogo? (-- custom?) N
If true, banner displays custom logo inem-logo
If true, banner will display the custom logo instead of the normal system-dependent logo.
If falsg banner will display the normal system-dependent logo.
Configuration variable typdoolean Suggested default valuise

of (C: case-sysl -- case-sys?2 of-sys) AT
( sel of-val -- sel | <nothing>)
Beginof clause, execute througimdof if params match.

Used within acase statement.
Tokenizer equivalent: b(of) +offset
ANS Forth note: Also works outside of a definition.

off (a-addr --) F 0x6B
Storefalse to cell ata-addr.
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offset (d.rel --d.abs) M

Convert partition-relative disk position to absolute position.

This is a method of the disk label support packdgel is a double-number disk position, expressed as the number of

bytes from the beginning of the partition that was specified in the arguments when the support package wakadysened.

is the corresponding double-number disk position, expressed as the number of bytes from the beginning of the disk. If no
partition was specified when the support package was opened, a system-dependent default partition is used. If the disk
label support package does not support disk partitiodirdpsis equal ta.rel.

offset16 (--) F 0xCC

on

All further branches use 16-bit (not 8-hifffses.
Sets thé=Code-offsesize to 16 bits. Within the current FCode program, subsequent FCode functions thati@adean
offsetread the 16-bit form.

Tokenizer: Execution (once only) afffsetl6é causes the tokenizer to use the 16-bit form, rather than the 8-bit form,
for all subsequerfCode-offset within this FCode program.

A tokenizer may automatically inserffsetl6  at the beginning of an FCode program.

Onceoffsetl6 is executed, the offset size remains 16 bits for the duration of the FCode program; it cannot be set back
to 8 bits. Multiple calls obffsetl6 have no additional effeabffsetl6 is only useful within an FCode program that
begins withversionl . All other starting tokenssfart0 , startl , start2 , andstart4 ) automatically set the

offset size to 16 bits.

FCODE ONLY

(a-addr --) F Ox6A
Storetrue to cell ata-addr.

open (-- okay?) M

Prepare this device for subsequent use.

Typical behavior is to allocate any special resource requirements it needs, map the device into virtual address space,
initialize the device and perform a brief “sanity test” to ensure that the device appears to be working correctly.
Returntrue if this open method was successfédlse if not.

When a device’spen method is called, that device’s parent has already been opened (and so on, up to the root node,
which has no parent), so tlipen method can call its parent’s methods, for instance to create mappings within the
parent’s address space.

Several device types require the existence afm method, particularly those witead andwrite methods.

open-dev ( dev-str dev-len -- ihandle | 0)

Open device (and parents) named by given device-specifier.

Open the device specified lgv-string Returnihandleif successful, or 0 if not. Open each node of the device tree in
turn, starting at the top. Theairrent instancend theactive packagare not changed.

The opening process is as defined in 4.3, using the rules givepdnrdev .

Used as:" device-alias" open -dev

open -package ( arg-str arg-len phandle -- ihandle | 0) F 0x205
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Open the package indicated joyandle
Create an instance of the package identifieghmndle save in that instance tirstance-argumergpecified byarg-
string and invoke the packagedpen method.

Return the instance handi@andleof the new instance, or 0 if the package could not be opened. This could occur either
because that package hasopen method, or because itpen method returnethlse , indicating an error.

The parent instance of the new instance is the instance that inmpé&edpackage . The current instance is not
changed.
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$open -package (‘arg-str arg-len name-str name-len -- ihandle | 0) F 0x20F
Open the support package namedbgne string
Similar tofind -package ...open-package , except thatifind -package fails, returns 0 immediately, without
callingopen -package .
Equivalent to: find -package if open -package else 2drop false then

“/openprom ” S
The node describing this Open Firmware implementation.

See:3.5for a complete description.

“/options " S
The node containing this system’s configuration variables.

See:3.5for a complete description.

or (x1x2--x3) AF 0x24
Return bitwise logical “inclusive-or” af1 andx2.

#out (-- a-addr) F 0x93
variable  holding the output column number.

Increment the value when a character is displayed and reset to zerorwiseexecuted.

output ( dev-str dev-len --)
Select the indicated device for console output.
Search for a device node matching the pathname or device-specifier gidewn-$ty dev-lenThe search process is as

defined in 4.3, using the rules given ford -device |, but restore thactive packagéo its previous package
afterwards.

If such a device is found, search fonitste method.
If thewrite method is found, open the device, as witen-dev .

If any of these steps fails, display an appropriate error message and return without performing the steps following the one
that failed.

If there is a console output device, as indicated by a nozero valuesitddhe  variable, close the console output device.
Setstdout to the ihandle of the newly opened device, making it the new console output device.

Used as:" device-alias" output

output -device ( -- dev-str dev-len) N
Default console output device.
Indicates the console output device to be establishawstall  -console . dev-stringis a device-specifier, containing
either a full device-path or a pre-defined device alias.
Used as: ok setenv output -device device-alias <eol>

Configuration variable typestring[32]. Suggested default valuscreen .

over (X1 x2--x1x2x1) AF 0x48
Copy second stack item to top of stack.

2over (X1 x2 x3 x4 -- x1 x2 x3 x4 x1 x2) AF 0x54
Copy second pair of stack items to top of stack.

pack ('str len addr -- pstr) F 0x83
Pack a text string into a counted string.

Store the stringtr,lenas a counted string beginning at the addaesi, returning the resufistr, which is the same
address aaddr. At most 256 characters, including the count byte, shall be stored in the aadaly. at
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“/packages ” S
The node containing all standard support packages.

For example, thedisk -label ” support package is located in the device tredptckages/disk  -label
See also:3.8.

parse ( delim "text<delim>" -- str len ) A
Parse text from the input buffer, delimited dslim

parse-2int (str len -- val.lo val.hi) F 0x11B
Convert a “hi,lo” string into a pair of values.

In the stringyal.hiis first, separated fromal.lo by a comma.
Used as:" 33,555" parse -2int (555 33)
Perform the conversion according to the current vallage .

If the string does not contain a commaal.lo is zero andral.hiis the result of converting the entire string. If either
component contains non-numeric characters, according to the vaélasen the result is undefined.

parse-word ("text< >" -- strlen)
Parse text from the input buffer, delimited by white space.

Skip leading spaces and parsgnedelimited by a spacestr is the address (within the input buffer) dedis the length
of the selected string. If the parse area was empty, the resulting string has a zero length.

password (--)
Prompt user to set security password.
Prompt the user (twice) to enter a new password, terminated by end-of-line. Do not echo the password on the screen as it
is typed. The password length is zero to eight characters in length. Ignore any additional characters (more than eight).

If the entered password is the same both times, store the new password semgity  -password . Note that
security -mode must be set to enable password protection.

patch ( "new-name< >old-name< >word-to-patch< >" --)
Change contents @ford-to-patch
In the compiled definition ofvord-to-patch change the first occurrenceafl-nameto new-nameWorks properly even if
old-nameand/ornew-nameare numbers.
Used as:ok patch 555 test patch-me
to edit the definition opatch-mereplacing the commartdstwith the literal value 555.
Implementation note:

When replacing a command with a number, an implementation might need to automatically create a named constant value
for the replacement number. (The reason is that Forth commands often compile into a smaller memory space than literal
numbers, so patching a number in place of an existing command is a problem.) A suggested naméfbrmati%.,

the number 555 (hex) would be namédB55 ” . A name containing only digits (i.65655 constant 555 ) is not
recommended, since changingse would cause incorrect evaluation of subsequent uses of that named value.

(patch) (new-n1 num1? old-n2 num2? xt --)
Change contents of command indicatedby
In the compiled definition of the command indicatedkhychange the first occurrenceafl-n2to new-n1 n1 andn2 can

each be either an execution token or a literal number. Thadiad ? if true , indicates thanew-nlis a literal number.
If false , it indicates thahew-nlis an execution token. The flagm2?is interpreted similarly.

Used as:['] new-name false 555 true [] patch-me (patch)
to edit the definition opatch-mereplacing the value 555 with the commameadv-name
See: patch for more information.
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peer ( phandle -- phandle.sibling ) F 0x23C
Return the phandle of the next sibling node.

Phandle.siblings the node identifier of the node that is the next sibling of the device descripbdrimje or zero if
there are no more siblings.dhandleis zero,phandle.siblings the node identifier of the root node.

pick (xu..x1x0u--xu...x1x0xu) AF Ox4E
Copyuth stack item to top of stack.

Remaining stack items are unchanged.
For example:

0 pick <=>dup
1 pick <=>over

postpone (C: [old-name< >] --) AC
(.. - 2?2?)

Delay execution of the immediately following command.

printenv ("{param-name}<eol>" --)
Display current, default value obnfiguration variable(or all).
Parseparam-namedelimited by end-of-line. [param-names missing, display the current and default values of all

configuration variablesOtherwise, display the current and default values ofdnéiguration variablegiven whose name
is param-name

The values are displayed in their output text representation form. The overall display format is implementation-dependent.
A Open Firmware implementation may, at its option, display an abbreviated form of some of the values and may suppress
the display of nonprintable characters.

Used as: ok printenv selftest-#megs<eol>

probe -all (--)
Probe for all available plug-in devices.
Search for plug-in devices on the system-dependent set of expansion buses, creating device nodes for devices that are
located.

NOTE—Undesireable results, such as duplicate device nodes for the same device, mighpoabar4éll is
executed more than once. It is normally executed automatically during system start-up following the evaluation of the
script, but this automatic execution is disabletahner orsuppress -banner is executed from thecript

probe-self (‘arg-str arg-len reg-str reg-len fcode-str fcode-len --) M
Evaluate FCode as a child of this node.

fcode-stringis aunit addresgext string, representing the location of the FCode program for the child device.
reg-stringis aprobe-addressext string, representing the location of the child device itself.

arg-stringis ainstance-argument®xt string, providing the arguments for the child (which can be retrieved within the
child's FCode program with they-args FCode.)

First check to see if there is an FCode program at the indicated location (perhaps by mapping the devicecaeekising
to ensure that the device is present and that the first byte is a valid FCode start byte). If so, perform the function of
new-device (thus creating a new device node), then interpret the FCode program, then perform the function of
finish  -device

If a valid FCode program cannot be located at the indicated address, do not create a new device node.

A typical implementation gprobe-self ~ might executéyte -load andset -args .

NOTE—If the FCode program is a standard package, successful complepiaybetself  will be indicated by the
presence of a new device node containingarie” property. If the evaluation of the FCode program fails in some way,
the new device node might be empty (containing no properties or methods.)

.properties (--)
Display names and values of properties ofabitve package
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property ( prop-addr prop-len name-str name-len --) F 0x110
Create a new property with the given name and value.

If there is acurrent instancecreate a property in the package from whichctimeent instancevas created. Otherwise, if
there is aractive packagecreate a property in ttaetive packagelf there is neither aurrent instancenor anactive
packagethe result is undefined. The new properfy'sperty namas given byname stringand its value is given by the
prop-encoded-arraprop-addr prop-len

If a property with thaproperty namelready exists in the package in which the property would be created, replace its
value with the new value.

See the specifications of individual property for any additional requirements.
Used as: 55 encode -int " my-property-name" property

pwd (--)
Display the device-path that names #utive package

quit (--) (R:...--) A
Abort program execution.

r> (-x) (Rix-) AF 0x31
Move top return stack item to the stack.

Usage restrictions: See ANS Forth return stack restrictions.
ANS Forth note: Usage also allowed while interpreting.

r@ (-x) (Rix--x) AF 0x32
Copy top return stack item to the stack.

Usage restrictions: See ANS Forth return stack restrictions.
ANS Forth note: Usage also allowed while interpreting.

I (nsize--) AF Ox9E
Display a signed number, right-justified.

>r (x--) (R:--x) AF 0x30
Move top stack item to the return stack.

Usage restrictions: See ANS Forth return stack restrictions.
ANS Forth note: Usage also allowed while interpreting.
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“ranges ” S
Standardgproperty nameo define a device’s physical address.

Buses such as SBus and VMEbus, whose children can be accessed with CPU load-and-store operations (as opposed to
buses such as SCSI or IPI, whose children are accessed with a command protocol), require a way to define the relationship
between the physical address spaces of the parent and child nodesnbies “” property provides this capability.

The value of theranges ” property describes the correspondence between the physical address space defined by a bus
node (the “child address space”) and the physical address space of that bus node’s parent (the “parent address space”).
The ‘ranges " property value is a sequence of
child -phys parent -phys size
specificationsChild-physis an address, encoded as vétitode -phys , in the child address spadtarent-physs an
address (likewise encoded as weticode -phys ) in the parent address spaSeeis a list of integers, each encoded as
with encode -int , denoting the length of the child’s address range. The number of integers sizeacitry is
determined by the value of tifsize -cells property ofthis node (the node in which theghges ” property appears)
or 1 if the#size -cells property is absent. The interpretatiorsizieis bus-dependent.

Each specification defines a one-to-one correspondence between the child addresses indhiédrahgs.child-

phystsize-1 and the parent addresses in the rgrgent-physparent-physsize-1. The address ranges thus described

might (and often will) define a sparse address space, i.e., the address ranges need not be consecutive in either the child
address space or the parent address space. Successive specifications are encoded one after another. It is recommended, but
not required, that the specifications be sorted in ascending ordeitdphys

If a “ranges " property exists but has a zero-length property value, the child address space is identical to the parent
address space.

The absence of adnges " property for a bus node indicates that there is no direct correspondence between the child
address space and the parent address space, e.g., the bus is a command protocol bus such as SCSI.

Example: Suppose that a 4-slot, 28-bit SBus is attached to a machine whose physical address space consists of a 32-bit
memory spacephys.h0) and a 32-bit i/o spacphys.hi1). The SBus slots are numbered 0, 1, 2, and 3, and appear in

i/o space at addresses 0x80000000, 0x90000000, 0xA0000000, and 0xBO000000, respectivalgg&be’ property

for this “sbus ” device node would contain the encoded form of the following sequence of numbers:

Child Address Parent Address Size
phys.hi phys.lo phys.hi phys.lo
0 0 1 8000.0000 | 1000.0000
1 0 1 9000.0000 | 1000.0000
2 0 1 A000.0000 | 1000.0000
3 0 1 B0O000000 | 1000.0000
See also:“#size -cells "~
rb!  (FCode function) ( byte addr --) F 0x231

Store a byte to device registeraaidr.

Data is stored with a single access operation and flushes any intervening write buffers, so that the data reaches its final
destination before the next FCode function is executed.

Register is stored with identical bit ordering as the input stack item.

rb!  (user interface) ( byte addr --)
Store a byte to device registeraaidr.
Compilation: (--)

Perform the equivalent of the phrase:

h# 231 get-token if execute else compile, then
Interpretation: ( byte addr --)
Perform the equivalent of the phrase:

h# 231 get-token drop execute

NOTE—A bus device can substitute (st -token ) a bus-specific implementation df!  for use by its children.
This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer flushing. The
given user interface semanticsrbf ensure that such substitutions are visible at the user interface level.
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ro@ (FCode function) (addr -- byte ) F 0x230
Fetch a byte from device registeraaidr.

Data is read with a single access operation.
Result has identical bit ordering as the original register data.

rbo@ (user interface) (addr -- byte )
Fetch a byte from device registeraaidr.
Compilation: (--)
Perform the equivalent of the phrase:

h# 230 get-token if execute else compile, then
Interpretation: (addr -- byte )
Perform the equivalent of the phrase:

h# 230 get-token drop execute

NOTE—A bus device can substitute (st -token ) a bus-specific implementation df@ for use by its children.
This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer flushing. The
given user interface semanticsrbf@ ensure that such substitutions are visible at the user interface level.

read (‘addr len -- actual ) M
Read device into memory buffer; return actual byte count.

Read at moden bytes from the device into the memory buffer beginnirgddr. Returnactual the number of bytes
actually read. Ifictualis zero or negative, the read operation did not succeed.

Some standard device types impose additional requirements oretittimethods; see the descriptions of various device
types (e.g., ietwork ") for more information.

For some devices, tleeek method sets the position for the nesad .

read -blocks (‘addr block# #blocks -- #read ) M
Read#blocks starting ablock# from device into memory.
Read#blocksrecords of lengthlock-size bytes from the device (starting at device blbtck#) into memory
(starting ataddr). Return#read the number of blocks actually read.
If the device is not capable of random access (e.g., a sequential access tapebiimkge,ignored.

recurse (...--??2?) AC
Compile recursive call to the command being compiled.

recursive (--) C
Make current definition visible, for recursive call.

Compilation: (--)
Allow the current definition to be found in the dictionary.

NOTE—Normally, when a colon definition is being compiled, its name is not visible in the dictionary until the definition
is completed. This way a call to that same name finds the previous version, naetsetfive  makes the current
definition visible so that subsequent uses of its name compile recursive calls to itself.
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reg ( phys.lo ... phys.hi size --) F 0x116
Create thereg " property with the given values.

Shorthand command to create a property irattive packagevhoseproperty names “reg ” for buses whose
“#size -cells ” value is one.

Equivalent to:
>r ( phys.lo ... phys.hi) encode -phys (addrlen)
r> (‘addrl lenl size ) encode -int (addrl lenl addr2 len2)
encode+ (addrlen)
"reg" property
Thereg function creates aég " property with a singlehys.lo... phys.hi sizespecification. It is not appropriate to use

reg if the parent specifies a@8ize -cells ” value other than one. To createred' ” property with multiple
specifications, theroperty command must be used.

Used as: my-address 8000 + my-space 40 reg
See also:“#address -cells ", “reg ", “#size -cells

" reg ” S
Standardgproperty nameo define the package’s registers.

prop-encoded-array
Arbitrary number of ghys-addr sizepairs.
phys-addris a phys.lo... phys.h) list, encoded witlencode -phys .
sizeis a list of integers, each encoded vétitode -int

Specifies the range of addressable regions on the devicerelhé froperty represents the physical address, within its
parent node’s address space, of the device associated with the node and also the amount of physical address space
consumed by that device. In general, treg"” property of a node can contain severays.lo... phys.hi size

specifications representing several disjoint ranges of physical address space.

The number of integers in easizeentry is determined by the value of thisize -cells " property in the parent node.
If the parent node has no such property, the value is one. The interpretatiosipééinéries is dependent on the parent
bus.

phys.lo .. phys.hiis typically obtained by modifying the values obtained frograddress my-space , perhaps by
adding the offset of device registers to some component of the base address obtaimgdaioness my-space .

Used agassuming #size -cells " is one)
my-address 8000 + my -space encode -phys
40 encode -int encode+
my-address c000 + my -space encode-phys encode+

8 encode -int encode+
"reg" property
NOTE—The first specifiegphys-addmecomes the defaulnit addresdor subsequent instances of this package. This
value will be used when a precise specification of this card is required (i.e., device tree specifications). For example, in a
device-path of: /.../.../XYZ,devname@3,2000, the “3,2000" is the text representation of thieyfirsd phys.hi
specification in this package’seg " property declaration.

See also:“#address -cells ", my-unit , property ,reg, “#size -cells

.registers (--)
Display saved register values.

Display the register values that were in effect when the program state was saved (i.e., when the program was suspended).
The exact set of registers displayed, and the format, is ISA-dependent.
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“relative  -addressing " S
Standardgproperty nameo indicate firmware addressing style.
prop-encoded-array:
None; presence or absence of the property conveys the information.

The presence of this property indicates that each device node addedesvis i.e., local to the address space defined by
the node’s parent. The absence of the property indicates that device node addresses are absolute addresses within the

system-wide address space.

This property shall be present within #tepenprom node (because this specification requires relative device node
addresses).

release (addr...len...--) M
Free (release) addressable resource.

Freeden ...(whose format depends on the package) bytes of the addressable resource managed by the package containing
this method, beginning at the addressir ...(whose format depends on the package), making it available for subsequent

use.
See also:claim , alloc -mem, “available ", free-mem
remove-abort (--) M

Cease polling for a keyboard abort sequence.

Instruct the device driver to cease periodic polling for a keyboard abort sequence. Executed when the console input device
is changed from this device to another.

repeat (C: orig-sys dest-sys --) AT
(--)
Mark end of abegin ..while ..repeat loop. Jump tdegin .
Compilation: (C: orig-sys dest-sys --)

Perform the compilation semantics of ANS FAREBPEAT Then, if the current definition is temporary and the depth of
the control flow stack is the same as its depth when the temporary current definition was initiated, perform the
compilation semantics of and execute the temporary current definition.

Run-time: (--)
Same as ANS Forth.

Tokenizer equivalent: bbranch -offset b(>resolve)

ANS Forth note: Also works outside of a definition.

reset (package method) (--) M
Put this device into a quiescent state.
The definition of “quiescent” is device-specific. This method is used primarily for permanently installed devices (which
are therefore not probed) that do not automatically assume a quiescent state after a system reset.

Thereset method is not invoked by any standard Open Firmware functions, but may be explicitly executed for
particular “problem” devices in particular Open Firmware implementations.

reset -all (--)
Reset the machine as if a power-on reset had occurred.

This command is used to initiate a system power-on reset, thus re-initializing the hardware state and Open Firmware’s
data structures as if a power-on reset had occurred.
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reset -screen (--) F 0x158
Perform frame-buffer device initialization.
reset -screen is one of thalefer words of the display device interface. The terminal emulator package executes
reset -screen when it has processed a character sequence that calls for resetting the display device to its initial state.
Theopen method that is automatically creatediby-install executeseset -screen after executing

erase -screen as part of the process of initializing ttegminal emulatoris -install automatically creates a
“restore " method that executegset -screen

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

Put the display device into a state in which display output is visible (e.g., enable video).
See also:to , fb8 -install

restore (--) M
Restore device to useable state after unexpected reset.
On some systems, unexpected system errors result in a bus reset that turns off some devices, but does not necessarily
destroy the machine state necessary for debugging the error. In such systems, the system-dependent firmware handler for

that reset condition may execute thstore methods of the console input and output devices, in order to re-enable
those devices for user interaction and subsequent debugging.

NOTE—is -install automatically creates an implementation of this method whose behavior is to execute the
reset -screen defer word.

resume (--)
Exit from a “subordinate interpreter” back to the stepper.

This command is used after thekeystroke was used with the stepper.

return (--)
Execute until return from this subroutine.

ring -bell (--) M
Ring the bell.

Cause the device to emit a brief audible sound (beep).
See also:blink -screen

rl! (FCode function) (quad gaddr --) F 0x235
Store a quadlet to device registegatidr.

Data is stored with a single access operation and flushes any intervening write buffers, so that the data reaches its final
destination before the next FCode function is executed.

Register is stored with identical bit ordering as the input stack item.

rl! (user interface) (quad gaddr --)
Store a quadlet to device registegatidr.
Compilation: (--)

Perform the equivalent of the phrase:

h# 235 get-token if execute else compile, then
Interpretation: (quad gaddr --)
Perform the equivalent of the phrase:

h# 235 get-token drop execute

NOTE—A bus device can substitute (st -token ) a bus-specific implementation 0f for use by its children.
This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer flushing. The
given user interface semanticsribf ensure that such substitutions are visible at the user interface level.
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rl@ (FCode function) (gaddr -- quad ) F 0x234
Fetch a quadlet from device registegatidr.

Data is read with a single access operation.
Result has identical bit ordering as the original register data.

rl@ (user interface) (gaddr -- quad )
Fetch a quadlet from device registegatidr.
Compilation: (--)

Perform the equivalent of the phrase:

h# 234 get-token if execute else compile, then
Interpretation: (gaddr -- quad )
Perform the equivalent of the phrase:

h# 234 get-token drop execute

NOTE—A bus device can substitute (st -token ) a bus-specific implementation 8@ for use by its children.
This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer flushing. The
given user interface semanticsri® ensure that such substitutions are visible at the user interface level.

roll (xu...x1x0u--xu-1...x1x0xu) AF Ox4F
Rotateu+1 stack items as shown.

For example:

1 roll <=> swap
2 roll <=>rot

rot (X1 x2 x3--x2x3x1) AF Ox4A
Rotate top three stack items as shown.

-rot (X1 x2 x3--x3x1x2) F 0x4B
Rotate top three stack items as shown.

2rot (X1 x2 x3 x4 x5 x6 -- x3 x4 x5 x6 x1 x2) AF 0x56
Rotate three pairs of stack items as shown.

rshift (x1u--x2) AF 0x28
Shift x1 right byu bit-places. Zero-fill high bits.

rw! (FCode function) (w waddr --) F 0x233
Store a doublew to device register avaddr.

Data is stored with a single access operation and flushes any intervening write buffers, so that the data reaches its final
destination before the next FCode function is executed.

Register is stored with identical bit ordering as the input stack item.
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rw!  (user interface) (w waddr --)

Store a doublew to device register avaddr.

Compilation: (--)

Perform the equivalent of the phrase:

h# 233 get-token if execute else compile, then
Interpretation: (w waddr --)
Perform the equivalent of the phrase:

h# 233 get-token drop execute

NOTE—A bus device can substitute (st -token ) a bus-specific implementation dif!  for use by its children.
This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer flushing. The
given user interface semanticsrbf ensure that such substitutions are visible at the user interface level.

rw@ (FCode function) (waddr -- w) F 0x232

Fetch a doublew from device register avaddr.

Data is read with a single access operation.
Result has identical bit ordering as the original register data.

rw@ (user interface) (waddr -- w)

#s

Fetch a doublew from device register avaddr.
Compilation: (--)
Perform the equivalent of the phrase:

h# 232 get-token if execute else compile, then
Interpretation: (waddr -- w)
Perform the equivalent of the phrase:

h# 232 get-token drop execute

NOTE—A bus device can substitute (st -token ) a bus-specific implementation nf@for use by its children.
This is sometimes necessary to correctly implement its semantics with respect to bit-order and write-buffer flushing. The
given user interface semanticsraf@ensure that such substitutions are visible at the user interface level.

( [text<">] -- text-str text-len ) AT
Gather the immediately following string.

The description 08" in the ANS Forth “File-Access” wordset applies to this standard. At least two temporary buffers,
used alternately, shall be provided.

Usage restriction: Since an implementation is only required to provide two temporary buffers, a standard program cannot
depend on the system’s ability to simultaneously maintain more than two distinct interpreted strings. Compiled strings do
not have this limitation, since they are not stored in the temporary buffers.

Tokenizer equivalent: b(") len-byte xx-byte xx -byte ... xx -byte

(n--) T
Display a signed number, with a trailing space.

Display the number according to the current valugsise , with a leading minus sign if necessary.
Tokenizer equivalent: (.) type space

(ud--00) AF 0xC8
Convert remaining digits in pictured numeric output.

(- 22)) AF Ox9F
Display entire stack contents, unchanged.

181



IEEE
Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

sbus -intr>cpu ( sbus-intr# -- cpu-intr# ) F 0x131
Converts SBus interrupt level to CPU interrupt level.

For systems with one built-in SBus, return the CPU interrupt guelintr# corresponding to the SBus interrupt level
sbus-intr#for that built-in SBus. For other systems, retcpn-intr# equal tosbus-intr#

sbus -intr>cpu  is used by some existing FCode drivers for devices that interrupt on more than one SBus interrupt
level, to compute the value of thetr " property. That property has been replaced by ihiefrupts " property,

which specifies the SBus interrupt level directly, without requiring that it be converted to the corresponding CPU interrupt
level. It is not always possible for an SBus node to know the mapping from the SBus level to the CPU level, especially in
cases where the SBus node results from a plug-in bridge from some other bus to SBus.

This FCode function should be used only by those FCode programs that require compatibility with older SBus systems. It
should not be used by FCode programs for non-SBus devices. The specification of this property is included here, rather
than in an SBus-specific supplement, because of the possibility that, even on systems that nominally do not support SBus,
SBus devices might be used via a bus-to-bus bridge.

screen -#columns (--n) N
Maximum number of columns on console output device.
Standard display packages use this value to determine the width in characters of their text region. If the device is
incapable of displaying that many columns, the device restrictions prevail.
Configuration variable typenteger Suggested default valug0.

screen -height (-- height) F 0x163
value , return total height of the display in pixels.
screen -height is an internal value used by thié® " and ‘tb8 ” frame-buffer support packagdsl -install
andfb8 -install set it to the value of thefreightargument.
A Standard FCode program shall not directly alter its value.
NOTE—This function is included for historical compatibility. There is little reason for an FCode program to use it.

screen-#rows (--n) N
Maximum number of rows on console output device.
Standard display packages use this value to determine the height in text lines of their text region. If the device is incapable
of displaying that many rows, the device restrictions prevail.
Configuration variable typenteger Suggested default valu24.

screen-width (-- width) F 0x164
value , return total width of the display in pixels.
screen-width is an internal value used by thiét ” and ‘b8 ” frame-buffer support packagdl -install and
fb8 -install set it to theiwidth argument.

A Standard FCode program shall not directly alter its value.
NOTE—This function is included for historical compatibility. There is little reason for an FCode program to use it.

s>d (nl--d1) A
Convert a number to a double number.

security  -#badlogins (--n) N
Contain total count of invalid security access attempts.
This counter is incremented by one, whenever a bad password is entered when attempting to enter the command
interpreter whilesecurity -mode is set (to eithecommandmode oifull  mode).
The value irsecurity  -#badlogins  is not affected by theet -default  orset -defaults commands.
Configuration variable typenteger There is no suggested default value.
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security -mode (--n) N
Contain level of security access protection.

Security mode requires user knowledge of a password to allow use of most commands through the command interpreter.
Used as:ok setenv security -mode full
The following keywords denote the security levels:

none No security, no password required.

command Requires password entry to execute any command exceyat,fooot (default device and default file),
or automatic boot after system power-orboot call.

full  Requires password entry to execute any command excemt fmmmmand. Automatic booting is disabled,
machine will not automatically reboot after a power failure.

The value okecurity -mode is not affected by theet -default  orset -defaults commands.
Configuration variable typesecurity-modeThere is no suggested default value.

NOTE—It is not possible to determine the level of security protection from within a program, as the retlirmed by
this command cannot be related unambiguously to the security level keywords.

security  -password ( -- password-str password-len ) N
Contain security password text string.
The value okecurity -password shall not be displayed whemintenv  is executed. The value of
security -password s not affected by theet -default or set -defaults commands. If the value is set to a

value that contains fewer characters than its prior value, the remaining characters of the prior value should be set to zero to
prevent accidental discovery of a prior password.

Configuration variable typestring[8]. There is no suggested default value.

NOTE—The value okecurity -password is normally set with thpassword command, althougbetenv can
also be used.

see ("old-name< >" --) A
Decompile the Forth commarmdd-name
Used as:ok seeold -name
(see) (xt--)
Decompile the Forth command whose execution tokeh is
Used as:[1] old -name (see)
seek ( pos.lo pos.hi -- status ) M

Set device position for nextad orwrite

Set the device position at which the nesad orwrite will take place. The position is specified by a pair of numbers
pos.lo pos.hiwhose interpretation depends on the device type. Return -1 if the operation fails and either zero or one if it
succeeds.

NOTE—The return value one (1) is meant as a concession to existing practice. Programs thaeese thethod
should treat either of the status values 0 or 1 as an indication of success.

selftest (-- 0| error-code) M
Perform self-test for this device.

Return 0 if successful, a device-specific nonzero error number if an error is detected. The complexity of this test will
typically be much greater than that of the test performed when is called.

This method is typically invoked by the user commaeds ortest-all , viaexecute-device-method

Consequently, the package®pen method has not necessarily been executed bsétitest is invoked.
(execute-device-method does not calbpen, but it is possible for the device to have already been previously

open ed.)selftest should leave the device in a state similar to that befelfeest was executed. Therefore,

selftest is responsible for establishing any device state necessary to perform its function prior to starting the tests and
for releasing any resources that were allocated during the process after completing the tests.

The extent of the testing performeddsliftest may depend on the value returneddiggnostic  -mode? ; if so,
more extensive testing shall be performed wiiegnostic  -mode? returntrue .
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selftest  -#megs (--n) N
Number of megabytes of memory to test.
Theselftest routine of the “memory” node (the node whdsandleis given by the value d€hosen ’s “memory”
property) is a memory test. In most systems that memory test is automatically executed after the secondary diagnostics.

(Some smaller portion of memory is usually tested by POST, as sadftgst  -#megs controls the extent of memory
selftest . If diagnostic -mode? is true, the system may ignore the valusalftest  -#megs .

Configuration variable typenteger Suggested default valuk:

“serial " S
Byte-oriented device type such as a serial port.

Standard string value of theévice_type ” property for serial devices.
A standard package with thidévice_type " property value shall implement the following methods.
open, close ,read , write ,install -abort , remove-abort

A standard package with thidévice_type " property value should implement the following method if an unexpected
system reset can cause the display to become invisible (e.g., the video is turned off) and the display can be restored to
visibility without performing memory mapping or memory allocation operations:

restore
A standard package with thidévice_type " property value should implement the following method if the device has
an audible annunciator that requires some action other than sending an ASCII BEL character in order to make it emit a
beep:

ring -bell
A standard package with thidévice_type " property value may implement additional device-specific methods.
Additional requirements for theead method:

Receive a number of bytes equal to the minimuherand the number of bytes available for immediate reception,
from the device into memory startingaatdr. Returnactual the number of bytes read, or -2 if no bytes are currently
available from that device.

See alsocharacter -set

set -args ( arg-str arg-len unit-str unit-len --) F 0x23F
Set address and arguments of new device node.
unit-stringis a text string representation of a physical address within the address space of the parent device. Translate
unit-stringto the equivalent numerical representation by executing the parent instatem®gé -unit " method. Set

the current instancefgrobe-addres$i.e., the values returned byyaddress andmy-space ) to that numerical
representation.

Copy the stringrg-stringto instance-specific storage, and arrangerfgargs to return the address and length of that
copy when executed from the current instance.

NOTE—set -args is typically used just afterew-device .new-device creates and selects a new device node,
andset -args sets itgrobe-addresand arguments. Subsequently, the device node’s properties and methods are
created by interpreting an FCode program witgte -load or by interpreting Forth source code.

NOTE—The empty string (any string of zero length) is commonly used as the arguments for a new device node, for
example:0 0 " 3,2000" set -args

set -default ( "param-name<eol>" --)
Setconfiguration variableo default value.

Used as:ok set -default nv -name <eol>

Someconfiguration variabls are unaffected bset -default , as noted in individuatonfiguration variablecommand
descriptions.

set -defaults (--)
Reset mostonfiguration variabls to their default values.

Someconfiguration variabls are unaffected bset -defaults , as noted in individuatonfiguration variable
command descriptions.
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setenv ( "nv-param< >new-value<eol>" --)

Set theconfiguration variablenv-paramto the indicated value.

Skip leading space delimiters. Parseparamdelimited by a space. Pansew-valueas the remainder of the input buffer
minus leading and trailing white space.

If new-values the empty string, display an error message and return.

Otherwise, perform the equivalent®getenv , with string arguments denotimgw-valueandnew-value

See Also: $setenv , 7.4.4.1.

Used as:
ok setenv auto -boot? true <eol>
ok setenv selftest -#fmegs 55 <eol>

ok setenvoem -banner This.Is also22 more-text4 <eol>
The stored string in this case iBHis.Is also22 more-text4 "

$setenv ( data-addr data-len name-str name-len --)

set

set

Set the configuration variable name string to new value.

data-addr,lenis a string of characters or bytes representing the new value for the configuration variable whose name is
given byname-str,leninterpret that new value according to the input text representation of that configuration variable’s
configuration variable data type. If the given value string is not suitable for that data type, display an error message.
Otherwise, set the configuration variable to that new value, truncating it to fit the available space if necessary, and then
display the output text representation of that configuration variable’s value.

See Also:setenv , 7.4.4.1.
Used as:" new-value" " nv-name" $setenv

-font (‘addr width height advance min-char #glyphs --) F 0x16B
Set the current font as specified.

The font is used by thdt¥l " and “tb8 ” frame-buffer support packages.

Setchar -height toheight char -width  towidth, andfontbytes  to advance Configure the subsequent behavior
of >font to access the font described by the arguments, according to the font data structure specified below.

The font is a fixed width monochrome character font. The glyphs in the font are represented as follows: A glyph is
represented by a series of horizontal scan line images, from top to bottom. The sets of scan line images representing the
glyphs for successive characters are placed one after the other in character order.

addris the address of the fontidthis the glyph width, in pixeldieightis the glyph height, in scan lines.

advanceis the distance in bytes between the successive scan lines of a glyph. Typicallywitib ¢((L5)/16) * 2), i.e.,
the storage area for a scan line is padded out to a doublet boundary.

min-charis the character number of the first glyph in the font.
#glyphsis the number of glyphs represented in the font.

The number of scan lines images in each glyph is one less than the height. The missing scan line image is assumed to
contain all zeroes. The top scan line image for each glyph must contain all zeroes.

-token ( xt immediate? fcode# -- ) F 0xDB
Assign FCode number to existing function.

Assign the FCode numbfaode#to the FCode function whose execution tokext,isvith compilation behavior specified

by immediateas follows. Ifimmediateds zero, then the FCode evaluator will execute the function's execution semantics
if it encounters that FCode number while in interpretation state, or append those execution semantics to the current
definition if it encounters that FCode number while in compilation statentiediates nonzero, the FCode evaluator

will execute the functions’s FCode evaluation semantics anytime it encounters that FCode number.

show-devs ( "{device-specifier}<eol>" -- )

Show all devices beneath the indicated node.

Skip leading space delimiters. Padevice-specifiedelimited by a space. Discard the remainder of the command line.
Show the full device path for each device in the subtree of the device tree underneath the specified node. The search
process by which the specified node is located is as defirkd iasing the rules given fdind -device . If device-
specifieris the empty string (i.e., there is nothing on the command line follostiog-devs ), show all system devices.

Used as: ok show -devs device -alias <eol>
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showstack (--)
Turn on automatic stack display.

Display entire stack, with a format similar to tlse command, just before eaok prompt.

This feature is be turned off with theshowstack command. The system defaulnisshowstack
Typical implementation: [1] .s is status

See: noshowstack

Psift (text-addr text-len --)
Display all command-names containitext-string

Search the current vocabulary and display the names of all commands which include the speesfisdgas part of the
command-name. Upper and lowercase distinctions are ignored. This command is useful for finding all commands of a
particular “type”, or for finding any command where the name is only partially known.

Used as:" ing" $sift

sifting ("text< >" --)
Display all command-names containitext

Used as: ok sifting text<space>
See: $sift  for more information.

sign (n--) AF 0x98
If n< 0, insert “-” in pictured numeric output.

“#size-cells ” S
Standardgproperty nameo define the package’s addreszeformat.

prop-encoded-array Number encoded as widmcode-int

This property applies to bus nodes. The property value specifies the number of cells that that are used to encode the size
field of a child’s ‘reg " format property. A missing#size-cells " property signifies the default value of one. Plug-in
devices shall use the value specified for that bus, and if unspecified, shall use the default value of one.

For a given bus, the value of this property should be the same on all machines for which that bus could possibly be used,
even if those machines do not all have the same cell size. Consequently, the value of the property is determined in part by
the smallest cell size among all the machines to which the bus can apply.

sm/rem (dn--rem quot) A
Divide d by n, symmetric division.

source (--addrlen) A
Return the location and size of the input buffer.

space (--) AT
Display a single space.
Tokenizer equivalent: bl emit

spaces (cnt--) AT
Displaycnt spaces.

Tokenizer equivalent: 0 max 0 ?do space loop

span (-- a-addr) AF 0x88
variable  containing number of characters receivedkyect .
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startO (--) F OxFO
Begin program wittspread0. Followed by-Code-header.
Set thespreadvalue to zero, thus causing the FCode evaluator to read all bytes of the current FCode program from the

same address. Set the sizéd-Gbde-offsetsto 16 bits. Read aRCode-headefrom the current FCode program and either
discard it or use it to verify the integrity of the current FCode program in an implementation-dependent manner.

FCODE ONLY (the first byte of an FCode program)

startl (--) F OxF1
Begin program wittspreadl. Followed by-Code-header.
Set thespreadvalue to one, thus causing the FCode evaluator to read bytes of the current FCode program from locations

one address unit apart. Set the sizE@bde-offset$o 16 bits. Read alRCode-headefrom the current FCode program
and either discard it or use it to verify the integrity of the current FCode program in an implementation-dependent manner.

FCODE ONLY (the first byte of an FCode program)

start2 (--) F OxF2
Begin program witlspread2. Followed by-Code-header.
Set thespreadvalue to two, thus causing the FCode evaluator to read bytes of the current FCode program from locations

two address unit apart. Set the siz&@bde-offset$o 16 bits. Read aRCode-headefrom the current FCode program
and either discard it or use it to verify the integrity of the current FCode program in an implementation-dependent manner.

FCODE ONLY (the first byte of an FCode program)

start4 (--) F OxF3
Begin program wittspread4. Followed by-Code-header.
Set thespreadvalue to four, thus causing the FCode evaluator to read bytes of the current FCode program from locations

four address unit apart. Set the siz&6bde-offsetso 16 bits. Read aRCode-headefrom the current FCode program
and either discard it or use it to verify the integrity of the current FCode program in an implementation-dependent manner.

FCODE ONLY (the first byte of an FCode program)

state (-- a-addr) AF 0xDC
variable  containingtrue if in compilation state.

state -valid (-- a-addr)
variable  containingtrue if saved-program-statis valid.
Containgrue if saved-program-statis valid,false otherwise. Set todtue by theinit -program command and
by actions that result in the saving of program state.
saved-program-statmust be valid in order for execution wiglo to perform properly.

status (--)
defer word that can be used to modify the user interface prompt.
This is adefer word, initially vectored tamoop, which can be used to display whatever additional information the user
wishes to see with each prompt.
Example:
The following example illustrates a way to show the current numeric base, in parentheses, on the prompt line.

: showbase (--) ."("base@ .d.")";
['] showbase to status

To return to the default condition use the following:
[1 noop to status
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“status " S
Standardgproperty nameo indicate the operational status of this device.

prop-encoded-array
Text string, encoded withncode -string

If this property is present, the value is a string indicating the status of the device, as follows:
“okay”

The device is believed to be operational.
“disabled”

The device represented by this node is not operational, but it might become operational in the future (e.g., an external
switch is turned off, or something isn't plugged in.)

“fail”

The device represented by this node is not operational because a fault has been detected, and it is unlikely that the
device will become operational without repair. No additional failure details are available.

“fail-xxx”

The device represented by this node is not operational because a fault has been detected, and it is unlikely that the
device will become operational without repair. “xxx” is additional human-readable information about the particular
fault condition that was detected.

The absence of this property means that the operational status is unknown or okay.

stdin (-- a-addr)
variable  containing thehandleof the console input device.

“stdin "~ S
Standardgroperty namesontaining thehandleof the console input device.

prop-encoded-array:
Integer, encoded witbncode -int

This property appears in tthehosen node.

stdout (-- a-addr)
variable  containing thehandleof the console output device.

“stdout ” S
Standardgroperty namesontaining thehandleof the console output device.

prop-encoded-array:
Integer, encoded witbncode -int

This property appears in thehosen node.

step (--)

Executes a single machine-code instruction.
Resume client program execution as vgith but only execute one instruction. The effect is as if breakpoints were
established at the possible successors to that instruction and then automatically removed when the breakpoint is handled.

step (-)

Action performed when a singééep occurs.

Execute this command whenever a single step occurs. The default behavionistihetion command.
.step is adefer command, alterable with the command. For example, to display registers at every single step.
Use as:[1] .registers to .step
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stepping (--)
Set “step mode” (default) for Forth source-level debugging.
This mode allows interactive step-by-step execution of the command being debugged. “Step mode” is the default.

While in “step mode”, before the execution of each command called by the debugged command, prompt the user for one of
a number of keystrokes. See 7.5.3.4 for a list of these keystrokes.

See: debug for more information.

steps (n--)
Executestep ntimes.

struct (--0) T
Start astruct ... field definition.

Initialize a structure definition, for use wifield commands. Leave a zero on the stack to define the initial offset.
Tokenizer equivalent: 0
See: field  for more information.

suppress -banner (--)
Abbreviate system start-up sequence insitript.

If executed within thecript, suppress automatic execution of the following Open Firmware start-up sequence:
probe -all install -console banner

suppress -banner is useful for creating custom banners with commands isdhgt, as it suppresses the default
system banner.

See also:banner .

suspend -fcode (--) F 0x215
Pause FCode evaluation if desired; can resume later.

Advise the FCode evaluator that the device identification properties factive packagéave been declared and that it
is safe to postpone the evaluation of the remainder of the package.

If the FCode evaluator chooses to postpone (suspend) evaluation, it saves the state of the evaluation process necessary for
later resumption of the process.

Usage restriction: “name”, “reg ” and ‘device_type " properties must exist in tleetive packagéefore this
command is executed.

This feature is intended to save memory space and reduce the system start-up time by preventing the compilation of FCode
drivers that are not actually used.

swap (x1x2--x2x1) AF 0x49
Exchange top two stack items.

2swap (X1 x2 x3 x4 -- x3 x4 x1 x2) AF 0x55
Exchange top two pairs of stack items.

sym ("name< >"--n)
Return value of client program symbol “name”.

Parsenamedelimited by a space. fym>value returnsfalse , perform the function adibort . Otherwise, return the
symbol valuen corresponding to that symbol name.
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sym>value (addr len -- addr len false | n true )
defer word to resolve symbol names.
Thisdefer command is executed when the symbolic debugger needs to translate a symbol name into its corresponding

value. Ifsym>value is present, the Forth interpreter attempts to perform such translation if a word is neither found in
the normal dictionary search nor recognized as number. The translation is also atterspted by

If a symbol whose name matches the string giveadaly lenis definedsym>value returns the corresponding symbol
value andrue . Otherwisesym>value returns itsaddr lenarguments anthlse

The default action fosym>value , when no symbol table is present, is the actioialskE . A program can provide a
symbol table and uge to install a command to search that symbol tablespto>value .

sync (--)
Flush system file buffers, after a program interrupt.
Equivalent to: callback sync <eol>

The suggested callback behavior of $gac command is to flush system file buffers. This is often used after a client
program has been forcibly interrupted by aborting to the Open Firmware.

test ( "device-specifier<eol>" -- )
Invoke theselftest routine for the specified device.
If the device node specified logvice-specifiehas aselftest method, invoke it witlexecute-device-method
Otherwise display an error message.
NOTE—The self-test routine that is executed might display device-specific error messages.
Used as: ok test device-alias <eol>

test-all ( "{device-specifier}<eol>" -- )
Invoke selftest routines at and below specified node.
For each node in the subtree of the device tree at and below the specified node, or the root node if no node is specified: If
the node has selftest method, invoke it witlexecute-device-method
NOTE—Theselftest routines that are executed might display device-specific error messages.
The system may choose not to test certain active devices that it believes are “unsafe” to test while active.
Used as:ok test -all device-alias <eol>

then (C: orig-sys --) AT
(--)
Terminate anf statement.
Compilation: (C: orig-sys --)
Perform the compilation semantics of ANS FGFtHEN Then, if the current definition is temporary and the depth of

the control flow stack is the same as its depth when the temporary current definition was initiated, perform the
compilation semantics of and execute the temporary current definition.

Run-time: (--)
Same as ANS Forth.
ANS Forth note: Also works outside of a definition.

throw (... error-code -- ??7? error-code | ...) AF 0x218
Transfer back ta@atch routine iferror-codeis nonzero.

The value ofmy-self  shall be restored from the exception frame.
ANS Forth note: also restoremy-self

till (addr--)
Execute until the given address.

Equivalent to: +bp go
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to

( param [old-name< >] --) AT
Changevalue ordefer or machine register contents.

Tokenizer equivalent: b(to) old  -FCode#

ANS Forth note: to can be used with other word typelefer words and machine register names) in addition to those
specified in ANS Forth.

Used as:55 to #lines

toggle -cursor (--) F 0x159

defer , toggle the state of the text cursor.

toggle -cursor is one of thelefer words of the display device interface. The terminal emulator package executes
toggle -cursor when it is about to process a character sequence that might involve screen drawing activity, and
executes it again after it has finished processing that sequence. The first execution removes the cursor from the screen so
that any screen drawing will not interfere with the cursor, and the second execution restores the cursor, possibly at a new
position, after the drawing activity related to that character sequence is firitsipgld. -cursor s also called once

during theterminal emulatoiinitialization sequence.

Any standard package that uses the terminal emulator package shall, as part of the process of opening the terminal
emulator package, set thdsfer word to a function with the following behavior:

If the text cursor is on, turn it off. If the text cursor is off, turn it on. (On a bit-mapped display, a typical
implementation of this function inverts the pixels of the character cell to the right of the current cursor position.)

If the display device hardware has internal state (for example color map settings) that might have been changed by
external software without firmwareknowledge, that hardware state should be re-established to the state that the
firmware device driver requires when the cursor is toggled to the off state (which indicates that firmware drawing
operations are about to begin). This situation can occur, for example, when an operating system is using a display
device, but that operating system uses firmware text output services from time to time, e.g., for critical warning
messages.

See also:to , fb8 -install

tracing (--)

Set “trace mode” for Forth source-level debugging.

This mode causes execution of the word being debugged to be traced, showing the name and stack contents for each
command called by the debugged command.

Continue tracing untstepping is executed or a system reset takes place.

See: debug for more information.

-trailin str lenl -- str len2 A
g

Remove trailing spaces from string.

translate (virt -- false | phys.lo ... phys.hi mode true ) M

true

Translate virtual address to physical address.

If a valid virtual to physical translation exists for the virtual addvé$sreturn the physical addreghys.lo ... phys.hihe
translation modenode andtrue. Otherwise returifialse The physical address format is the same as that of the “memory
node (the node whosieandleis given by the value d€hosen ’s “memory” property). The interpretation afodeis
implementation dependent.

(--true) AT
Return the valugrue (negative one).

Tokenizer equivalent: -1

tuck (X1 x2--x2x1x2) AF 0x4C

Copy top stack item underneath the second stack item.

type ( text-str text-len --) AF 0x90

Displaytext-lencharacters beginning at addréesst-str.
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u# (ul--u2)
Convert a digit in pictured numeric output conversion.

Divide ul by base . Leave the quotient on the stacku&s Convert the remainder digit to a printable character

representation and add it to the text string withhiblel command.
See: (.) and(u.) for examples of use.

u#> (u--strlen)
End pictured numeric output conversion.

Leave the text string on the stack, suitable for use tyjté .
See: (.) and(u.) for examples of use.

u#s (ul--u2)
Convert remaining digits in pictured numeric output.

Repeat the# operation until the quotient is zero.
See: (.) and(u.) for examples of use.

u* (ul u2 -- uprod)
Multiply ul by u2 yieldinguprod all unsigned.

u. (u--)
Display an unsigned number, with a trailing space.

u< (ul u2 -- unsigned-less?)
Returntrue if ulis less tham2, unsigned.

u<= (ul u2 -- unsigned-less-or-equal? )
Returntrue if ulless or equal ta2, unsigned.

u> (ul u2 -- unsigned-greater? )
Returntrue if ulis greater than2, unsigned.

u>= (ul u2 -- unsigned-greater-or-equal? )
Returntrue if ul greater or equal t02, unsigned.

(u.) (u--strlen)
Convert an unsigned number into a text string.

Perform the conversion according to the valuedse .
Tokenizer equivalent: <# u#s u#>

u2/ (x1--x2)
Shift x1 right by one bit-place. Zero-fill high bit.

um* (ul u2 -- ud.prod)
Unsigned multiply with unsigned double-number product.

um/mod (ud u -- urem uquot )
Divide ud by u.
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u/mod (ul u2 - urem uquot) F 0x2B
Divide ul by u2, both unsigned.

unaligned -I! (quad addr --)
Store quadlet taddr, any alignment is allowed.

unaligned -l@ (addr -- quad )
Fetch quadlet froraddr, any alignment is allowed.

unaligned -w! (w addr --)
Store doublet to addr, any alignment is allowed.

unaligned -w@ (addr --w)
Fetch doubletv from addr, any alignment is allowed.

unloop (--) (Risys--) AF 0x89
Discard loop control parameters.

ANS Forth note: Also works outside of a definition.

unmap (virtlen ... --) M
Invalidate existing address translation.
Invalidates any existing address translation for the region of virtual address space begwirtimgétcontinuing folen

... (whose format depends on the package) byrasap does not free either the virtual address space (as with the
release standard method) or any physical memory that was associatednivith

If the operation fails for any reason, utf@®w to signal the error.

until (C: dest-sys --) AT
(done? --)
End abegin ... until loop. Exit loop if flag is nonzero.
Compilation: (C: dest-sys --)

Perform the compilation semantics of ANS FA#iNTIL. Then, if the current definition is temporary and the depth
of the control flow stack is the same as its depth when the temporary current definition was initiated, perform the
compilation semantics of and execute the temporary current definition.

Run-time: (done? --)
Same as ANS Forth.

Tokenizer equivalent: b?branch  -offset

ANS Forth note: Also works outside of a definition.

upc (charl -- char2) F 0x81
Convert ASClicharlto uppercase.
Convert input values between 0x61 and 0x7A (ASCII a-z) to 0x41 through 0x5A (ASCII A-Z). All other input values are
unchanged.

u.r (usize --) AF 0x9C
Display an unsigned number, right-justified.

use -nvramrc? (-- enabled?) N
If true , thescriptis evaluated at system start-up.

If false , thescriptis not evaluated.
Configuration variable typdoolean Suggested default valuise
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user -abort (..) (Ri.o--) F 0x219
After alarm routine is finished, abort program execution.
Used within an alarm routine to signify that the user has typed an abort sequence. When the alarm routine finishes, instead

of returning to the program that was interrupted by the execution of the alarm routine, enter the command interpreter by
calling theabort command.

value (E:--x) AT
( X "new-name< >" --)
Create a named variable, change with

Tokenizer equivalent: new-token |[named-token |external -token b(value)
ANS Forth/tokenizer difference: In FCode sourcejalue cannot appear inside a colon definition.

value>sym (nl--nlfalse | n2 addr len true)
Defer word to resolve symbol values.
Thisdefer command is executed when the symbolic debugger needs to translate a symbol value into its corresponding

name. Ifvalue>sym is present, the disassembler attempts to perform such translation to display symbolic
representations of the addresses that it displays. The translation is also attengded.by

If the symbol table contains a symbol whose value is sufficiently close to, but not greater than, thé value>sym
returns the stringddr lenrepresenting the name of that symbol, the non-negative diffen@rimetween the symbol value
andnl, andtrue . Otherwiseyalue>sym returns itsnl argument andalse

The default action fovalue>sym , when no symbol table is present, is the actioialskE . A program can provide a
symbol table and uge to install a command to search that symbol tablevialoe>sym .

variable (E: -- a-addr) AT
("new-name< >" --)
Create a named variableew-nameeturns address-addr.

Tokenizer equivalent: new-token |[named-token |external -token b(variable)
ANS Forth/tokenizer difference: In FCode sourcejariable cannot appear inside a colon definition.

versionl (--) F OxFD
Begin program wittspreadl. Followed byFCode-header.

Set thespreadvalue to one, thus causing the FCode Evaluator to read bytes of the current FCode program from locations
one address unit apart. Set the sizE@bde-offset$o 8 bits. Read aRCode-headefrom the current FCode program and
either discard it or use it to verify the integrity of the current FCode program in an implementation-dependent manner.

FCODE ONLY

w! (w waddr --) F 0x74
Store doublet to waddr.

See: rw!

w, (w--) F 0xD1
Compile a doubletvinto the dictionary (doublet-aligned).
Allocate two bytes (withallot ) at the current top of the dictionary and store the valirgo that space. The dictionary
pointer must have been doublet-aligned.

w@ (waddr -- w) F Ox6F
Fetch doublet from waddr.

See: rw@

fw (--n) F 0x5B
The number of address units to a doublet: typically, two.
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fw* (nul--nu2) F 0x67
Multiply nulby the value ofw .

w@ (waddr --n) F 0x70
Fetch doublet fromvaddr, sign-extended.

wa+ (‘addrl index -- addr2 ) F Ox5F
Incrementaddrl by indextimes the value ofv .

wal+ (addrl -- addr2) F 0x63
Incrementaddrl by the value ofw .

whbflip (wl--w2) F 0x80
Swap the bytes within a doublet.

The high bits of the input doublet must be zero.

whbflips (waddr len --) F 0x236
Swap the bytes within each doublet in the given region.

The region begins ataddrand spanten bytes. The behavior is undefinedeh is not a multiple ofw .

whbsplit (w -- bl.lo b2.hi) F OxAF
Split a doubletv into two bytes.

The high bits of each of the two bytes are zero.

while (C: dest-sys -- orig-sys dest-sys ) AT
( continue? --)
Mark first clause of degin ..while ..repeat loop.

Tokenizer equivalent: b?branch +offset
ANS Forth note: Also works outside of a definition.

window -left ( -- border-width ) F 0x166
value , return window left border in pixels.
window -left  is avalue thatis used by thef§1 ” and ‘th8 " frame-buffer support packages. It denotes the width in
pixels of the border at the left of the screen, before the first pixel that is part of the text region.

window -left  is set automatically by the execution of eitfier -install orfb8 -install , SO as to center the
text region on the screen. A standard package that uses one of those frame-buffer support packages can subsequently alter
its value in order to move the text region to some screen location other than its normal centered position.

window -top ( -- border-height ) F 0x165
value , return window top border in pixels.
window -top is avalue thatis used by thei1 " and ‘fb8 " frame-buffer support packages. It denotes the number of
display scan lines in the border at the top of the screen, before the first scan line that is part of the text region.

window -top is set automatically by the execution of eitfier -install orfb8 -install , SO as to center the text
region on the screen. A standard package that uses one of those frame-buffer support packages can subsequently alter its
value in order to move the text region to some screen location other than its normal centered position.

within ( n min max -- min<=n<max? ) AF 0x45
Returntrue if nis betweemin andmax-1, inclusive.
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wljoin (w.lo w.hi -- quad ) F 0x7D
Join two doublets to form a quadlet.

The high bits of each of the two doublets must be zero.

write (‘addr len -- actual ) M
Write memory buffer to device; return actual byte count.

Write len bytes to the device from the memory buffer beginnirgddr. Returnactual the number of bytes actually
written. If actualis less thamen, the write did not succeed.

For some devices, tleeek method sets the position for the nexite

write -blocks (‘addr block# #blocks -- #written ) M
Write #blocksfrom memory into device, starting lslbck#

Write #blocksrecords of lengthlock-size bytes from memory (starting atldr) to the device (starting at device
block block#. Return#written, the number of blocks actually written.

If the device is not capable of random access (e.g., a sequential access tapebitmkge,ignored.

word ( delim "<delims>text<delim>" -- pstr ) A
Parse text from the input buffer, delimited dslim

words (--) A
Display the names of methods or commands.

If there is aractive packagedisplay the names of its methods. Otherwise, display an implementation-dependent subset
(preferably the entire set) of the globally visible Forth commands. In either case, the order of display is to display more
recently defined names before less recently defined names.

wpeek (waddr -- false | w true ) F 0x221
Attempt to fetch the doublet atwaddr.

Return the data artdue if the access was successfulfalse return indicates that a read access error occurred.

wpoke (w waddr -- okay? ) F 0x224
Attempt to store the doubletto waddr.

Returntrue if the access was successfulfalse return indicates that a write access error occurred.

xor (x1x2--x3) AF 0x25
Return bitwise logical “exclusive-or” ofl andx2.
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Annex B
Open Firmware terminal emulator control sequences

(normative)

B.1  Introduction
Theterminal emulator support packagmplements an ANSI X3.64 terminal (as specified in ANSI X3.64-1979).
Theterminalemulatorsupportpackageshallinterpretthe commandsequencem the therequiredsubclauseB.2.
It shouldinterpretthe commandsequences the recommendedubclauseB.3. It may interpretand implement
additionalimplementation-dependenbmmandsequencedt shallignore syntacticallyvalid ANSI X3.64 escape
sequencesvhosebehaviorit doesnot implement.It shall display any printable characterthat is not part of an
escape sequence usitigw -character , then shall advance the cursor to the next column as follows:

If the value ofcolumn# is less than the value #€olumns , add one t@olumn# .

Otherwise, perform the functions of “Return” and “Line-feed” as described below.
Notation:

“ESC” represents the “Escape” character (0x1B).

“#” represents an optional numeric parameter.
Other characters represent themselves.

B.2 Required command sequences

The definitions of the following sequences are as given in ANSI X3.64-1979. The teeminiatorstatevariables
that are affectedand the display devicelow-level interfacesthat are usedto implementeachcommandare listed
after the command.

Sequence ANSI X3.64 Mnemonic Affected Words
ESC[#A Cursor up (CUU) Affects: line#
ESC[#B Cursor down (CUD) Affects: line#
ESC[#C Cursor forward (CUF) Affects: column#
ESC[#D Cursor backward (CUB) Affects: column#
ESC[H#HE Cursor next line (CNL) Affects: line#
ESC[#1;#2f Cursor position (CUP) Affects:line# andcolumn#
ESC[#1;#2H Cursor position (CUP) Affects:line# andcolumn#
ESC[J Erase in display (ED) Usesdelete -characters anddelete-lines
ESCIK Erase in line (EL) Usesdelete -characters
ESC[#L Insert line (IL) Usesiinsert-lines
ESC[#M Delete line (DL) Usesdelete-lines
ESC[H@ Insert character (ICH) Usesinsert -characters
ESC[#P Delete character (DCH) Usesdelete -characters
ESC[#m Select graphic rendition  (SGR) * Affects: inverse?
* If the numeric parameter is omitted, the default value is zero. At least the following two graphic renditions shall be
implemented:

— 0, which means normal rendition

— 7, which means negative (reverse) image

If negative image is on, subsequent characters are displayed with the foreground and background colors exchanged
(reversed).
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The following special characters shall also be defined:

Character Mnemonic Affected Words Description
CTRL-G (0x7) Bell (BEL) Usesblink -screen and An audible indicator sounds or a visible
“ring -bell " method indication is given.

CTRL-H (0x8)

Backspace (BS)

Affects: column#

The cursor moves one position to the left on th
current line. If it is already at the left edge of th
screen, nothing happens.

CTRL- (0x9)

Tab (TAB)

Affects: column#

The cursor moves right on the current line to tH
next tab stop. The tab stops are fixed at every
multiple of eight columns. If the cursor is alread
at the right edge of the screen, nothing happe
otherwise, the cursor moves right a minimum ¢
one and a maximum of eight character positior]

CTRL-J (OxA)

Line-feed (LF)

Affects: line#

Uses:delete-lines

The cursor moves down one line, remaining at
the same character position on the line. If the
cursor is already at the bottom line, the screen
scrolls up before the cursor is moved down.

CTRL-K (OxB)

Reverse line-
feed (VT)

Affects: line#

The cursor moves up one line, remaining at th
same character position on the line. If the curs
is already at the top line, nothing happens.

CTRL-L (0xC)

Form-feed (FF)

Affects:line# andcolumn#

Uses:erase -screen

The cursor is positioned to the “home” position
(upper-left corner) and the entire screen is
cleared.

CTRL-M(0xD)

Return (CR)

Affects: column#

The cursor moves to the leftmost character
position on the current line.

B.3 Recommended control sequences

The following escape sequences are not defined by ANSI X3.64. Their descriptions should be as given:

Sequence | Mnemonic | Affected Words Description
ESC|p Normal text | Affects: If inverse -screen? isfalse , does nothing. If
colors inverse -screen? inverse -screen? istrue , sets it tdalse , changes the
andinverse? value ofinverse? to its opposite value (i.e., frotrue to
false or vice versa), and executesert -screen
Uses:
invert -screen The effect of this is to establish the default foreground and
background colors for the entire screen.
ESCl[q Inverse text | Affects: If inverse -screen? istrue , does nothing. If
colors inverse -screen? inverse -screen? isfalse , setsittdrue , changes the
andinverse? value
of inverse? to its opposite value (i.e., frotrue tofalse or
Uses: vice versa), and executi&wert -screen
invert -screen
The effect of this is to establish inverted foreground and
background colors for the entire screen (i.e., the screen
background uses the default foreground color, and vice versa)
ESC[s Reset display | Uses: Resets the display device associated with the terminal emulat
device reset -screen
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Annex C
The tokenizer

(informative)

C.1 Introduction

This standard precisely defines the behavior of FCode binary, but it does not specify either the FCode text format or
the means to convert that text into FCode binary.

Nonethelessit is usefulto havean agreed-uporformat for FCodetext and the meansto convertthat text into
FCodebinary. This annexdocumentsa recommendedormat for FCodetext and a recommendedbehaviorfor a
tokenizemprogram to convert that text into FCode binary.

C.2 Recommended tokenizer behavior

The tokenizerprogrammay be implementedon any convenientsystemof choice.lIts input is a standardext file
(FCode text). Its output is a binary file (FCode binary) in a format suitable for the development system being used.

FCodetext is substantiallysimilar in appearancé normal Forthtext. Certainadditionaltokenizercommandsare
also recognized. Certain Forth commands are not recognized.

The tokenizer'sbehavioris to readwords, one at a time, from the FCodetext file and take appropriateaction.
Appropriate actions are as follows:

— If theword readis an existing FCodename(with an assigned-Code#) generatahe appropriate=Code#tand
append that number to the FCode binary file.

— If the word read is a standard tokenizer macro (indicated by a typestdg, generatéhe appropriateseries
of FCode#sas specifiedin the descriptionof the command.Somemacroswill causemore wordsto be read
from the input FCode text file. These usually have a stack comment including [...], i.e., [text<delim>].

— If the word that was read is a tokenizer-only command (these are listed later), phdappropriateactionas
specified.
— Otherwise, print an error message that the particular word is not recognized.

Tokenizingbehaviorcontinuesuntil the end of the FCodetext file is encounteredlf therewere no errors,the
FCode binary file is created.

Standardtokenizermacros(indicatedby a type-codeof “T”) will generatea streamof FCodesto perform the
equivalentfunction. If the macrois relatively long (more thantwo to four FCodes)and is usedfrequently,this
could havean adverseeffect on the total size of the FCodebinary and could makethe compiledForth dictionary
larger. To avoid this problem, create a duplicai®n definitionin the FCode, as follows:

: 3dup 3dup ;

C.3 Tokenizer-only commands
The following commandsare recognizedby the tokenizerand causespecial actionsto be performedby the

tokenizer.In contrastto mostother Forth commandsthesecommandsare only meaningfulin the contextof an
FCode text file being “tokenized.”
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C.3.1 Manual tokenizer output

Thesecommandsllow the userto generatearbitrary sequencesf FCodebytes This is useful, for example,if
using an oldetokenizerthat does not support some new FCode features.

Within “tokenizer-escapefnode,the basiccommandis emit -byte to manuallyoutputa specifiedFCodebyte.
Sometokenizeramay supportadditionalcommandsaswell. For example a tokenizerwritten in Forth may allow
Forth calculations,do-loops, and even colon definitions within “tokenizer-escape’mode, in order to create
complex sequencef FCode bytes. Tokenizerswritten in other languagesmay chooseto support similar
extensions.

tokenizer| (--) T
Enter tokenizer-escape mode, allowing manual FCode generation.

Save the current tokenizer numeric conversion radix, and set the radix to sixteen (hexadecimal). Enter tokenizer escape
mode so that the tokenizer will interpret all subsequent commands as direct tokenizer commands, not as FCodes. The
emit -byte command may be used while in this mode, to output specified FCode byte(s). Other commands may also be
used, but these are not specified in this document. No FCode is generated by this command.

Tokenizer-escape mode is exited]tmkenizer

FCODE ONLY command.

Jtokenizer (--) T
Exit tokenizer-escape mode, resumes FCode interpretation.
Restore the tokenizer numeric conversion radix to the value saveldnjizer| and exit tokenizer escape mode, thus

resuming the tokenizer's normal behavior of converting words of FCode source to corresponding FCode numbers.
No FCode is generated by this command.

Seetokenizer| for more information.

FCODE ONLY command.

emit -byte ( FCodet# --) T
Output given FCode#, only in tokenizer-escape mode.
Only valid while in tokenizer-escape mode. Adds the specified FCode# to the FCode program that the tokenizer is

creating.
Used as:

tokenizer[ 244 emit -byte Jtokenizer
See: tokenizer| for more information.

FCODE ONLY command.

C.3.2 File inclusion

This commandallows FCodetext programsto be factoredand shared.lt behavessimilarly to the #include
statement in the C language. Arbitrary nesting of included files is allowed.

fload ([filename<cr>] --) T
Insert the specified file at this point.
Used as:
fload filename <cr>

Save the specification of the current FCode text file. Begin tokenizing the FCode text file spedifirtabye When the
specified file is exhausted, restore the saved file and resume tokenizing it.

fload commands may be nested arbitrarily. In other words, the file just loaded may containfitsaslvncommands,
as well as normal FCode text commands.

The behavior ofload inside a definition in FCode source text is unspecified.
The syntax fofilenameis dependent on the system on which the tokenizer is running.
FCODE ONLY command.
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Annex D
Sun4c ™ bus specifics

(informative)

D.1  Overview and references

This annexprovidesan exampleof the applicationof the Open Firmware specificationto a particular system
architecture The structureof this annexis typical of the structureof documentghat “bind” the OpenFirmware
standard to particular buses, and can be used as a template for other such documents.

The architecturedescribedin this annexis the Sun4csystemarchitecture which is the first systemon which
OpenBoot,the ancestoof OpenFirmware,was deployed.The Sun4csystemarchitecture designedfor usewith

SPARC microprocessors, definesiamory managemeunhit (MMU), its associategbhysicaladdresgormat,anda
set of I/O devices to support a uniprocessor multitasking operating system with demand-paged virtual memory.

D.1.1 Definitions of terms
bus node:A device node that represents the characteristics of a Sun4c bus.

child node: A device node that represents a device attached to a Sun4c bus.

D.1.2 References
The characteristicsof the Sun4c system architecturecan be inferred from the specificationsof chip set$

implemening that architecture.The aspectsof the Sun4c architecturethat are relevantto this annex are
summarized within this annex.

D.2 Bus characteristics

D.2.1 Physical address formats and representations

The main physicaladdresduson Sun4cmachinesonsistsof a 1-bit typefield, representingithermemoryspace
(RAM) or I/O space(SBus[B2] and other devices),and a 30-bit offset. Conventionally,this 30-bit rangeis
consideredto be centeredaround zero, so the offset values range from zero to Ox1FFF.FFFFand from
0xE000.0000 to OXFFFF.FFFF.

This physicaladdresss representedumericallyby the type number(zerofor memory,onefor I/O) in the phys.hi
numberandthe offsetin the phys.lonumber.The text string representations “t,offset”, where“t” is eitherthe
character “0” or the character “1”, and “offset” is the ASCII representation of a hexadecimal number.
D.2.2 Bus-specific configuration variables

None.

™ Sun4c is a trademark of Sun Microsystems, Inc.
9 Such chip sets are available from LSI Logic Corporation and perhaps from other vendors.
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D.2.3 Format of a probe list

None. This bus cannot acceptplug-in devices However, most Sun4c implementationshave an SBus [B2]
subordinate to the root node.

D.2.4 Interrupt specification format

The Sun4carchitectureusesthe SPARC processor’'dnterruptsdirectly; thus, interruptsare specifiedas for that
processor. Specifically, interrupt priority levels range from one to fifteen and are not vectored.

D.2.5 FCode interpretation semantics

None. This bus cannot accgpug-in devices

D.3 Bus nodes

In Sun4c systemshe Sun4cbusnodeis theroot nodeof the devicetree, sincethe Sun4cbusis connectedlirectly
to the MMU, andthusis the main physicaladdres$usof the machine.n the earliestOpenBootimplementations,
the root nodeof the devicetreerepresenteaot only the main physicaladdressusbut alsothe characteristicof
the CPU andits associatedMMU (if any). Subsequengxperienceshowsthatit is betterto representhe CPU and
MMU characteristicsn separatenodessubordinateto the root node.RepresentindCPU informationin separate
nodes allows individuadescriptionof the variousCPUsof a multiprocesssystemandprovidesa logical separation
between the bus information and the CPU information.

This annexis historically accuraterepresentinghe CPU characteristicsn the root node,but that shouldnot be
construed as a recommendation for that technique.

D.3.1 Properties
D.3.1.1 Open Firmware-defined properties for bus nodes

Since the Sun4c bus node is the root node afiéwéce treeand thus has no parent address space, theedtlera
“reg ” propertynor a ‘fanges " property.

The following standardproperties,as definedin Open Firmware, have specialmeaningsor interpretationsfor
Sun4c.

“device_type ” S
Standardgproperty nameo specify the implemented interface.
prop-encoded array:

Text string, encoded withncode-string

The historical value for this property for Sun4c machines is the string “cpu”, indicating that the node in question
represents not only the Sun4c physical address bus, but also the characteristics of the main system CPU. This double-use
of the node is an historical accident and is not recommended as a precedent for the future.
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D.3.1.2 Bus specific properties for bus nodes

mips-off S
property nameo specify the CPU performance.

prop-encoded-array:
Integer, encoded witbncode -int

The value of this property indicates the approximate speed of the processor, in millions of instructions per second, when
the cache is turned off. Its primary intended use is for calculating the number of iterations needed by short time-delay
loops.

mips -on S
property nameo specify the CPU performance.

prop-encoded-array:
Integer, encoded witbncode -int

The value of this property indicates the approximate speed of the processor, in millions of instructions per second, when
the cache is turned on. Its primary intended use is for calculating the number of iterations needed by short time-delay
loops.

mmunctx S
property nameo specify the number of MMU contexts.

prop-encoded-array:
Integer, encoded witbncode -int
The value of this property indicates the number of contexts implemented by the system MMU.

mmunpmg S
property nameo specify the number of MMU PMEGs.

prop-encoded-array:
Integer, encoded witbncode -int
The value of this property indicates the number of Page Map Entry Groups implemented by the system MMU.

vac -hwflush S
property nameo indicate the presence of cache-flushing hardware.

prop-encoded-array:
None; the information is conveyed by the presence or absence of the property.

The presence of this property indicates that the virtually addressed cache has hardware support for cache flushing. The
absence of this property indicates that cache flushing must be done with low-level software operations.

vac -linesize S
property nameo indicate the cache line size.

prop-encoded-array:
Integer, encoded witbncode -int
The value of this property is the number of bytes in each line of the virtually addressed cache.

busmaster -regval S
property nameo specify the Ethernet chip hardware configuration.

prop-encoded-array:
Integer, encoded witbncode -int

The value of this property is the value that should be written to the CSR3 register of the AMD 7990 Ethernet chip that is a
standard part of the Sun4c system architecture. A typical value is 0x07, indicating that the BSWP, ACON, and BCON bits
of that register should be set to ones.
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buserr -type S
property nameo specify the type of error registers.

prop-encoded-array:
Integer, encoded witbncode -int

If this property is absent, or if it is present with a value of zero, the system bus error register layout is that of a
SPARCstation-1 machine. If the property is present with a value of one, the system bus error register layout is that of a
SPARCstation-2 machine.

idprom S
property nameo specify the IDPROM contents.

prop-encoded-array:
Byte array, encoded witbhncode-bytes

The 32-byte value of this property is the verbatim contents of the Sun IDPROM structure, which contains the machine’s
serial number, Ethernet address, and other information.

clock -frequency S
property nameo specify the CPU clock frequency.

prop-encoded-array:
Integer, encoded witbncode -int
The value of this property is the frequency in megahertz of the CPU’s external clock.

get -unum S
property nameo specify the address of an address-to-name translation routine.

prop-encoded-array:
Integer, encoded witbncode -int

The value of this property is the virtual address of a subroutine that translates a Sun4c physical address to a human-
readable null-terminated string telling the location on the CPU board of the field-replacable part that contains that address.
The subroutine is called with standard SPARC subroutine calling conventions. The primary use of the subroutine is to
help the operating system display the location of a defective memory module.

NOTE—The use of a property to report the address of a machine language subroutine is not a recommended technique.
The register usage and calling conventions for such subroutines often varies from compiler to compiler, thus the use of
machine language subroutines creates a dependency on a particular compiler.

D.3.2 Methods
D.3.2.1 Open Firmware-defined methods for bus nodes

Sun4cbusnodesimplementthe following standardmethodsasdefinedin OpenFirmware,with physicaladdress
representations as specified in D.2.1.

decode -unit (‘addr len -- phys.lo ... phys.hi) Convert text unit-string to physical address.
map-out (virt size --) Destroy mapping from previousap-in .

map-in ( phys.lo ... phys.hi size -- virt ) Map the specified region; return a virtual address.
close (-) Close this previouslgpen ed device.

open (-- okay?) Prepare this device for subsequent use.
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D.3.2.2 Bus-specific methods for bus nodes

decode-space (addr len -- phys.hi) M
Convert text string tphys.hi

Convert the address space named by the siddglento the numerical representation of the high component of the
physical addresshys.hi Either of the strings “mem” or “obmem” is converted to the numerical value 0, and either of the
strings “io” or “obio” is converted to the numerical value 1.

D.4 Child nodes

D.4.1 Properties
D.4.1.1 Open Firmware-defined properties for child nodes

The following standard properties, as defined in Open Firmware, apply to &uifdtnodeswith physical address
representations and interrupt formats as specified in D.2.1.

“reg” Standardgproperty nameo define the package’s registers.
“interrupts " Standardgroperty nameo define the interrupts used.

D.4.1.2 Bus-specific properties for child nodes

None.

D.4.2 Methods

There are no special requirements onnte¢hodsof Sun4cchild nodesbeyond those described in Open Firmware.

D.5 User interface extensions

This sectiondescribeccommandghat are only applicableto Sun4csystemsor have specialmeaningwhen used
with Sun4c systems.

D.5.1 Bus-specific interpretations of standard commands

None.

D.5.2 Bus-specific FCodes

None.

D5.3 Bus-specific FCodes

An OpenFirmware-complianuserinterfaceon a Sun4csystemshouldimplementthe following Sun4c-specific
user interface commands.

obio (-- space)
Theon-boardl/O address space; for mapping.
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obmem (-- space)
Theon-boardmemory address space; for mapping.

sbus (-- space)
The SBus address space; for mapping.

pgmap@ (virt -- pme)
The page map entgmecorresponds to the virtual addreds.

pgmap? (virt --)
Display the page map entry corresponding to the virtual addiress

pgmap! ( pme virt --)
Store a page map enfoynefor the virtual addreseirt.

smap@ (virt -- pmeg)

The segment map entpynegcorresponds to the virtual address.

smap? (virt --)
Display the segment map entry for the virtual addvass

smap! ( pmeg virt --)
Store a segment map entry for the virtual addvess

map? (virt --)
Display the multi-level MMU mappings corresponding to the virtual addiess

cache -off (--)
Disable the CPU cache.

cache -on (--)
Enable the CPU cache.

cacheable ( space -- cache-space )
Adjust the address spaspaceso the subsequent address mapping is cacheable.

cdata@ ( offset -- data )
datais atoffsetfrom the start of the CPU cache.

cdata! ( data offset --)
Storedata at offsetfrom the start of the CPU cache.

clear -cache (--)
Invalidate all the entries in the cache.

ctag@ ( offset -- value )
The cache tagalueis atoffsetfrom the beginning of the CPU cache.

ctag! (value offset --)
Storevalueat theoffsetfrom the start of the CPU cache.
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aerr!

Write the asynchronous error register.

aerr@

Read the asynchronous error register.

averr!

Write the asynchronous virtual address register.

averr@

Read the asynchronous virtual address register.

aux!
Write the auxiliary register.

aux@

Read the auxiliary register.

context!
Write the context register.

context@
Read the MMU context register.

dcontext@
Read the cache context register.

enable!
Write the system enable register.

enable@
Read the system enable register.

idprom@

(data --)

(--data)

(data --)

(--data)

(data --)

(--data)

(data --)

(--data)

(--data)

(data --)

(--data)

( offset -- data )

Read the idprom byte affsetfrom the start of the idprom.

interrupt  -enable!
Write the interrupt enable register.

interrupt -enable@
Read the interrupt enable register.

serr!
Write the synchronous error register.

serr@
Read the synchronous error register.

sverr!

Write the synchronous error virtual address register.

(data --)

(--data)

(data --)

(--data)

(data --)

IEEE
Std 1275-1994
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sverr@ (--data)
Read the synchronous error virtual address register.

pagesize (--size)
The page size of the CPU MMU.

segmentsize (--size)
The segment size of the CPU MMU.

map-page ( phys space virt --)

Create a mapping for physical addrpbgs spacéo virtual addressirt. Bothphysandvirt, if not already on a page
boundary, are truncated to the next lower page boundary.

map-pages ( phys space virt size --)

Performs consecutive callsttap-pages to map the range of physical addresses beginniplgyat spacand extending
for sizebytes to a range of virtual addresses beginnimitat

map-segments ( smentry virt size --)
Map a memory region witemap! .

D.6 Client execution environment

NOTE—The followinginformationwould typically be specifiedin a documendescribingthe applicationof OpenFirmwareto
a particularsystem.Suchinformationwould usuallybe considerednappropriatefor a documentdescribingthe applicationof
OpenFirmwareto a standardbus. The informationis included here becausehis annexappliesto the entire Sun4csystem
architecture, not just to the Sun4c bus.

When a client beginsexecution,PMEGsOxFF, OxFE, OXxFD, and OxFC, ... (as needed)are alreadyin use.Only
contextO is used.PMEG OxFF is usedas the invalid PMEG and is filled with invalid PTEs. Unusedvirtual
addresseareinvalidated.All unusedsegmentsre setto the invalid PMEG. All unusedmemorypagesare setto
the invalid PTE.

All memoryis scrubbedeithersetto 0 or read/writtento cleanout start-upparity error artifacts).Parity is turned
off. All cache tags are cleared before use. Some pages are marked cacheable, and the cache is turned on.

The trap table isetsothata routineto savethe stateof the CPU s installedin all trap vectorsexceptfor window-
overflow (trap 0x05), window-underflow (trap 0x06), and interrupt-level-14(trap Ox1E). The interrupt-control
registeris setto enablelevel-14interruptsfor a counter,andto allow any interrupts.The processor-interrugevel
is set to 13. The counter-limit value is set to interrupt evenp4d.0
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Annex E
SCSI host adapter package class

(informative)

E.1 Overview and references

This annexdescribeghe applicationof OpenFirmwareto the Small ComputerSystemdnterface(SCSI) busand
addresses nodes representing SCSI host adapters.

E.1.1 Definitions of terms

bus node:A device node that represents theerface,or “host adapter,’betweera SCSlbusandits parent(which
may be another bus).

child node: A device node that represents an SCSI “target” device.

E.1.2 References

SCSI(Small ComputerSystemdnterface)is a peer-to-peet/O busdefinedby ISO/IEC 10288: . . . [B4], which
will supersede ISO/IEC 9316 : 1989 when it is approved and published.

E.2 Bus characteristics

E.2.1 Physical address formats and representations

SCSI devices are addressed with a 4-bit “target” number and a 3-bit “unit” number.

The numericalrepresentatiomn an SCSIlbus physicaladdresonsistsof the targetnumberin the high number
and the unit number in tHew number. The text string representatiotaigiet,unit wheretargetandunit areboth
hexadecimahumbers.Future SCSI extensionshave proposedargetaddressspacegyreaterthan 4 bits and unit
addressspacedargerthan 3 bits. The given addresgepresentatiomllows for up to 32 bits for eachof the target
and unit addresses.

SCSlis not a memory-mappedous. Operationson target devicesare performedby executinga transaction

consistingof multiple phasesincluding selectinga particulartargetdevice,sendinga multibyte commandto the
target, possibly transferring multiple data bytes to or from the target, and returning status.

E.2.2 Bus-specific configuraton variables

None.

E.2.3 Format of a probe list

None.

E.2.4 Interrupt specification format

None (SCSI has no interrupts).
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E.2.5 FCode interpretation semantics

None (SCSI has no provision for device identification via FCode.)

E.3 Bus nodes

E.3.1 Properties
E.3.1.1 Open Firmware-defined properties for bus nodes
The following standargroperty, as defined in Open Firmware, has special meaning or interpretation for SCSI:

“device_type ” S
Standardgprop-nameto specify the implemented interface.

The meaning of this property is as defined in Open Firmware. A package conforming to this specification and
corresponding to a device that implements an SCSI Bus shall implement this property with the strirggsaRie ™.

E.3.1.2 Bus-specific properties for bus nodes

None.

E.3.2 Methods
E.3.2.1 Open Firmware-defined methods for bus nodes

A packagemplementing thescsi-2 " device typeshall implement the followingtandardnethodsasdefinedin
Open Firmware, with physical address representations as specified in E.2.1:

open (-- okay?) M
Prepare this device for subsequent use.

close (--) M
Close this previouslgpen ed device.

dma-alloc (... size --virt) M
Allocate a memory region for later use.

dmafree (virt size --) M
Free memory allocated wittma-alloc

decode -unit (‘addr len -- phys.lo ... phys.hi) M

Convert text unit-string to physical address.

E.3.2.2 Bus-specific methods for bus nodes

A packagemplementing thescsi-2 " device typeshall implement the following bus-specifitethods

max-transfer (--n)
Returns the maximum DMA transfer length supported by the hardware.
set -address (unit# target# -- )

Sets the SCSI target number (0x0..0xf) and unit number (0..7) to which subsequent compignds ap

210



IEEE
CORE REQUIREMENTS AND PRACTICES Std 1275-1994

set -timeout (msecs --)

Sets the maximum length of time in milliseconds that the driver will wait for the completion of a command. The default
value of zero means to wait indefinitely. A hardware error result is reported for a command that times out.

show-children (--)

Searches the SCSI bus for attached target devices and theiabanits. Displays the information that the SCSI
“Inquiry” command reports for those devices.

execute -command ( buf-addr buf-len dir cmd-addr cmd-len -- hw-err? | statbyte 0)

Executes the SCSI command, which is stored in memanydtaddrand whose length md-len. Diris true if the data
transfer phase of the SCSI command will transfer data from the device to memory, and false othdraikkis the

address of the memory buffer to be used for the data transfer phabef-¢emis the expected maximum length of the

data transfer phase. The memory buffer must be contained within a DMA-accessible region that was returned by a
previous execution afmaalloc . If buf-lenis zero, indicating that the command is not expected to have a data transfer
phase, botlbuf-addranddir are ignoredHw-err?, the returned hardware error status, is nonzero if theneom could

not be executed at all (perhaps due to the device not responding to the selection attewet)?lfis zero statbyteis

the status byte returned by the status phase of the command.

retry -command ( buf-addr buf-len dir cmd-addr cmd-len #retries -- O | hw-err? stat | sensebuf 0 stat )

Executes a SCSI command, automatically retrying under certain condigtys. -command is similar to

execute -command except thatretry -command automatically retries under certain taié conditions and

automatically executes the “request sense” SCSI command as nedéstagsis the maximum nutver of times that the
command will be retried; #retriesis —1, the command will be retried indefinitetgtry -command returns 0 if the

command eventually succeeds. Otherwise, it returns thes digte returned by the last attempted command on top of the
stack (-1 if the command failed due to a hardware error). The second number on tHenstxcR (ndicates whether or

not the extended sense information is availablewkerr? is zero, the third number on the stas&r(sebyfis the address

of a memory buffer containing theterded sense information returned by the “request sense” command that was executed
after the last attempt to execute the desiredncand. The criteria for whether or not to retry the command are as follows:

a) If the requested number of retries have already bedorp®d, do not retry.

b) If the failure is due to a hardware error, do not retry.

c) If the failure was due to a “device busy” condition reported in the status byte, retry.

d) Otherwise, execute the “get extended status” command and attempt to determine whether or not the failure could be
retried based on the data in the returned sense buffer)assfol

1) Unknown error class (not 7) is not retryable.

2) Filemark is not retryable.

3) End of media is not retryable.

4) lllegal length indicator is not retryable.

5) sense key = No Sense is retryable.

6) sense key = Recoverable error is retryable.

7) sense key = Not Ready is retryable.

8) sense key = Unit Attention is retryable.

9) Transaction aborted due to Incoming SCSI Bus reset is retryable
10) Otherwise, the error is not retryable.

no-data -command (cmd-addr -- error?)
Executes a simple SCSI command, automatically retrying under certain conditions.

cmd-addris the address of a 6-byte command buffer containing an SCSI command that does not have a data transfer
phase. Executes the command, retrying indefinitely with the same retry critegtayas-command.

error? is nonzero if an error occurred, zero otherwise.

NOTE—no-data -command is a convenience function. It provides no capabilities that are not present in
retry -command, but for those commands that meet its restrictions, it is easier to use.
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short-data  -command ( data-len cmd-addr cmd-len -- error? | data-adr 0 )
Executes a simple SCSI command, automatically retrying under certain conditions.

cmd-addris the address amind-lenthe length of a command buffer containing an SCSI command whose data transfer
phase is expected to transfer less than 256 bytes in an incoming diréatatenis the expected length (1..255) of the
data transfer. Executes the command, retrying indefinitely with the same retry critetiy ascommand.

error? is nonzero if an error occurred, zero otherwisernr? is zerodata-adris the address of a buffer containing the
data transferred by the execution of the command.

NOTE—short-data -command is a convenience function, eliminating the need for allocating a DMA buffer. It is
primarily intended for use with “informational” SCSI commands like “read block limits” and “inquiry”.

diagnose (--error-code | 0)

Performs a simple self-test for a generic SCSI device.

Perform an SCSI “test-unit-ready” command on the currently selected target and uset (se#dress ). If that fails,
display a message indicating the details of the failure and return a nonzero error code. Otherwise, perform an SCSI “send-
diagnostic” command, returning zero if it succeeds or a nonzero error code fif it fails.

E.4 Child nodes

E.4.1 Properties

E.4.1.1 Open Firmware-defined properties for child nodes
None.

E.4.1.2 Bus-specific properties for child nodes

None.

E.4.2 Methods

E.4.2.1 Open Firmware-defined methods for child nodes
None.

E.4.2.2 Bus-specific methods for child nodes

None.

E.5 User interface extensions

None.
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E.6 Sample driver code
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This subclause contains the source codafdfCodeprogramimplementinga driver for a hypotheticalSCSIhost
adapter device. This source code can be processetbkgrazemprogram that behaves as described in annex C.

E.6.1 overall.fth

\ FCode driver for hypothetical SCSI host adapter

hex

" XYZIl,scsi" name \ Name of devic

" XYZ1,12346-01" model \ Manufacturer'
" scsi-2" device-type \ Device implem
30 intr \ Device interr

external

\ These routines may be called by the children of t

\ This card has no local buffer memory for the SCSI
\ depends on its parent to supply DMA memory. For
\ local buffer memory, these routines would probabl
\ that local memory.

:dma-alloc (n--vaddr) " dma-alloc" $call-p
:dma-free  (vaddrn--) " dma-free" $call-pa
:dma-sync  (vaddr devaddr n--) " dma-sync"
:dma-map-in (vaddr n cache? -- devaddr) " dma
: dma-map-out ( vaddr devaddr n --) " dma-map-ou
- max-transfer (--n)

" max-transfer" [] $call-parent catch if 2dr

\ The device imposes no size limitations of its

\ limitations could be described here, perhaps b

\ my-max-transfer min

fload scsiha.fth
fload hacom.fth
new-device
fload scsidisk.fth \ scsidisk.fth also loads s
finish-device
new-device
fload scsitape.fth \ scsitape.fth also loads s

finish-device

end0

E.6.2 scsiha.fth

\ Example FCode driver for a hypothetical SCSI bus
hex

\ The following structure defines the registers for
\ This hypothetical device is designed for ease of
\ has a separate register for each function (no bit
\ registers are both readable and writeable. The d

e node

s model number

ents SCSI-2 method set
upts on level 3, no vector

his device.
device, so it

a device with
y allocate from

arent ;

rent ;

$call-parent ;
-map-in" $call-parent ;
t" $call-parent ;

op h# 7fff.ffff then
own; if it did, those
y executing:

csicom.fth

csicom.fth

interface device

the SCSI device.
programming. It
packing). All

evice has a random-
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\ access buffer large enough for a maximum-length S CSI command block.

\ To execute a SCSI command with this device, write the appropriate

\ information into the registers named ">cmd-adr" t hrough ">input?", write

\ a 1 to the ">start" register, and wait for the "> start” register to

\ change to 0. Then read the ">phase" register to

\ not the command completed all phases (">phase" re

\ h# fd for incoming reset, h# ff for other hardwar
\ If so, ">status" contains the SCSI status byte, a

determine whether or
ports 0 on success,

e error).

nd ">message-in"

\ contains the command-complete message byte.

struct ( scsi-registers )

Oc field >cmd-adr \ Up to 12 comman d bytes

4 field >cmd-len \ Length of comma nd block

4 field >data-adr \ Base address of DMA data area

4 field >data-len \ Length of data area

1 field >host-selectid \ Host's selectio niD

1 field >target-selectid ~ \ Target's select ion ID

1 field >input? \ 1 for data outp ut; 0 for data input
1 field >message-out \ Outgoing messag e byte

1 field >start \ Write 1 to star t. Reads as 0 when done.
1 field >phase \ Reports the las t transaction phase
1 field >status \ Returned status byte

1 field >message-in \ Incoming messag e byte

1 field >intena \ Write 1 to enab le interrupts.

1 field >reset-bus \ Write 1 to rese tthe SCSI bus.

1 field >reset-board \ Write 1 to rese t the board.

constant /scsi-regs

\ Now that we have a symbolic name for the size of the register block,
\ we can declare the "reg" property.

\ Registers begin at offset 800000 and continue for "/scsi-regs" bytes.

my-address 80.0000 + my-space /scsi-regs reg

-1 instance value regs \ Virtual base ad dress of device registers
0 instance value my-id \ host adapter's selection ID

0 instance value his-id \ target's select ion ID

0 instance value his-lun \ target's unit n umber

\ Map device registers

:map (--)
my-address 80.0000 + my-space /scsi-regs (ad dr-low addr-high size )
" map-in" $call-parent to regs )

unmap (--)

regs /scsi-regs " map-out” $call-parent -1 to regs

create reset-done-time 0 ,
create resetting false ,

\ 5 seconds appears to be about the right length of time to wait after

\ a reset, considering a variety of disparate devic es.
d# 5000 value scsi-reset-delay
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: reset-wait (--)
resetting @ if
begin get-msecs reset-done-time @ - 0>= un
resetting off
then

: reset-scsi-bus (--)
1 regs >reset-board rb! \ Reset the contr
Oregs >intena  rb! \ Turn off interr
1 regs >reset-bus rb! \ Reset the SCSI

\ After resetting the SCSI bus, we have to give

\ some time to initialize their microcode. Othe

\ may hang, as with some older controllers. We
\ is okay to access the bus (now plus some delay
\ will delay until that time is reached, if nece

\ This allows us to overlap the delay with other

get-msecs scsi-reset-delay + reset-done-time !

0 value scsi-time \ Maximum command time in m
0 value time-limit  \ Ending time for command

: set-timeout ( msecs --) to scsi-time ;
0 value devaddr

\ Returns true if select failed
: (exec) (dma-adr,len dir cmd-adr,len -- hwresult
reset-wait \ Delay until any prior res

his-lun h# 80 or regs >message-out rb! \ Set un
my-id  regs >host-selectid rb! \Setth
his-id  regs >target-selectid rb!

\ Write the command block into the host adapter

dup 0 ?do (data-adr,len
overi+c@ (data-adr,len
regs >cmd-adr i ca+ rb! (data-adr,len

loop (data-adr,len

regs >cmd-len rl! drop ( data-adr,len

\ Set the data transfer parameters.

(.. dir) regs >input? rb! (data-adr,len
(..len)regs >data-lenrl! ( data-adr)

(.. adr) regs >data-adr rl! ()

\ Now we're ready to execute the command.
1 regs >start rb! \ Tell bo
get-msecs scsi-time + to time-limit \ Set the

begin regs >start rb@ while \ Wait un

scsi-time if \ If time
get-msecs time-limit - 0>= if \ the tim
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til
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upts.

bus.

the target devices

rwise the first command
note the time when it

), and "execute-command"”
ssary.

work in many cases.

resetting on

illiseconds

et operation is done.

it number; no disconnect.
e selection IDs.

s command register

dir cmd-adr,len’)

dir cmd-adr,len cmd-byte )
dir cmd-adr,len))
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dir)

) \ Direction
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\ DMA Address
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reset-scsi-bus true exit \resett he bus and return error.
then
then
repeat
\ Nonzero phase means that the command didn't fi nish.

regs >phase rb@

\ Returns true if select failed

: execute-command ( data-adr,len dir cmd-adr,len -- hwresult | statbyte false)
\ Temporarily put dir and cmd-adr,len on the ret urn stack to get them
\ out of the way so we can work on the DMA data buffer.
>r>r>r ( data-adr,len)
dup if (data-adr,len)
\ If the data transfer has a nonzero length, we have to map itin.

2dup false dma-map-in (data-adr,len dma
2dup swap r>r>r>  (data-adr,len dma dma,len dir cmd-adr,len)

(exec) ( data-adr,len phys hwres)

>r swap dma-map-out r> (hwresult)

else (data-adr,len )
r>r>r> (exec) (hwresult)
then (hwresult)
?2dup O= if (hwresult | )
regs >status rb@ false \ Command finished; r eturn status byte and false.
then (hwresult | statbyte 0)
external

:reset (--) map reset-scsi-bus unmap ;
reset \ Reset the SCSI bus when we are probed.

: open-hardware ( -- okay? )
map

\ Should perform a quick "sanity check” selftest here,
\ returning true if the test succeeds.

true
: reopen-hardware (-- okay?) true ;

: close-hardware (--) unmap ;
: reclose-hardware (--) ;

: selftest (-- 0| error-code )

\ Perform reasonably extensive selftest here, di splaying
\ a message and returning an error code if the
\ test fails and returning O if the test succeed S.

0
set-address (unit target -- )

to his-id to his-lun

1
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E.6.3 hacom.fth

\ Common code for SCSI host adapter drivers

\ The following code is intended to be independent
\ SCSI hardware implementation. It is loaded after
\ file that defines execute-command, set-address, o

headers

-1 value ing-buf \ Address of inqu
-1 value sense-buf \ Holds extended

0 value #retries (--n) \ number of times

\ Classifies the sense condition as either okay (0)
\ or non-retryable (-1)
: classify-sense (-0|1]-1)

sense-buf

\ Make sure we understand the error class code.
dup c@ h# 7fand h# 70 <> if drop -1 exit th

\ Check for filemark, end-of-media, or illegal b
dup 2+ c@ h#e0 and if drop -1 exit then

2+c@ h#fand (sense-key)

\ no_sense(0) and recoverable(1) are okay.
dup 1 <= if drop O exit then (sense-key)

\ not-ready(2) and attention(6) are retryable.
dup2=swap6= or if 1 else -1 then

0 value open-count
external

\ The SCSI device node defines an address space for
\ address space is of the form "target#,unit#". ta

\ both integers. parse-2int converts a text string

\ a pair of binary integers.

: decode-unit (addr len -- unit# target# ) parse

:open (-- okay?)
open-count if
reopen-hardware dup if open-count 1+ to op
exit
else
open-hardware dup if
1 to open-count
100 dma-alloc to sense-buf
100 dma-alloc to ing-buf
then
then

:close ()
open-count 1- to open-count
open-count if
reclose-hardware
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else
close-hardware
ing-buf 100 dma-free
sense-buf 100 dma-free
then

headers
create sense-cmd 3c¢,0c¢,0¢c,0c,ffc,Oc,

:get-sense (--) \lIssue REQUEST SENSE, whic
sense-buf ff true sense-cmd 6 execute-command

\ Give the device a little time to recover before r
: delay-retry (--) 1000 0 do loop ;

0 value statbyte \ Local variable used by retry?

\RETRY? is used by RETRY-COMMAND to determine whet
\ command, considering the following factors:

\ - Success or failure of the command at the hardw
\ this level is usually fatal, except in the cas

\ - The value of the status byte returned by the ¢

\ - The condition indicated by the sense bytes

\ - The number of previous retries

\

\ The input arguments are as returned by "scsi-exec
\ On output, the top of the stack is true if the co

\ otherwise the top of the stack is false and the r

\ returned by retry-command are underneath it; thos
\ of error that occurred.

:retry? (hw-result | statbyte O -- true | [[sens
case
0 of to statbyte endof\ No hardware error
1 of true exit endof\ Retry after incom
(hw-result) true false exit \ Other har
endcase

statbyte O= if false false exit then \If su

statbyte 2 and if \"Check Condition", so g
get-sense classify-sense case
\ If the sense information says "no sense
0 of false false exit

\ If the error is fatal, return "sense-buf
-1 of sense-buf false statbyte false ex
endcase

\ Otherwise, the error was retryable. Howeve

\ have already retried the specified number o

\ retry again; instead return sense buffer an

#retries 0= if sense-buf false statbyte fal
then

\ Don't retry if vendor-unique, reserved, interm
\ "condition met/good" bits are set. Return "no-
statbyte h# f5 and if true statbyte false exi

\ Don't retry if we have already retried the spe
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\ of times. Return "no-sense,status".
#retries 0= if true statbyte false exit then

\ Otherwise, it was either a busy or a retryable
\ so we retry.

true

\ RETRY-COMMAND executes a SCSI command. If a chec
\ performs a "get-sense" command. If the sense byt
\ condition (e.g., power-on reset occurred, not rea

\ error), the command is retried until the conditio

\ changes to a fatal error.

\

\ The command is retried until

\ a) The command succeeds, or

\ b) The select fails, or dma fails, or

\ ¢) The sense bytes indicate an error that we can'

\ d) The number of retries is exceeded.

\ #retries is number of times to retry (0: don't re
\

\ sensebuf is the address of the sense buffer; it i
\'if f-hw is 0 and error? is nonzero. The length o
\ is 8 bytes plus the value in byte 7 of the sense

\ f-hw is nonzero if there is a hardware error -- d

\ etc. -- or if the status byte was neither 0 (okay

\

\ error? is nonzero if there is a transaction error

\ f-hw and sensebuf are not returned.

\

\ If sensebuf is returned, the contents are valid u

\ retry-command. sensebuf becomes inaccessable whe
\

\ dma-dir is necessary because it is not always pos
\ direction from the command.

\ Local variables used by retry-command?
0 instance value dbuf \ Data transfer b
0 instance value dlen \ Expected length

0 instance value direction-in  \ Direction for d

\ Command base ad
\ Actual length o

-1 instance value cbuf
0 instance value clen

external

: retry-command ( dma-buf dma-len dma-dir cmdbuf ¢
(... - [[sensebuf] f-hw] error?
to #retries to clen to cbuf to direction-in

begin
dbuf dlen direction-in cbuf clen execute-c
retry?
while
#retries 1- to #retries
delay-retry
repeat

headers
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\ Collapses the complete error information returned
\ a single error/no-error flag.

:error? (false | true true | sensebuf false true
dup if swap 0= if nip then then

external

\ Simplified "retry-command"” routine for commands w
\ and simple error checking requirements.

: no-data-command ( cmdbuf -- error? )
>r 00true r>6 -1 retry-command error?

\ short-data-command executes a command with the fo
\ a) The data direction is incoming
\ b) The data length is less than 256 bytes

\ The host adapter driver is responsible for supply

\ buffer; if the command succeeds, the buffer addre

\ The buffer contents become invalid when another S
\ executed, or when the driver is closed.

: short-data-command ( data-len cmdbuf cmdlen -- t
>r>r ing-buf swap true r>r>-1 retry-comma
error? dup 0= if ing-buf swap then

headers

\ Here begins the implementation of "show-children"
\is intended to be executed interactively, showing

\ devices that are attached to the SCSI bus.

\ Tool for storing a big-endian 24-bit number at an

:3c! (naddr--) >rlbsplitdrop r@ c! r@ 1+

\ Command block template for Inquiry command
create inquiry-cmd h#12¢,0c,0¢c,0c,ffc, 0

:inquiry (- error?)
\ 8 retries should be more than enough; inquiry
\ supposed to respond with "check condition".

ing-buf ff true inquiry-cmd 6 8 retry-comman

\ Returns true if the target number "select-id" res
\ command.
: probe-target ( select-id -- present? )

0 swap set-address inquiry 0=

\ Reads the indicated byte from the Inquiry data bu

1ing@ (offset -- value ) ing-buf + c@ ;
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:.scsil-inquiry (--) ing-buf5 ca+ 4ing@ fa
:.scsi2-inquiry (--) ing-buf 8 ca+ d# 28 type

\ Displays the results of an Inquiry command to the

: show-lun (unit target -- )
over swap set-address (
inquiry if drop exit then (
0ing@ h# 7f = if drop exit then (

SoUnitt o (
1ling@ h#80and if ." Removable " then (
0ing@ case (

0 of ." Disk " endof

1of ."Tape" endof

2 of ." Printer" endof

3 of ." Processor " endof

4 of " WORM" endof

5 of ." Read Only device" endof
(default) ." Device type " dup .h
endcase (

1ling@ h# 7fand ?dup if ." Qualifier " .h

4 spaces
3ing@ Of and 2 = if .scsi2-inquiry else .s
cr

external

\ Searches for devices on the SCSI bus, displaying
\ for each device that responds.

: show-children (--)
open 0= if ." Can't open SCSI host adapter” ¢

80 do
i probe-target if
" Target"i.cr
80 do ijshow-lun loop
then
loop
close
headers

\ The Diagnose command is useful for generic SCSI d

\ It executes both "test-unit-ready" and "send-diag
\ commands, decoding the error status information t

create test-unit-rdy-cmd 0c,0c,0c,0c,
create send-diagnostic-cmd h# 1dc,4 ¢, 0c, Oc,

: send-diagnostic ( -- error? ) send-diagnostic-cm

external

: diagnose ( -- error?)
00 true test-unit-rdy-cmd 6 -1 ( dma$ dir
retry-command if ([ sensebu
" Test unit ready failed -" ([ sensebu
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min type ;

indicated device.

unit )
unit )
unit )
)
)
)

)

then

csil-inquiry then

the Inquiry information

r exit then

evices.
nostic"
hey return.

0c,Oc,
0c,Oc,

d no-data-command ;

cmd$ #retries )
f] hardware-error? )
f] hardware-error? )
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if
." hardware error (no such device?)" cr
else ('sensebuf
."extended status ="cr  ( sensebuf
base @ >r ( sensebuf
8 bounds ?do i3 u.r loopcr ()
then
true
else
send-diagnostic ( fail?)
then

headers

E.6.4 scsicom.fth

\ This file contains some words that are useful for
\ SCSiI disk and SCSI tape device drivers.

\ The SCSI disk and SCSI tape packages need to expo
\ methods so the deblocker can allocate DMA-capable

external
:dma-alloc (n--vaddr) " dma-alloc" $call-par
:dma-free (vaddrn--) " dma-free" $call-par
headers

: parent-max-transfer (--n) " max-transfer" $

\ Calls the parent device's "retry-command" method.
\ assumed to be a driver for a SCSI host adapter (d

: retry-command ( dma-addr dma-len dma-dir cmd-add
(... false) \ No err
(... - true true) \ Hardwa
(... - sensebuf false true ) \ Fatal
" retry-command" $call-parent

\ Simplified command execution routines for common
: no-data-command ( cmdbuf -- error? ) " no-data-

: short-data-command ( data-len cmdbuf cmdlen -- t
" short-data-command" $call-parent

\ Some tools for reading and writing 2-, 3-, and 4-

\ SCSI command and data buffers. The ones defined
\ the SCSI disk and the SCSI tape packages. Other
\ used only by one of the packages are defined in t

\ are used.

;+c! (naddr--addr') tuckc! 1+ ;
:3c! (naddr--) >rlbsplitdrop r>+c! +c! c

:-c@ (addr--naddr) dupc@ swap 1- ;

:3c@ (addr--n) 2+ -c@ -c@ c@ 0 blj
14c@ (addr--n) 3+ -c@ -c@ -c@ c@  blj
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\ "Scratch" command buffer useful for construction

create cmdbuf 0¢,0¢,0¢,0c,0c,0c,0¢c,0
:cb! (byte index --) cmdbuf +c! ; \W

\ The deblocker converts a block/record-oriented in
\ interface, using internal buffering. Disk and ta

\ block- or record-oriented, but the OBP external i
\'in order to be independent of particular device b

0 instance value deblocker
: init-deblocker ( -- okay?)
"" " deblocker" $open-package to deblocker
deblocker if
true
else
." Can't open deblocker package" cr false
then

headerless
: selftest (-- error?)
fcode-revision h# 3.0000 >= if
my-unit " set-address" $call-parent
" diagnose” $call-parent
else
0
then

1

headers

E.6.5 scsidisk.fth

\ SCSiI disk package implementing a "block" device-t

" sd" encode-string " name" property
"block” device-type

fload scsicom.fth \ Utility routines for SCSI comman

hex

\ 0 means no timeout
: set-timeout ( msecs --) " set-timeout” $call-p

0 instance value offset-low \ Offset to start o
0 instance value offset-high

0 instance value label-package

\ Sets offset-low and offset-high, reflecting the s
\ partition specified by the "my-args" string.

: init-label-package ( -- okay?)
0 to offset-high 0 to offset-low
my-args " disk-label" $open-package to label-p
label-package if
00 " offset" label-package $call-method to
true
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of read and write commands
c,0c,0c,0c,Oc,

rite byte to command buffer
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ds

arent ;
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offset-high to offset-low
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else
." Can't open disk label package" cr false
then

\ Ensures that the disk is spinning, but doesn't wa
create sstart-cmd h# 1bc,1¢c,0c,0c,1¢c,0c

: timed-spin (-- error?)
d# 15000 set-timeout
sstart-cmd no-data-command
0 set-timeout

0 instance value /block \ Device native blo

create mode-sense-cmd h#1ac,0c,0c,0c,d
create read-capacity-cmd h#25c¢,0¢,0c,0¢c,d
0c,0c,0c,Oc,

: read-block-size (--n) \Ask device about
\ First try "mode sense" - data returned in byte

d# 12 mode-sense-cmd 6 short-data-command if
?2dup if exit then

\ Failing that, try "read capacity" - data retur

8 read-capacity-cmd Oa short-data-command if
?2dup if exit then

d# 512 \ Default to 512 if the dev

external

\ Return device block size; cache it the first time
\ This method is called by the deblocker.
: block-size (--n)

/block if /block exit then \ Don't ask

read-block-size dup to /block

headers

\ Read or write "#blks" blocks starting at "block#"

\ Input? is true for reading or false for writing.
\Command is 8 for reading or h# a for writing.

\ We use the 6-byte forms of the disk read and writ

:2c! (naddr--) >rlbsplit 2drop r> +c!
24c! (naddr--) >rlbsplit r> +cl +c!

: riw-blocks (‘addr block# #blks input? command --
3 pick h# 100000 u>= if \ Use 10-byte form (
h# 20 or O cb! \ 28 (read) or 2a (write) (
-rot swap (
cmdbuf 2 + 4c! (
dup cmdbuf 7 + 2¢!
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d# 10 (

else \ Use 6-byte form (
0 ch!
-rot swap (
cmdbuf 1+ 3c! (
dup 4 cb! (
6

(

then
tuck >r>r (‘addr input? #blks
/block * swap cmdbufr>-1  (addr #bytes i
retry-command if ([ sensebuf]

0=if drop then r>drop 0
else ()

r>
then (actual#)

external

\ These three methods are called by the deblocker.

> max-transfer (--n) parent-max-transfer ;
: read-blocks (addr block# #blocks -- #read )
: write-blocks ( addr block# #blocks -- #written )

\ Methods used by external clients

:open (--flag)
my-unit " set-address" $call-parent

\ It might be a good idea to do an inquiry here
\ device configuration, checking the result to s
\really is a disk.

\ Make sure the disk is spinning.
timed-spin if false exit then
block-size to /block

init-deblocker 0= if false exit then

init-label-package 0= if
deblocker close-package false exit
then

true

:close ()
label-package close-package
deblocker close-package

: seek ( offset.low offset.high -- okay? )
offset-low offset-high x+ " seek" deblocker

:read (addr len -- actual-len) " read" debloc
: write (addr len -- actual-len ) " write" debloc
load (addr -- size) "load" label-

headers
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addr dir #blks cmd-len’)
addr block# #blks dir cmd )
addr block# #blks dir )
addr dir #blks block# )
addr dir #blks )

addr dir #blks )

addr dir #blks cmd-len )

) ( R: #blks cmd-len )

nput? cmd cmd-len #retries )
hw?)

true d# 8 r/w-blocks ;
false d# 10 r/w-blocks ;

to determine the
ee if the device

$call-method

ker $call-method ;
ker $call-method ;
package $call-method ;
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E.6.6 scsitape.fth

\ SCSI tape package implementing a "byte" device-ty
\ Supports both fixed-length-record and variable-le

" st" encode-string " name" property
"byte"  device-type

fload scsicom.fth \ Utility routines for SCSI comman
hex

external

false instance value at-eof?  \ Turned on when

headers

false instance value fixed-len? \ True if the dev
false instance value written?  \ True if the tap

0 instance value /tapeblock  \ Max length for
\ actual length f

create write-eof-cmd h#10c¢,1¢,0c,0c, 1c,
external

\ Writes a file mark.

: write-eof (-- error? ) write-eof-cmd no-data-c

headers

\ Writes a file mark if the tape has been written s
\ or rewind or write-eof.

: ?write-eof (--)
written? if
false to written?
write-eof if ." Can't write file mark." cr
then

create rewind-cmd 1c¢,1¢,0c¢,0c,0c,Oc,

srewind (--error?) \ Rewinds the tape.
?write-eof
false to at-eof?
rewind-cmd no-data-command

create skip-files-cmd h#11c,1¢,0c,0¢,Oc,

: skip-files (n --error?) \ Skips n f
?write-eof
false to at-eof? (

n
skip-files-cmd 2 + 3c! 0
skip-files-cmd no-data-command ( error? )
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\ Asks the device its record length.
\ Also determines fixed or variable length.

create block-limit-cmmd 5¢,0c,0c,0c,0c,0
:2c@ (addr--n) 1+ -c@ c@ bwj

: get-record-length (--)
6 block-limit-cmd 6 short-data-command if

d# 512 true ( blocksize fix

else (buffer)
dupl+3c@ swap4+2c@ (max-len min-l
over = ( blocksize fix

then ( blocksize fix

to fixed-len? ( blocksize )

dup parent-max-transfer u> if ( blocksize )
drop parent-max-transfer ~ ( blocksize')
then (blocksize )

to /tapeblock )

true instance value first-install?  \ Used for

\ Words to decode various interesting fields in the
\ Used by actual-#blocks.

\ Incorrect length

2ili? (statbuf - flag) 2 +c@ h# 20 and 0<>

\ End of Media, End of File, or Blank Check

: eof? (statbuf -- flag )
dup 2 +c@ h#cOand 0<> swap 3 +c@ h#fand

\ Difference between requested count and actual cou

:residue ( statbuf -- residue ) 3 +4c@ ;
0 instance value #requested \ Local variable for r
\ Decodes the status information returned by the SC

\ determine the number of blocks actually tranferre

: actual-#blocks ( [[xstatbuf] hw-err? ] status --

if \ Error (t
if  \ Hardware error; none tranferred ()
0 false (0
else \Decode status buffer (x
>r #requested (#
r@ ili? r@ eof? or if (#
r@ residue - (#
then (#
r> eof? (#
then
else  \no error, #request = #xfered ()
#requested false (#
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oin ;

ed-len)
en)

ed-len?)
ed-len?)

rewind-on-first-open.

extended status buffer.

nt

/w-some and actual-#blocks

S| command to
d.

#ixfered flag )
rue | xstatbuf false )

false )

statbuf )

requested ) ( r: xstatbuf )
requested ) ( r: xstatbuf )
xfered) (r: xstatbuf)
xfered) (r: xstatbuf)
xfered flag )

xfered flag )
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then
to at-eof?

\ Reads or writes at most "#blks" blocks, returning
\ of blocks transferred, and an error indicator tha
\ fatal error occurs or the end of a tape file is r

: rlw-some ( addr #blks input? cmd -- actual# erro
0 cb! swap (‘addr dir #blks
fixed-len? if (‘addr dir #blks

\ If the tape has fixed-length records, multi
\ requested number of blocks by the record si

dup to #requested (‘addr dir #blks
dup /tapeblock * swap 1 (addr dir #byte

else \ variable length (‘addr dir #byte

\ If the tape has variable length records, tr

drop /tapeblock (‘addr dir #byte
dup to #requested (‘addr dir #byte
dup 0 (‘addr dir #byte

then (‘addr dir #byte

1 cb! cmdbuf 2 + 3c! (‘addr dir #byte

swap cmdbuf 6 -1 (dma-addr,lend

retry-command actual-#blocks ( actual#)

\ Discard (for read) or flush (for write) any bytes
\ the deblocker.

: flush-deblocker (--)
deblocker close-package init-deblocker drop

external

\ The deblocker package calls max-transfer to deter
\ internal buffer size.

- max-transfer (--n)
fixed-len? if
\ Use the largest multiple of /tapeblock that
parent-max-transfer /tapeblock / /tapebloc
else
ltapeblock
then

\ The deblocker package calls block-size to determi
\ granularity for accesses.

: block-size (--n)

fixed-len? if /tapeblock else 1 then

\ The deblocker uses read-blocks and write-blocks t
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\ The assumption of sequential access is guaranteed
\ called from the deblocker. Since the SCSI tape p
\ own "seek" method, the deblocker seek method is n
\ deblocker's internal position only changes sequen

: read-blocks ( addr block# #blocks -- #read )
nip (‘addr #b

\ Don't read past a file mark
at-eof? if 2drop O exit then  (addr#b

true 8 r/w-some (#read)

: write-blocks ( addr block# #blocks -- #read )

nip (‘addr #b
true to written? (addr #b
false h# a r/lw-some (#writte

\ Methods used by external clients
:read (addr len -- actual-len) " read" debloc

:write (addr len -- actual-len)
"write" deblocker $call-method  (actual-
flush-deblocker \ Make the tape structure

:open (-- okay?)
my-unit " set-address" $call-parent

\ It might be a good idea to do an inquiry here
\ device configuration, checking the result to s
\really is a tape.

first-install? if
rewind if
" Can't rewind tape" cr
false exit
then
false to first-install?
then

get-record-length

init-deblocker  (okay?)

:close (--)
deblocker close-package
?write-eof

0 value buf
h# 200 constant /buf

\ It would be better to keep track of the current f

\ just seek forward if the requested file number/po
\ than the current file number/position. Taking ca
\ conditions would be tricky though.
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locks ) \ Sequential access

locks )

locks ) \ Sequential access
locks )
n)

ker $call-method ;
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:seek ( byte# file# -- error? )

flush-deblocker (byt
rewind if 2drop true exit then (byt
?2dup if (byt
skip-files if drop true exit then ( byt
then (byt
?2dup if (byt
/buf alloc-mem to buf
begin dup 0> while (#re
buf over /buf min read (#re
dup O= if 2drop true exit then (#re
- (#re
repeat (0)
drop O
buf /buf free-mem O
then ()
false (no-
:load (loadaddr -- size )
my-args dup if (loa
$number if (loa
" Invalid tape file number"cr  (loa
drop 0 exit (0)
then (loa
else (loa
nip (loa
then (loa
0 swap seek fif (loa

" Can't select the requested tape file" cr
0 exit

then (loa

\ Try to read the entire tape file. We ask for
\ (almost 2 Gbhytes), and let the deblocker take
\ breaking it up into manageable chunks. The op

\ will cease when a file mark is reached.

h# 70000000 read

(siz

headers
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et file# )
et file# )

et file# )
e#)
e#)

e#)

maining )
maining #read )
maining #read )
maining')

error)

daddr addr len)
daddr)
daddr)

daddrn)
daddr addr 0)
daddr0)
daddr file# )

daddr)

daddr)
a huge size

care of
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Annex F
Answers to common questions

(informative)

F.1What is the expected (not required) overall flow of the use of Open Firmware?

At power-ontime the platform and all plug-in optionsdo any necessarynternal self-testand initialization. The
scope of Open Firmware begins when the platform starts to determine ibpdlogy,i.e., determinewhatdevices
are reachableand by what physical pathsthroughthe bus system.The OpenFirmwarein the platform builds a
devicetree datastructureto representhis topology by askingeachbusnodeto probeitself, thusfinding what de-
vices are installed and creating nodescontaining their device namesand properties.If there are bus bridges
subordnate to those first-level buses, the process is repeated recursively, thus probing deeper into the tree.

“Probing” involvesreadingbytesat designatedbut bus-dependengddressewheredevicesmight reside thenfor
populatedaddresses;heckingthat an FCodeROM hasbeenlocated.If so, successivébytesare read from the
FCodeROM on the card and interpretedas FCode functionsby the platform firmware As it runs, this FCode
programfrom the cardcreategpropertiesandmethodsn the current(originally blank) nodein the devicetree. At
any point, this prograrnancausesucceedingpytesto beincrementallycompiled,ratherthaninterpreted A device
thatmight be “interesting” at boottime would nominallyfill in thefull setof propertieqvia property , 5.3.5.3)
and methods(via external-token , 5.3.3.1)specifiedby OpenFirmwarefor its devicetype (see3.7). Other
devicesthat are less“interesting” at boottime, like a fax modem,are only expectedo fill in their “name” and
possiblytheir “reg ” and “interrupts " properties.Note that the node on the devicetreeis not filled in by
platform-based:odebasedon datareadfrom the card ROM, but ratheran FCodeprogramis retrievedfrom the
card and executed, thus filling in the node.

Once the platform’s boot firmware has constructed the device tree and possibly conducted some further level of sys-
tem self-testing,it selectsboot devicesbasedon somecombinationof informationin the platform’s boot ROM,
norvolatile RAM, and,onceselectedthe systemboot console.Boot devicesconsistmainly of the consoledisplay
andkeyboarddevices,andthe devicethat providesthe codeimagebeing booted.The platform’s OpenFirmware

polls the consoleinput devicefor charactersprints output characterdo the consoledisplay, and calls the load

method of the selectedsourcedevice to read a client program into memory. If the load method completes
successfully, the firmware transfers control to the client program.

The client program could immediately take otles systemwiping awayall OpenFirmwarestructurespr it could
be a secondarjyoaderprogramthat usesthe facilities of the OpenFirmwareclient interface (Clause6), and indi-
rectly the OpenFirmware methodsof the devices,to perform variousfunctionsand load successiveémagesfor
portions of the run-time OS.

Ultimately, whentherun-time OS assumesontrol of the systemjt maychooseto inherit someor all of the device
tree information fromOpenFirmware,or to keepthe entiredevicetreearoundfor fatal systemerrorsor systenre-
sets. Alternativelythe OS couldwipe awayall tracesof OpenFirmwarefrom systemmemoryandconductits own
system probe, etc.

For a more detailed description on any of these stepd,. 2g#therrelatedareasof the body of the OpenFirmware
standard, or the responses to the following questions.

F.2How does the overall firmware operation work, considering the interactions
between the CPU firmware, the FCode drivers, and the operating system?

Hereis an overviewof the operationof a hypotheticalcomputersystemthat usesOpenFirmware.It describeghe
interactionsamongthe hardwarethe firmware, andthe operatingsystemWe assumehat the systemin question
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uses the complete set of Open Firmwiaterfacesin practice,somesystemswill chooseto implementonly oneor
two of the threeOpenFirmwareinterfacesFor suchsystemsthe behaviorsof any non-OpenFirmwareinterfaces
may, of course, differ from the behavior described herein.

After the systemis poweredon, power-onself-test(POST)code (whosedetailsare outsidethe scopeof this stan-
dard)executesdeterminingthat the corehardwares operationalthenpassegontrolto the OpenFirmware.The
Open Firmware initializegself andany corehardwarethatis neededor the basicoperationof the firmware. This
initialization stepincludesbuilding the portion of the devicetree thatrepresentshe system’sbuilt-in devices The
mechanisnior accomplishinghis is not specifiedherein;althougha firmware systemmight chooseto useFCode
to representhe built-in part of the devicetree, that built-in portion could equally well be “hard-coded”as an
internal data structure.

The next stepis to augmentthe devicetreeto include plug-in devices It is herethat the OpenFirmwaredevice
interfacecomesinto play. The firmware scanghe slotsof its expansiorbusor busesFor eachcardthatit finds, it
intempretsthe FCodeprogramstoredon that card,resultingin the creationof oneor moredevicenodesdescribing
that card. In the case of a card that is a bridgmotherbus,an entirehierarchyof devicenodesmight be created,
pethapsasa resultof a recursiveprocessn which FCodeprogramson cardssubordinateo that bus bridge are
interpreted.(Device nodesfor plug-in devicescould also be createdby somemechanisnotherthan interpreting
FCode programs, for example, by reading bus-dependent standard configuration registers.)

The advantagef FCodeis thatits designis neitherbus-specificprocessor-specifiqjor operatingsystem-specific,
thus avoiding the need to invent and support a new configuration mechanism for each new bus.

After all of the plug-in slotshavebeenprobed the devicetree containsa completerepresentationf the hardware
configuration.Each device node hasa set of propertiesthat describethe static characteristicof the associated
device and (optionally) a set wfethodghat thefirmware canuseto drive the device.The firmware selectdevices
for its consoleinput and output functions, using the device node methodsto drive the devices,and displaysa
banner identifying the system and its configuration.

The firmware selectsa boot device and usesits device node methodsto load a program,perhapsfrom a well-
known group of disk sectors.Typically, the programis an intermediateboot programwhosejob is to load the
operatingsydem, which might be storedin a disk file. The intermediateboot programwould be responsiblefor
understandinghe file systemlayoutandfile formatusedby thatoperatingsystem.The intermediateboot program
could usefirmware servicesprovidedby the OpenFirmwareclient interfaceto do thingslike allocatingmemory
andperforminglow-level disk reads.Thus,the intermediateboot programwould be concernednly with knowing
the specificsof the file systemformat, and would not needto know processor-specifior system-configuration-
specificinformation. This separatiorof function andresponsibilitysimplifies the designof suchprogramsmakes
them easier to maintain, and allows the same boot program to be used in different system configurations.

After the boot programhasloadedthe operatingsystemthe boot programcanexit if it is no longerneededpr it
canremainresidentto provide additionalservicesto assistthe operatingsystemin its configurationprocessFor
exanple, the operatingsystemmight wish to take advantageof the booter'sknowledgeof the file-systemformat,
using the booter to load configuration-dependent extension modules before the OS is fully operational.

As the OSis configuringitself, it usesfirmware servicesvia the OpenFirmwareclient interfacefor suchpurposes
as determining thbeardwareconfiguration displayingprogressmessagesand (perhapswith the help of the booter
program) performing disk or network 1/O.

At somepoint, the operatingsystemcompletesits configurationprocessto the extentthat it no longer needs
firmware servicesand canthenreclaimany resourcesisedby the firmware, assumingcompleteresponsibilityfor
managingall systemresourcesOnceit hasdoneso,the OS mustensurethatthe firmwareis not invoked(i.e., by
taking control of trapsor interruptsthat could enterthe firmware and by not calling firmware client interfaceser-
viceg. Alternatively, theOS could allowthe firmwareto remainresidentandoperationaby notreclaimingthere-
sources(primarily memory) that the firmware is using. Doing so would allow the OS to continueto invoke
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firmware servicesas needed.The OpenFirmware designassumesghat the operatingsystemwill not be making
heavyuse of firmware servicesoncethe OS is fully operational;however,it is reasonabldor an OS to make
occasional use of firmware services. Examples of such occasional uses include the following:

— Sending error messages to a diagnostic console

— Browsing the firmware device tree when a user wishes to inspect the hardware configuration
— Displaying and setting firmwamonfiguration variablesn nonvolatile memory

— Debugging the operating system using Open Firmware’s software debugging features

— Rebooting

Since the Open Firmware execution model assumes a single thread of doisttbk operatingsystem’sresponsi-
bility to ensurehatfirmware clientinterfaceservicesarecalledin a mannerconsistentwith this executionmodel.
Typically, on a multiprocessorsystem,the firmware initialization, booting, and operatingsystemconfiguration
steps all execute on a single processor, and the operating system enables multiprocessuy afteteghosesteps
are complete.

If the client programdesiregto take overthe managementf resourcesind wishesto continueto usecertainnon-
memory-allocatingervicesof OpenFirmware,it mustusethe devicetree client interfacefunctionsat somewell-
defined point in time to find out about all “available 7 and “existing " resourcesand respectOpen
Firmware’s use of allocated resources not appearing iratreldble " properties.

UponreenteringOpenFirmwarevia the“enter ” or “exit " clientinterfacefunction, the statesof the resources
are as they were left by Open Firmware and the client program modifications to them via use of the client interface.

The handling of “fatal errors” is implementation-dependerbecausethe specification of these errors is
implementéion-dependentFor the most part, the ISA or platform implementationof Open Firmware should
specifywhich errorsit is preparedio handleand which it is not, and which errors causean internal resetand
which do not. For example, on SPARC implementations, one might expect a watchdog rebeinididedoy Open
Firmwarewith very little stateremaining,but a divide-by-zeroerror or unaligned-accessrror might be handled
without resetting all state information.

F.3Which Open Firmware interfaces do | need to be compliant? Can | mix Open
Firmware-compliant interfaces with other existing firmware interfaces?

Thethreeinterfacesdefinedby this specificationare individually optional. A compliantfirmware implementation
can have any combinationof the three interfaces,dependingon the capabilitiesand the requirementsof the
computer system. Some examples follow.

A general-purpose computer system with an expansioririeadedto run a general-purposeperatingsystem(or

perhaps severdifferentoperatingsystemswould benefitfrom all threeof the OpenFirmwareinterfacesThe de-

vice interfacewould allow the firmware to identify anduseplug-in devicesaddedto the systemvia the expansion
bus.The client interfacewould allow the operatingsystemto configureitself to usethosedevicesautomatically.
The userinterfacewould allow a useror systemadministratoto managehe systemwhenthe operatingsystemis

not running.

A computersystemwith no expansiorbuswould not needthe deviceinterface,but it could still benefitfrom the
clientinterfaceandthe userinterface Although the configurationof a nonexpandablsystemis presumablyfixed,

an operatingsystemmight still needto determinethat configurationat run-time, thus letting a single “shrink-
wrapped” operating system work on a variety of different systems within the same “family.” Some of the isystems
thatfamily might be expandableand othersnonexpandableTl he single operatingsystemwould not needto know

any of the hardwaresystemconfigurationdetailsin advanceThe userinterfacewould allow the userto testthe
hardware and to control, for example, which disk boots the operating system.
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An expandableomputersystemwith a built-in operatingsystem(perhapsan OSin ROM) might implementthe
OpenFirmwaredeviceinterfacedirectly within the OS, giving that OS the ability to identify andinitialize plug-in
devices on standard buses.

A non-expandablsystemthatis intendedto run a single operatingsystemthat usesa proprietaryinterfaceto the
firmware might choose to have only the Open Firmware user interface, perhaps for its debugging capabilities.

Many combinationsof OpenFirmware-compliantnterfacesmixed with other proprietaryfirmware interfacesare
plausible. Furthermore, sineachof the OpenFirmwareinterfacess extensiblean OpenFirmwarecompliantin-
terface can be augmentedsigpportsystem-specificequirementssuchas“legacy” buseswith proprietaryidentifi-
cation mechanismspther OS-to-firmwareinterface protocols,and additional user interface paradigms,such as
backwards compatibility with a vendor’s pre-existing firmware user interface or graphical user interface shells.

Another possibility would be to implement another client interface “on top of” the Open Firmware client interface.

F.4What is the distinction between a probe address and a unit address?

The probeaddresss the addres®f a plug-in card,or equivalently the addresf the slotinto which it plugs.The
process of creatingneor moredevicenodesfor a plug-in cardinvolvesexecutingan FCodeprogram Beforethat
FCodeprogramis executedthe firmware systemdoesnot know wherethe deviceson that cardarelocatedwithin
the addresspaceavailableto it. The systemfirmware knowsonly the addresof the carditself: the probeaddress,
which is establishedy set-args  andreturnedby my-address andmy-space . It is the responsibilityof the
card’s FCodeprogramto know the addressesf the deviceson the card, publishingthoseaddresse# a “reg ”
propertyfor eachdevice.Within a given“reg ” property,thefirst suchaddresss the devicenode’sunit address
the addresghatidentifiesa devicenode.The unit addresof a deviceis the addresghat matchesvhenresolvinga
pathname (to select a particular device node).

In mostcasesthe FCodeprogramfor a device(or group of devices)doesnot know the device’sunit addresdi-
rectly. Instead,it knows how to calculatethe unit addressfrom the probe addressin general,that calculation
depends both on the design of the particular bus and on the details of the individual card.

As a particularly simple example, consider an SBus cardg2gwith two logically independentlevicesdeviceA
anddeviceB, onit. Accordingto the SBusspecification.eachSBusslot hasits own 28-bit addresspace separate
from the addresspace®f otherslots. The completeunit addresf a deviceon an SBusconsistsof a slot number
andan offsetwithin that slot’s 28-bit space The probeaddresf an SBusslot is the slot numberand an offset of
zero.(Coincidentally that probeaddressalsohappengo bethe addresf an SBuscard’sFCodeprogram;thatis
not necessarilythe casefor otherbuses.)n our example let usassumehat deviceA beginsat offset (hex) 20000
within the slot’s address spa@ddeviceB beginsat offset (hex) 30000.The FCodeprogramwould calculatede-
vice A’s unit addresdy adding20000to the probeaddresoffset (which happengo be zerofor SBus)returnedby
my-address , andusingthe slot numberreturnedby my-space . For SBus,in which the addressings strictly
slot-basedthe slot numberof the probeaddresss alwaysthe sameasthe slot numberof the devicesin that slot.
That observatiormay appearto betrivial, butit is not necessarilyso for other buses.Somebuseshave separate
corfiguration, memory, and I/O address spaces. The configuration space is usually addtbssatiethindike a
slot number,while the otheraddresspacesin which individual devicesreside,might haveno fixed relationship
with slots.

In general,an arbitrarily complexcalculation,possiblyinvolving dynamicaddressllocation,might be necessary
in orderto determinethe unit addresf a particulardeviceon an arbitrary bus.However,whenselectingthe unit
addressrepresentiorfor a new bus, it is generallya goodideato choosea form that doesnot changewhenother
cardsare installed or removed,thus ensuringthat the pathnameof a particulardevice doesnot dependon the
presenceor absenceof other unrelateddevices.This arguesagainstthe use of dynamicallocationfor the unit
addresgortion of a device’saddresghowever,on somebusesheremay be no choice).Note thatthe unit address
is not the only device addresghat canbe publishedin a“reg " property;the unit addresss the first suchaddress,
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but there can be additional ones,and the recommendatioragainstdynamic allocation doesnot apply to those
others, which do not appear in pathnames.

Oneadditionalconsiderationmesultsfrom devicenodesthathaveno “reg ” propertiesandthushaveno fixed unit

addressA pathnameselectingsucha wildcard node can still havea unit addresscomponent;a wildcard node
matchesany unit addressFor aninstancecreatedrom sucha wildcard match,my-unit  returnsthe unit address
from the pathname, rather than the unit address fronréige™property.

F.5Do calls get passed from driver to driver down the device tree, or does the
platform’s boot firmware “talk” directly to the leaf driver?

Whenthe platform’s boot firmware or a client programopensa devicedriver, it getsan instancehandlefor the
leaf driver itself (e.g.,the “enet ” devicedriver in figure F.1). Openinstancesare also createdfor eachof the
drivers in the path to tHeaf node giving each node an opportunity to prepdm@communicatiorpathto its child
anda hardle to invoke the servicesof its parent.The high-level codetalks directly to the leaf node,and the leaf
node asks its parent for help (via the pareméthod$when needed.

F.6Where is the driver’s state information kept? How does it remember what it
learned or set up at probe time and between calls to its methods?

Thereare generallythreeplaceswherea driver storesstateinformation: the devicetree, staticvariables,andthe
openinstance context.

The devicetree shouldbe usedto storepropertiesand methods—-thingsthat are of general,long-terminterestto
otherentitiesandto the driver itself, relatedto what the driver cando, how to link with it, etc. If a driver must
coordinate its activities with otherodesfor the sametype of device(e.g.,identicalLAN cardsin separateslots),it
must rendezvous by searching the device tree, sincis thisonly mechanisnfor sharinginformationamongtree
nodesAlso, whenevera driveris called,it alwayshasaccesdo its own node,to a handlebackto its parent’'snode
onthe devicetree,andto the devicetreeasa whole, giving it accesgo the parent’sservicesand knowledgeof its
currentlocationin the platform’s topology. Sincesomesystemsanay chooseto keepthe devicetree aroundwhen
the run-time OS is active, the amount of memory that a driver attaches to the device tree should be small.

Static variablesare basically devicetree node-globalvariables.An instanceof eachvariableis setup whenthe
nodeis probedand it staysaroundas long as OpenFirmwareis active. Sinceit is only node-globaland not
platform-global,it cannotbe usedto shareinformationamonginstanceof the samedriver for multiple, identical
devices.Its main useis for long-termprivate data structuresAgain, sincesomesystemsamnay chooseto keepthe
Open Firmware around while the run-time OS is running, the anabumémorydevotedto staticvariablesshould
also be minimized.

Open-instanceontextmemoryis providedto the driver for eachcurrently openinstancehandle.lt is createdat
open-timeand destroyedat close-time.This is wherethe bulk of the driver’'s information should normally be
stored.Its main useis for variables,queuesbuffers, etc., that are usedduring and betweeninvocationsof the
driver’'s methods related to the current open instance.

F.7What is a support package?

OpenFirmwareassumeselatively maturedevicedrivers Keyboardsare expectedo provide ISO 8859-1 (Latin)
charactergseelSO 8859-1: 1987in 2.1), consoledisplaysare expectedo takethesecodesanddisplaythem,and
boot image source devicaseexpectedo load the relatedimage.But manyof thesedeviceshaveseveralargeop-
erationsin common.Many LAN devicescanusethe sameboot protocols.Many consoledevicesusesimple pixel
frame-bufferdor which softwaremust“paint” charactersRatherthanrequirethe entirefunctionality for eachde-
vice to residein its ROM, OpenFirmwareprovidesfor supportpackageghat are locatedin the platform’s ROM
and shareable by all interested devices, such as library routines.
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To usea supportpackagea driver locatesthe packageoff the root and opensit (with open-package ). This
effedively makesthe openinstanceof the supportpackagea child of the driver itself. For example the TFTP boot
support package can lmpenedoy the“enet " driver, asshownin figure F.1. The“enet " driver passesheload
commandonto theload methodfor the“obp-tftp " supportpackageThe supportpackageperformsthe load
operationjinvoking theread andwrite methodsof its parent,the“enet ” driver, to sendprotocol packetsand
receive protocol and load data over the LAN.

An Instance Chain Device Tree

data

my-parent

data

my-parent

ihandlee data

my-parent

data

The top three instances in the chain were opened from the pathname,
e.g., "/sbus/enet", as with open-dev. Client programs or other "applications"
invoke the driver via the ihandle returned by open-dev.

The bottom instance in the chain was opened from the package "obp-tftp",
as with open-package. The instance that opened the package is responsible
for storing its ihandle, allowing calls in the downward direction. Upward calls
are done with the ihandle returned by my-parent.

Figure F.1—Support package relationships

F.8I'm confused by the display drivers: Are they simple frame-buffers or do they
contain their own fonts, etc.?

They can be either. Again, as mentionedabove,OpenFirmware assumedairly maturedevicedrivers that can
directly display charactersTherefore,a display with its own fonts and renderingcapability would handlethe
characterdirectly. However,there are severalsupport packagessuppliedfor the simpler frame-bufferdisplay
devices.In figure F.1, the display driver canwrite  a buffer of characterdyy invoking the draw-character

methodof the displaylow-level interfacesupportpackagewhich in turn usesthe servicesof the 8-bit frame-buffer
support routines to write the character pixels back into the parent’s (i.e., the simple display driver’s) frame-buffer.

F.9What are the relationships among address types?

In general,eachbusin a systemhasits own, possibly orthogonaladdressspace.The numberof bits and the

assignmenbf valuesfor eachmay vary. Somebuseshave separatememory and I/O registeraddressspaces.
Commonly, the systemCPU is servedby a memorymanagemenunit (MMU) that createsa huge, logically

contiguousvirtual memory spaceby mappingregionsof virtual memory onto dynamically reassignedohysical
RAM pages(Notice that FCodeprogramsneverdirectly useany of theseaddresdormats.Insteadaddressesre

usedas parameterso OpenFirmwareinterfaceroutinesthat may translatetheir interpretationas appropriatefor

the specific hardware platform.)

In this document, addresses directly used by the driver are referreditinasaddressesTypical accesdo system

memoryis via a virtual addressyhich may or may not involve mappingto the physicalRAM pageshy an MMU,
depending on how the given platform operates during boot time.
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Virtual addressearealsousedby the driver to accessardregistersConsiderthe examplein figure F.2.1n order
for the driver to write a control registeron the Network I/O card, the virtual addressusedby the driver mustbe
mappedonto the I/0O bus addressvalue that will selectthe targeteddevice registerwhen it is assertedon the
directly connected expansion 1/O bus. Setting uprtiappinggenerallyinvolvescalling the devicedriver for each
busbridge, startingat the bottom of the tree andworking up, mappingfrom onebus’saddressspaceto the next,
and possiblysettingup mappingregistersin eachbusbridgeto supportthe driver’s accessThe driver for the top
busbridge,in conjunctionwith the platform’s firmware, finally establisheshe mappinginto the driver’s virtual
address space.

Physical addresses are generally used by an 1/O card to access system memory. In order for thEQleamitk

figure F.2to traverseDMA datastructuresn systemmemory,the driver must passan initial pointerto the 1/O

cardandlink togetherthe datastructuresusingaddresssaluesthat are card-relativei.e., memoryaddress/alues
that will map to the proper systemmemory locations when the card assertsthem on its directly connected
expansionl/O bus. The driver would set up thesel/O card-relativeaddressess follows. First it would use
dmaalloc  to allocatethe one or more major blocksin systemmemorythat will containthe datastructures.
dmaalloc  returnsa virtual addressVO0. Next, the driver would call dmamap-in in orderto translateits

virtual addresdor eachoverall block into the correspondingard-relative |/O busbaseaddressPO. Finally, the

driver cantranslateany of its pointersto a dataobjectin the memoryregion,into an I/O addressvalue that is

usable by the card via simple byte math:=F20+ (V1 —VO0).

Incidentally,processocachesif any,for the DMA memoryregionareflushedby dma-map-in . Thisis too early
in the abovescenariossincethe driver is still writing into the DMA datastructuresProperlyspeakingwhenthe
driver is donewriting into the DMA structuresand beforeit sendsa commandto the I/O card relatedto these
structuresjt shoulddo a dmasync to flush the processor'sachesout to systemmemory,wherethe card can
“see” the most recently written values.

] I:l Crivla, Struc e I

Primary 1A Bus

Expan=ion O Bus
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Figure F.2 —Addressing relationships

F.10 Does Open Firmware support only Ethernet/IEEE 802.3 [B3]?

Historically, OpenBootsystemshave mainly worked over Ethernetnetworks.Therefore the “network ” device
typefor thesedevicesis moredevelopedandthereare more supportpackagedor the relatedprotocols.However,
any network link type can be accommodated in one of the following three ways:

— Manylink typesaresimilar enoughprotocol-wisethat they canadaptthemselvego the currentEthernet/IEEE
802.3interface,providing link-related translationsas appropriate.Theselinks can use the existing support
packages (e.g.pbp-tftp ).

— Any link-type can be used for booting using the Open Firmware interfaces, as long as thegauir@the use
of the existing supportpackagedor Ethernet/IEEE302.3.The load commandcomesdirectly to the driver
anyway.

— Future“network-XXX" devicetypesare expectedto be defined. An attractivework item would be a more
“generic” network link interface. This would suppersuiteof load protocolsupportpackageshatwould work
with almost any link.

F.11 Does Open Firmware expect that a system has a platform-global network
MAC address?

No. The“local -mac-address " propertyis usedinitially to inform the platform of the LAN card’s factory-
defaultMAC addressThe mac-address methodis usedby the LAN card’sdriver to determinewhetheror not
to overridethe factory presetwith an alternativevalue.lIt is up to the platform to determinewhat MAC address
values should be used by specific LAN cards. Thesecould be left at their factory settings, overriddenfrom
configuration tables, or set to a machine-global MAC value, if appropriate.

F.12 Does the ROM in a plug-in card contain ASCII Forth code?

Not really. Only the humanuserinterfaceusesrorth directly in ASCII form. The ROM on a plug-in cardcontains
FCode.FCodeis semanticallysimilar to Forth sourcecode, but the representations different. WhereasForth
sourcecodeis written asa seriesof human-readableext strings,FCodeis a seriesof binary byte codes.The setof
predefined FCode byte codes encompasses most of the core words of ANSI X3.215-1994 (omitting dadytthose
wordsthataremeaningfulonly for Forth sourcecodein its text form) andaddsadditionalfunctionsspecificto the
OpenFirmwareenvironmentA developettypically writes an FCodeprogramin Forth sourceform (ASCII text),
which is then translated into the FCode bytes tmkanizemprogram, thus producing the image that is stored in the
card ROM.

During thedevelopmenanddebuggingphase an FCodeprogramdoesnot necessarilyneednot be convertedrom

sourceform to binaryform. If an OpenFirmwareuserinterfacewith the FirmwareDebuggingcommandyroup is

available,the FCodeprogramcan be testeddirectly in sourceform. The tokenizationstepcould then be delayed
until the program is fully debugged and ready for installation on production units.

F.13 How does Open Firmware pass interrupts to the device driver?

It doesn’t'OpenFirmwareis basedon a very simple,boot-timel/O model.l/O devicesare polled for completion.
The interrupt specificationsn OpenFirmware are mainly usedto passsysteminformationto the run-time OS.
Also the procesmodelis single-threadedhereis only one,non-preemptegrogramrunningat a time. For multi-
CPU machines, only one processor is assumed to be actively running Open Firmware at boot-time.
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F.14 Can an Open Firmware firmware design be undermined by a provision
added by a new Instruction Set Architecture (ISA) or bus annex?

Drivers for plug-in I/O cardsshoulduseonly the FCodenumbersdocumentedn this OpenFirmwaredocument,
all of which arerequiredin conformingplatforms.New ISA specificationsshouldnot addto this list, sincedrivers
written usingnew FCodenumberswould not port to otherISAs. Similarly, I/0O cardsandtheir driversshouldonly
haveto comply with the bus annexthat presentshe requirementdor the busto which the I/O cardis directly
attached.

However,in platformswith multiple-bushierarchiesasin figure F.2, the hardwareand driver designof the bus
bridgesand their drivers must ensurethat all Open Firmware and bus annexfacilities are accessiblevhen bus
transactionsnusttraverseintermediatebusesln otherwords,the expansiorbusbridgein figure F.2 mustensure
that all Open Firmware facilities can be successfully passed through the primary 1/O bus to the expansion I/O bus.

239






CORE REQUIREMENTS AND PRACTICES

Annex G
Summary lists

(informative)

Thefollowing summarylists are providedfor the reader’'sconvenienceTheselists arenot definitive; in the event
of discrepanciedetweenthem and the information containedelsewherdn this documentthe otherinformation

has precedence.

G.1

auto -boot?
boot -device

boot -file
diag -device
diag -file

diag -switch?
fcode -debug?
input -device
nvramrc
oembanner
oembanner?
oem-logo
oem-logo?
output -device
screen -#columns
screen-#rows

security  -#badlogins
security -mode
security

selftest  -#megs

use -nvramrc?

Configuration variables

(-- auto?)
( -- dev-str dev-len)

(-- arg-str arg-len )
( -- dev-str dev-len)
(-- arg-str arg-len )

(--diag?)
(--names?)
( -- dev-str dev-len)

( -- data-addr data-len )
( -- text-str text-len )
(-- custom?)

(-- logo-addr logo-len )
(-- custom?)

( -- dev-str dev-len)

(-n)
(-n)
(-n)
(-n)

-password ( -- password-str password-len )

(-n)

(-- enabled?)

G.2 Assigned FCode numbers

0x00 end0 Ox1A  j

0x01-  Beginning codes of 2-byte | 0x1B  b(leave)
0xOF  FCode sequences 0x1C  b(of)
0x10 b(lit) 0x1D  execute
Ox11 b() Ox1E +

0x12  b(") Ox1F -

0x13  bbranch 0x20  *

0x14  b?branch 0x21 /

0x15  b(loop) 0x22  mod
0x16 b(+loop) 0x23 and
0x17 b(do) 0x24  or

0x18  b(?do) 0x25  xor
0x19 i 0x26 invert
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If true , boot automatically after power-on oeset -all

Defaultdevice-naméor boot , if diagnostic  -mode? is
false

Defaultargumentdor boot , if diagnostic  -mode? is
false

Defaultdevice-naméor boot , if diagnostic  -mode? is
true .

Defaultargumentdor boot , if diagnostic  -mode? is
true .

If true , diagnostic -mode? returnstrue .

If true , save names for FCodes withaders .
Default console input device.

Contents of thecript

Contain custonbanner text, enabled bpembanner?
If true , banner displays custom messagedembanner .
Contain custom logo fdsanner , enabled bpem-logo?

If true, banner displays custom logo ioem-logo .
Default console output device.

Maximum number of columns on console output device.
Maximum number of rows on console output device.
Contain total count of invalid security access attempts.
Contain level of security access protection.

Contain security password text string.

Number of megabytes of memory to test.

If true , thescriptis evaluated at system start-up.

0x27 Ishift
0x28 rshif t
0x29 >>a
Ox2A /mod
0x2B u/mod
0x2C negate
0x2D abs
Ox2E min
Ox2F max
0x30 >r
0x31 r>
0x32 r@
0x33 exit
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0x34 0=
0x35 0<>
0x36 0<
0x37 O<=
0x38 0>
0x39 0>=
Ox3A <
0x3B >
0x3C =
0x3D <>
Ox3E u>
Ox3F u<=
0x40 u<
0x41 u>=
0x42 >=
0x43 <=
0x44 between
0x45 within
0x46 drop
0x47 dup
0x48 over
0x49 swap
Ox4A rot
0x4B -rot
0x4C tuck
0x4D  nip
Ox4E  pick
Ox4F roll
0x50 ?dup
0x51 depth
0x52 2drop
0x53 2dup
0x54 2over
0x55 2swap
0x56 2rot
0x57 2/
0x58 u2/
0x59 2%
Ox5A /c
0x5B Iw
0x5C /L
0x5D /n
Ox5E cat
Ox5F wa+
0x60 la+
0x61 na+
0x62 char+
0x63 wal+
0x64 lal+
0x65 cell+
0x66 chars
0x67 fw*
0x68 /I*
0x69 cells
Ox6A on
0x6B off
0x6C +1
0x6D @
Ox6E 1@
Ox6F w@
0x70 <w@
0x71 c@
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0x72
0x73
0ox74
0x75
0x76
ox77
0x78
0x79
Ox7A
0x7B
0x7C
0x7D
OX7E
Ox7F
0x80
0x81
0x82
0x83
0x84
0x85
0x86
0x87
0x88
0x89
Ox8A
0x8B
0x8C
0x8D
Ox8E
Ox8F
0x90
0x91
0x92
0x93
0x94
0x95
0x96
0x97
0x98
0x99
Ox9A
0x9B
0x9C
0x9D
Ox9E
Ox9F
OxAO0
OxA1*
OxA2
0xA3
OxA4
OxA5
OxA6
OxA7
OxA8
0OxA9
OxAA
OxAB
OxAC
OxAD
OXAE
OxAF

!

1!

w!

[

2@

2!
move
fill
comp
noop
Iwsplit
wljoin
Ibsplit
bljoin
whbflip
upc
Icc
pack
count
body>
>body
fcode-revision
span
unloop
expect
alloc-mem
free-mem
key?
key
emit
type
(cr

cr
#out
#line
hold
<#
u#>
sign
u#
u#s

u.

u.r

I

.S
base
convert
$number
digit
-1

0

1

2

3

b

bs

bell
bounds
here
aligned
whbsplit

0xBO
0xB1
0xB2
0xB3*
0xB4*
0xB5
0xB6
oxB7
0xB8
0xB9
OxBA
0xBB
0xBC
0xBD
OxBE
OxBF*
0xCO0
0xC1
0xC2
0xC3
0xC4
0xC5
0xC6
0xC7
0xC8
0xC9
OxCA
0oxCB
0xCC
0OxCD
OxCE-
OxCF
0xDO
0xD1
0xD2
0xD3
0xD4
0xD5
0xD6-
0xD7
0xD8
0xD9
OxDA
0oxDB
oxDC
0xDD
OxDE
OxDF-
OXEF
OxFO
OxF1
OxF2
OxF3
OxF4-
OxFB
OxFC
OxFD
OXFE*
OxFF
0x100
0x101

*

bwjoin
b(<mark)
b(>resolve)
set-token-table
set-table
new-token
named-token
b(:)

b(value)
b(variable)
b(constant)
b(create)
b(defer)
b(buffer:)
b(field)
b(code)
instance
Reserved
b(;)

b(to)

b(case)
b(endcase)
b(endof)

#

#s

#>
external-token
$find
offsetl6
evaluate

Reserved

um*
um/mod

Reserved
d+

d-
get-token
set-token
state
compile,
behavior

Reserved
startO
startl
start2
start4

Reserved
ferror
versionl
4-byte-id
endl
Reserved
dma-alloc
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0x102
0x103
0x104
*

0x105
0x106

*

0x107

0x10E
O0x10F
*

0x110
0x111
0x112
0x113
0x114
0x115
0x116
0x117
T

0x118
*

0x119
Ox11A
0x11B
0x11C
0x11D
Ox11E
Ox11F
0x120
0x121
0x122
0x123
*

0x124
0x125
0x126
0x127
0x128
0x129

Ox12F
0x130
0x131
0x131

Ox14F
0x150
0x151
0x152
0x153
0x154
0x155
0x156
*

0x157
0x158
0x159
0x15A
0x15B
0x15C
0x15D

my-address
my-space
memmap

free-virtual
>physical

Reserved

my-params

property
encode-int
encode+
encode-phys
encode-string
encode-bytes
reg

intr

driver

model
device-type
parse-2int
is-install
is-remove
is-selftest
new-device
diagnostic-mode?
display-status
memory-test-suite
group-code

mask
get-msecs
ms
finish-device
decode-phys

Reserved

map-low
sbus-intr>cpu

Reserved

#lines

#columns

line#

column#

inverse?
inverse-screen?
frame-buffer-busy?

draw-character
reset-screen
toggle-cursor
erase-screen
blink-screen
invert-screen
insert-characters

Ox15E
Ox15F
0x160
0x161
0x162
0x163
0x164
0x165
0x166
0x167

0x169
Ox16A
0x16B
0x16C
0x16D
Ox16E
Ox16F
0x170

0x17C
0x17D

Ox17F
0x180
0x181
0x182
0x183
0x184
0x185
0x186

0x187

0x188
0x189
Ox18A
0x18B
0x18C

Ox18F
0x190

0x196
0x197

Ox19F
0x1A0

Ox1A1
Ox1A2

0x1A3
Ox1A4
Ox1A5

0x200
0x201
0x202
0x203
0x204

delete-characters
insert-lines
delete-lines
draw-logo
frame-buffer-adr
screen-height
screen-width
window-top
window-left

Reserved

default-font
set-font
char-height
char-width
>font
fontbytes

fbl - routines

Reserved

fb8-draw-character
fb8-reset-screen
fb8-toggle-cursor
fb8-erase-screen
fb8-blink-screen
fb8-invert-screen
fb8-insert-
characters
fb8-delete-
characters
fb8-insert-lines
fb8-delete-lines
fb8-draw-logo
fb8-install

Reserved

VME-bus support

Reserved

return-buffer
xmit-packet
poll-packet

Reserved
mac-address

Reserved

device-name
my-args
my-self
find-package

0x205
0x206
0x207
0x208
0x209
0x20A
0x20B
0x20C
0x20D
0x20E
0x20F
0x210

0x211
0x212

0x213
0x214
0x215
0x216
0x217
0x218
0x219
Ox21A
0x21B
0x21C
0x21D

Ox21E
Ox21F
0x220
0x221
0x222
0x223
0x224
0x225
0x226
0x227
0x228
0x229

0x22A

0x22F
0x230
0x231
0x232
0x233
0x234
0x235
0x236
0x237
0x238

0x239
*

0x23A
0x23B
0x23C
0x23D
0x23E
0x23F

IEEE
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open-package
close-package
find-method
call-package
$call-parent
my-parent
ihandle>phandle
Reserved
my-unit
$call-method
$open-package
processor-type

firmware-version
fcode-version

alarm
(is-user-word)
suspend-fcode
abort

catch

throw
user-abort
get-my-property
decode-int
decode-string
get-inherited-
property
delete-property
get-package-property
cpeek

wpeek

Ipeek

cpoke

wpoke

Ipoke

Iwflip

Ibflip

Ibflips
adr-mask

Reserved

hb@
rb!
w@
rw!

(@)

rl!
whbflips
Iwflips
probe

probe-virtual

Reserved
child

peer
next-property
byte-load
set-args
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0x240  left-parse-string | 0x600 0x800
0x241 Vendor FCodes Local FCodes

OX7FF OXFFF

- Reserved
Ox5FF

* These are historical FCodes.
T These are obsolete FCodes.
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Annex H
Historical notes

(informative)

H.1 Overview and references

This Open Firmware standard is based on the following documents:
— OpenBoot Command RefererjB&]
— Writing FCode ProgramfB7]

H.2 Obsolete FCodes

H.2.1 Previously implemented FCodes

Pre-Open Firmware versions of SBus [2jware have used the followingCodesNoneof thesearerequiredfor
a OpenFirmwareimplementationhowever someimplementationsnay chooseto supportthesefor the purposeof
backwards compatibility.

H.2.1.1 Generic 1-bit frame-buffer support

The “fbl " genericframe-buffersupportpackageimplementsthe display device low-level interfacesfor frame-
bufferswith onememorybit per pixel. It appliesonly to frame buffersorganizedasa seriesof doubletswith big-
endianaddressingwith the mostsignificant bit within a doubletcorrespondingo the leftmost pixel within the
group of sixteenpixels controlled by that doublet.In normal (not inverse)video mode, backgroundpixels are
drawn with zero-bits, and foreground pixels with one-bits.

The working group committeefeelsthat this classof devicesis too restrictedto justify requiring the presenceof

this set of support routines in all implementations of Open Firmware. Furthermore, the working group thelteves
the numberof newdevicesthatfit into this categoryis dwindling rapidly. However,therearea numberof existing
SBusdevicesthat usethesesupportroutines.An implementatiorthat intendsto supportthoseexisting devicesis
advised to implement the followirfgCode functions

Executionof fbl -install installs the other routinesas the behaviorsof the correspondindow-level display
device interface defer  words, and setsthe values of screen -height , screen-width , window -top |,
window -left , #lines , and#columns .

fbl -blink -screen (--) F,O 0x174

Implement thefbl ” blink -screen function.

Typically implemented as: fbl -invert-screen fbl -invert-screen

NOTE—Typical generic implementations of this function are likely to be quite slow, since they probably will access each
pixel on the screen four times. For most devices, there is a device-specific implementatiobliok thescreen

function that is much faster, for example disabling video output for abaus20 is recommended that such device-

specific implementations be used instead of the gefierieblink -screen function.

fbl -delete -characters (n--) F,O 0x177
Implement thefbl ” delete -characters function.

fbl -delete -lines (n--) F,O 0x179
Implement the fb1 " delete-lines function.

245



IEEE
Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

fbl

fbl

fbl

fbl

fbl

fbl

fbl

fbl

fbl

fbl
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-draw -character (char --) F,O 0x170
Implement thefbl ” draw -character  function.

-draw-logo ( line# addr width height -- ) F,O Ox17A
Implement thefbl ” draw -logo function.

-erase -screen (--) F,O 0x173
Implement thefbl ” erase -screen function.

-insert  -characters (n--) F,O 0x176
Implement thefbl ” insert -characters function.

-insert  -lines (n--) F,O 0x178
Implement the fb1 ” insert-lines function.
-install ( width height #columns #lines --) F,O 0x17B

Install all built-in generic 1-bit frame-buffer routines.
Install the fb1l " generic 1-bit frame-buffer routines into the display device interfieéer words, configuring the
“fb1 " routines for a frame-buffdreightpixels high, with successive scan linegth pixels apart.

#columnsand#linesindicate the maximum number of text columns and lines that the device is capable of
supportingg¢columnsand#linesusually depend upon the width and height of the font to be used, among other things.)

width is the difference between the starting memory addresses of two consecutive scan lines in the frame-buffer,
multiplied by eight (the number of pixels per byte). For frame-buffers where all memory locations correspond to
displayable pixels, this is the same as the width of the screen in pixels.

heightis the height of the display in scan lines.

Setscreen-width  to thewidth argumentscreen -height  to theheightargument#columns to the minimum of
#columnsandscreen -#columns , and#lines to the minimum o#linesandscreen-#rows

Setwindow -top andwindow -left  to center the text region on the screen (the calculation typically involves

#columns , #lines , char -width , char -height , screen-width , andscreen -height ). The calculation

assumes thatidth pixels per scan line are displayable. If some are not (for example, some number of pixels at the right of
the display), it is the responsibility of the display driver to adjistiow -left  to locate the text region in an

appropriate place aftél-install returns.

Usage restriction: char -width andchar -height must be set beforfbl -install is executed; otherwise, the
centering is likely to be incorrect.

See also:set -font

-invert-screen (--) F,O 0x175
Implement thefbl ” invert -screen function.

-reset -screen (--) F,O 0x171
Implement thefbl " reset -screen function.

This routine is usually implemented as a no-op.
-slide -up (n--) F,O 0x17C
Like fbl -delete -lines , but do not erase lines.

Deleten lines at and below the cursor line, as vd#iete-lines , except do not erase thdines at the bottom of the
screen. The typical use for this command is to scroll the enable plane for frame-buffers with separate overlay and enable
planes.

-toggle-cursor (--) F,O 0x172
Implement thefbl ” toggle -cursor function.
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H.2.1.2 Other previously implemented FCodes

dma-alloc ( #bytes -- virtual ) F,O 0x101
Used to allocate some memory for DMA or other purposes.
Some existing FCode programs asga-alloc  to allocate memory for general purposes not intended for DMA.
Programs using this technigue are not guaranteed to work.
Equivalent to: " dma-alloc" $call-parent
See: alloc -mem

driver (addrlen --) F,O 0x118
Creates therfame” property.

Removes the manufacturer name prefix from the saduy len then creates thendme” property from the remainder of
the string. Previous versions of SBus firmware have implemented the process of removing the manufacturer name prefix
in inconsistent ways; thus, there is no single definitiodrivfer  that will ensure backwards compatibility in all cases.

NOTE—SBus [B2] developers were advised to avoid the use of this FCode function when the inconsistency was
discovered, and the committee believes that its use has largely been eliminated.

fcode-version (--n) F,O 0x212
Return revision level of device interface (obsolete).

This obsolete FCode has a behavior simildctale-revision

firmware-version (--n) F,O 0x211
Return revision level of the OpenBoot Firmware.

Encode the value as two doublets, holding the major/minor release number. For example, if the release number was 2.12,
return the value 0x0002.000C.

The allocation of version numbers is determined by the implementor of the Open Firmware and is not specified in this
document.

This FCode is obsolete.

group-code (-- a-addr) F,O 0x123
Group offset for memory-test-suite (obsolete).

A variable  containing a group offset for distinguishing various self-tests in early versiomsnobry-test -suite
The value igroup-code is added to the code# for individual tests, and the sum is displayed with
display-status

intr ( sbus-interrupt# vector -- ) F,O 0x117
Creates theihtr " property.

See the description of thantr " property for more details.

memmap ( physoffset space size -- virtual ) F,O 0x104
Creates a memory mapping for some locations (obsolete.)

my-params (--addrlen) F,O 0x10F
Contents of custom parameters (obsolete).

addris the address arien the length of the value of thedrams ” property of theactive packageor a zero-length
string if theactive packagéas no params "property.

“params” S,0
Standardgroperty nameo set device-dependent modes.

This property, if present, holds the value to be passed by the obsoleterfGpdeams .
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>physical (virtual -- physoffset space ) F,O 0x106
Return physical address for virtual address (obsolete).

Given a virtual address, return the mapped physical address as a (physoffset space) pair.

probe (‘arg-addr arg-len reg-addr reg-len fcode-addr fcode-len -- ) F,O 0x238
Execute FCode at given location (obsolete).

Execute FCode at location given fopde-addr fcode-lerpassing argumengsg-addr arg-lenand with registerseg-addr
reg-len fcode-addy fcode-lenandreg-addr, reg-lenare the text representations of physical addresses within the address
space of thactive package

probe-virtual ( arg-addr arg-len reg-addr reg-len fcode-addr -- ) F,O 0x239
Execute FCode at given location (obsolete).

Like probe , but FCode is located at virtual addréssde-addr

processor-type ( -- processor-type ) F,O 0x210
Returns type of CPU (obsolete).

Returns the type of processor (instruction set architecture). 0x5 indicates SPARC, other values are not used.

H.2.2 Non-implemented FCodes

Pre-OpenFirmware systemsassignedhe following FCode numbers,but the functions were not supported.To
avoid any possible confusion, however, these FCode numbers are reserved and should not be reassigned.

adr-mask 0x229 poll-packet 0x1A2
b(code) OxBF return-buffer 0x1A0
4-byte-id OxFE set-token-table 0xB3
convert OxA1 set-table 0xB4
frame-buffer-busy? 0x156 VME support words 0x190-0x196
xmit-packet Ox1A1

H.3 Obsolete properties

Pre-Open Firmware versions $Bus[B2] firmware usedthe following propertiesNoneof thesearerequiredfor a
OpenFirmwareimplementationhowever,someimplementationsnay chooseto supportthesefor the purposeof
backwards compatibility.

“params” S,0
Standardgproperty nameo contain my-params data (obsolete).
Prop-encoded-array:
Data array, encoded witncode-bytes
This property, if present, holds the value to be passed by the obsolete FCode my-params.

“scsi-initiator-id ” S,0
Standardgproperty nameo contain SCSI host address (obsolete).

prop-encoded-array
Integer, encoded witbncode-int

This property, if present, contains an integer 0-15 indicating the address of the main SCSI host adapter of the system.
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New FCodes and methods

Most pre-Open Firmware systems do not implement the following FCodenethdds

FCode# Name

Comments

0xC7 #

0xC9 #>

0xC8 #s

OxDE behavior
0x23E byte-load
0xDD compile,
0x128 decode-phys
OxDA get-token
method encode-unit
0x227 Ibflip

0x228 Ibflips

0x229 Iwflip

0x23D next-property
0x23F set-args
0xDB set-token
0xDC state

0x89 unloop

H.5 New properties

Not the same as ol (now calledu#).
Not the same as ok (now calledu#>).
Not the same as olés (now calledu#s).

could be used.
could be used.

On pre-Open Firmwaré,byte-load" $find
On pre-Open Firmwaré,(compile)" $find

On pre-Open Firmware, thevflip " tokenizer macro was used.
On pre-Open Firmwaré,set-args" $find could be used.

On pre-Open Firmwaré,state" $find could be used.

Standard meanings for most of the followprgpertieswere introduced by this standard:

“#address-cells
“address-bits
“bootargs
“bootpath
“character-set
“compatible
“max-frame-size
“#size-cells
“status

“stdin

“stdout

H.6

Standardgropertyto define the package’s address format.
Standardgropertyto indicate number of network address bits.
Standardgropertycontaining the chosen boot commamnguments
Standardgropertycontaining the chosen bodévice-path
Standardgropertyto specify the character set for this device.
Standardgropertyto define alternatertame” property values.
Standardgropertyto indicate maximum allowable packet size.
Standardgropertyto define the package’s addreszeformat.
Standardgropertyto indicate the operational status of this device.
Standardgropertycontaining thehandleof the console input device.
Standardgropertycontaining thehandleof the console output device.

New user interface commands

Most pre-Open Firmware systems do not implement the following user interface commands.
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apply (... "method-name< >device-specifier< >" -- ??? Execute named method in the specified package.

char
[char]

close-dev
$create

environment?

("text< >" -- char)
(C: [text< >] --)

(-- char)
(ihandle --)
(E: -- a-addr)

( name-str name-len --)
(str len -- false | value true )

fm/mod (dn--rem quot)

noshowstack (-)

parse ( delim "text<delim>" -- str len )

parse-word ("text< >" -- str len)

(patch) (new-nl1 num1? old-n2 num2? xt -- )

postpone (C: [old-namex< >] --)
(...-?2??)

recurse (... -227?)

s" ( [text<">] -- text-str text-len )

s>d (nl1--dl1)

sm/rem (dn--rem quot)

status (-)

H.7 FCode name changes

Generate numeric code for next character from input buffer.
Generate numeric code for next character from input buffer.

Close device and all of its parents.
Call create ; new name specified lmjame string

Return system information based on input keyword.
Divide d by n.

Turn off showstack (automatic stack display).

Parse text from the input buffer, delimited dslim

Parse text from the input buffer, delimited by white space.
Change contents of command indicatedby

Delay execution of the immediately following command.

Compile recursive call to the command being compiled.
Gather the immediately following string.

Convert a number to a double number.

Divide d by n, symmetric division.

defer word that can be used to modify the user interface
prompt.

The following FCodesnameshave changedrom their pre-OpenFirmwareversionsfor clarity and consistency.
While this can affect the tokenizerand/oruserinterfacebehavior,the actualbehaviorof the function associated
with that FCode number has not changed. Existing (already-tokenized) pfogrlamghatusetheseFCodeswill

be unaffected.

Items marked with a * have retained the old name, as a synonym.

Old Name New Name
# u#

#> u#>

#s u#s

<< Ishift *
>> rshift  *
attribute property
/c* chars *
cal+ char+ *
decode-2int parse-2int
delete-attribute delete-property
eval evaluate *
flip whbflip

get-inherited-attribute
get-my-attribute
get-package-attribute
is

Iflips

map-sbus

nal+

/n*

not

u*x

version

wflips
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get-inherited-property
get-my-property
get-package-property
to

Iwflips

map-low

cell+ *

cells *

invert  *

um*

fcode-revision
whbflips
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X+ d+

X- d-

xdr+ encode+
xdrbytes encode-bytes
xdrint encode-int
xdrphys encode-phys
xdrstring encode-string
xdrtoint decode-int
xdrtostring decode-string
xu/mod um/mod

H.8 User interface name changes

The following user interfacecommandnameshave changedfrom their pre-OpenFirmware versions,with no
change in behavior.

Old name New name
.attributes .properties

cd dev

reset reset-all
select-dev open-dev
unselect-dev device-end

H.9 Other variances from the Open Firmware standard

The following items describe additional areas where existing pre-Bipamwareimplementationsnay not comply
with provisions of this specification. This list is not exhaustive.

H.9.1 dl command

In someexisting pre-OpenFirmwareimplementationsthe dl  commandreceivestext from a specific serial line
device regardless of the device that is the current input source.

H.9.2 Client interface

Most pre-Open Firmware implementations have a diffeckent interface

H.9.3 byte-load command
In someexistingpre-OpenFirmwareimplementationshyte -load doesnot saveandrestorethe tablesthatmap
program-defined~Code functiongo their assigneBCodenumbers On suchimplementationsan FCodeprogram
thatexecutedyte -load cannotdependon beingableto interpretany of its program-defined=Codefunctions
after byte -load returns.However,it can cancontinueto executecode that was previously compiledinto a
definition that calledbyte -load , and it can interpret system-defined FCode functions.
byte -load is not an FCode on many systems. Use:

" byte -load" $find drop execute

to achieve the equivalent effect.

Previoususageof byte-loaddoesnot supportthe executiontoken semanticsof the “xt” parameterlnstead,the
value of that parameter must always be 1.
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H.9.4 fcode-revision command

This FCodereturnsthe revision level of the FCodedeviceinterface(i.e., which FCodesare supported) Systems
which supportOpenFirmwarewill returna value of (hex) 0003.0000(i.e., 3.0), or possiblygreateras may be
required by future editions of this specification.

OpenBootversion2.x systemsreturn a similar encoding,i.e., (hex) 0002.00xx.OpenBootversion 1.x systems
return a value of (hex) 0000.xxxXx.

H.9.5 *“hierarchical " devices

Someexisting pre-OpenFirmwareimplementation®of SBus[B2] declarea “device_type " property value of
“hierarchical " instead of the requiredsbus ".

Someexistingpre-OpernFirmwareimplementation®f SCSldevicesdeclarea “device_type " propertyvalue of
“hierarchical " instead of the suggestedcsi .

H.9.6 within command
The definition of within ~ hasbeenchangedslightly to conform with ANS Forth. The changeaffectsonly the

behaviorfor argumentspanningthe barrier betweenpositive and negativenumbers,.e., 0x8000.00000rdinary
usage is not affected.

H.9.7 " hex strings
Somepre-OpenFirmware userinterfacesand tokenizes do not supportembeddechex valueswithin a " string.

However,an FCodeprogramthat useda newertokenizerto createsucha stringwill operateproperty, evenin an
older system that does not recognize such a construct from the user interface.

H.9.8 noshowstack command
noshowstack is not supported in mogre-OpernFirmwaresystemsHowever,thestatus commandwhile not

documented, may still be used on these systems to vabgltfasiorat the ok prompt.Alternatively,a power-cycle
may be used to turn offshowstack . Or, on some systemshowstack has a toggled behavior.

H.9.9 Path resolution

The path resolutionalgorithm has beenrefined to allow embeddedalias namesand to correctother problems.
Typical usage should be unaffected.

H.9.10 “name” property

The “name” property now recommendsa 6-digit OrganizationallyUnique Identifier (OUI), aswell asthe stock
symbol identifier.

H.9.11 New standard system nodes

The/chosen standard system node is new.
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H.9.12 Version 1.x
The first OpenBootsystemsshippedwere numberedas version“1.x”. While similar in many respectgo Open

Firmware,a numberof featureswere not supported,n additionto the other differencespreviously listed. For
detailed information on FCode version 1.x, congdliting FCode Program§B7].
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Annex |

Index of Open Firmware glossary terms

(informative)

--bp

-1

-bp

-rot
-trailing

map

“#addresscells”

“#address-cells”

“#size-cells”
“#size-cells”
wp

“laliases”
“Ichosen”
“lopenprom”
“loptions”
“addresshits”
“address”
“address-bits”
“available”

“block”
“bootargs”
“bootpath”
“byte”
“characterset”
“compatible”
“deblocker”
“decodeunit”
“device_type”

“disk-label”
“display”
“draw-logo”
“existing”

ufbln

ufb8n

ufontn

49, 73, 103
94, 119
52, 106
94, 119
49, 72,178
77,189

158
50, 58, 75, 101, 240

77,102,111
23,108, 175, 247

175

159, 173, 175
23,159, 175, 184

103

109

125

169

169

107

20, 55, 107, 145

27

24, 27,110, 125, 140, 159,
176

25, 26, 27,117, 132

85, 118

84, 119

25, 26,121, 132

124

20, 127, 247

24, 25, 26, 28, 117, 121, 129
108, 182

6, 20, 24, 25, 56, 117, 121
132, 134, 159, 163, 182, 187,
200, 208

25, 27,117,133, 170

25, 29, 56, 112, 132, 134,
136

136

24,110, 140

31, 48, 125, 126, 134, 145,
151, 155, 180, 183, 193, 243
25, 29, 31, 32, 58, 125, 126
134, 142, 145, 151, 155, 180,
183, 193

25

“hierarchical”
“interrupts”

“intr”

“load”
“local-macaddress”
“mac-address”
“max-framesize”
“max-frame-size”
“memory”

“mmu”

“model”

“name”

“network”

“obp-tftp”
“Open”
“packages”
“params”
“ranges”
“regH

“relative-addressing”
“restore”

“ring-bell”

“screen”

“scsi-2"

“selftest”

“serial”

“status”

“stdin”

“stdout”

#

#>
#addressells
#columns

#line
#lines

#Hout
#s

$calkmethod
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20, 150, 180, 202, 229
150, 151, 180, 245

26, 163
27,156, 157, 163, 236
27,156, 158, 163

159

27

27,159, 182, 189

23

20, 56, 160

7,15, 20, 41, 42, 44, 56
127, 132, 136, 160, 162, 171,
187, 229, 245, 247, 250
25, 26, 28, 132, 156, 158,
159, 163, 174, 236

26, 28, 163, 167, 233, 236
126

144, 170

245

23,173, 200

20, 24, 27, 40, 41, 56, 110,
140, 159, 161, 175, 184, 187,
200, 202, 229, 232

176

177

116

89

208

59

25, 27,132,182

20, 186

87, 186

87, 186

50, 78, 102, 190, 240, 248
50, 78, 102, 240, 248
130, 138, 158, 161

29, 32, 56, 126, 142, 195
241, 243, 244

52, 77, 141, 155, 240

29, 32, 56, 142, 155, 241
243, 244

52, 77, 169, 240

50, 78, 179, 240, 248

52, 55, 64, 123, 141, 155,
163, 164
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$callparent
$call-method
$call-parent
$callback
Screate

$find

$number
$nvalias
$nvunalias
$openpackage
$open-package
$setenv

Psift

(

()

(cr

(debug
(is-userword)
(is-user-word)
(patch)

(see)

(u)

*
*/mod

+!
+bp
+dis
+loop

.adr
.attributes
.bp
.breakpoint
.calls

.d
fregisters
.h
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91, 184
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78, 103, 104, 190
52, 128, 240

92, 130
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91, 170, 248

91, 181
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73, 160

49, 73, 103, 239
50, 75, 103, 240
94, 119
93, 133
54, 80, 117, 157

51, 81, 103, 126, 128, 154,
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239
240
240

50, 78, 103, 240
76, 103, 111
76, 99, 103, 111
94, 108, 192
249

94, 119

94, 119

91, 123

78, 129

92, 145

78, 147

.nstruction
.properties
.1
.registers
.S

.step

/
/aliases
/c

/c*
/chosen

/L

/l

I
/mod
/n

/n*
/openprom
/options
/packages
w

fw*

<#
<<

<>

<w@

>

>=

>>

>>a
>body
>font

>in
>number
>physical
>r

?

94, 119, 150, 186
90, 171, 249

50, 78, 172, 240

92, 175

50, 78, 179, 184, 240
94, 186

20, 49, 73, 103, 239

20

50, 51, 74, 122, 124, 125,
240

74,122, 248

21, 23, 61, 84, 85, 87, 182,
189, 250

240

51, 74, 153, 154, 157

51, 74, 153, 240

49, 73, 160, 239

50, 51, 74, 124, 161, 162,
240

74,162, 248

20, 176
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9,17, 21, 22, 27, 44

51, 74, 192, 193, 240

51, 74, 193, 240

81, 104, 111

81, 104, 108, 111, 139, 156,
157, 176, 188, 191

50, 78, 104, 240
50, 78, 104, 240
73,104, 248

52, 78, 104, 240
50, 78, 104, 240
51, 75, 193, 240

50, 78, 104, 240

50, 78, 104, 240

52, 78, 104, 240
73,104, 248

52, 73, 106, 239

51, 82, 118, 240

31, 57, 145, 183, 241
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77,165

48, 241, 246

49, 72,99, 172, 239
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?do

2dup
?leave

@

[

[

[char]
[compile]

\

]

Jtokenizer

0
0<
O<=
0<>
0=
0>
0>=

1
1-
1+

2

2-

2!

2*

2+

2/
2@
2constant
2drop
2dup
2over
2rot
2swap

3
3drop
3dup

4-byteid
4-byte-id

abort

abort"

49, 54, 73, 80, 114, 119, 135

154, 156
49, 72, 137, 240
80, 154

50, 58, 75, 104, 240

82, 105

19, 76, 82, 105, 111
76, 110, 124, 247
82,127

76, 105

82, 105
198

52, 100, 105, 240
50, 78, 105, 239
52, 78, 105, 239
50, 78, 105, 239
50, 78, 105, 239
50, 78, 105, 239
52, 78, 105, 239

52, 100, 105, 240
73, 106
73, 106

52, 100, 106, 240
73, 106

50, 75, 106, 240
49, 73, 106, 240
73, 106

49, 73, 106, 240
50, 75, 106, 240
80, 127

49, 72, 136, 240
49, 72, 137, 240
49, 72, 169, 240
49, 72,178, 240
49, 72, 187, 240

52, 100, 106, 240
72,137
72,137

48
240

51, 80, 106, 107, 140, 144,
149, 155, 187, 192, 241

80, 107, 109, 110, 115, 134,

135, 158, 164

abs
accept
adrmask
adr-mask
aerr!
aerr@
again
alarm
alias
align
aligned
alloc-mem

alloc-mem
allot

and

app_l_y
ascii
attribute
autocboot?
aux!
aux@
averr!
averr@

b(")
b()
b(+loop)
b(:)

b(;)

b(<mark)
b(>resolve)
b(?do)
b(buffer:)

b(case)
b(code)
b(constant)

b(create)
b(defer)

b(do)
b(endcase)
b(endof)
b(field)

b(leave)
b(lit)
b(loop)
b(of)
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81, 109

50, 74, 109, 240
27,52, 75, 109, 120, 125
145, 176, 245
240

81, 110, 153, 192
49, 73, 110, 239
95, 110, 140, 247
76, 110

248

35, 83, 84, 85, 110, 118, 239

204
204
204
204

53, 111, 239

53, 60, 111, 143, 239
54,114, 117, 239
52,53, 111, 141, 163, 164,
240

53, 111, 112, 113, 117, 119,
240
54,112, 113, 118, 240
54,112, 113, 119, 240
54,114, 117, 239

52, 53, 113, 114, 120, 141,
163, 164, 240

54, 113, 240

48, 240, 246

52, 53, 114, 141, 163, 164,
240

52, 53, 114, 141, 163, 164,
240

52, 53, 113, 114, 120, 141,
163, 164, 240
54,114, 117, 239

54, 115, 116, 240

54, 116, 118, 240

52, 53, 116, 141, 163, 164,
240

54, 116, 239

53, 117, 239

54, 114, 117, 239

54, 118, 239
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b(to)
b(value)

b(variable)

b?branch
banner

base

bbranch
begin

beginpackage
behavior

bell

between

b

blank
blink-screen

blink-screen
bljoin
block-size
body>

boot

bootcommand
bootdevice
bootfile
bootargs
bootpath
bounds

bpoff

bs

buffer:

buserrtype
busmasteregval
bwjoin

byte-load
byte-load

c!
Cl

c

c@

ca+

cal+
cacheoff
cacheon
cacheable
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240
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95, 115, 121, 139

53, 82, 115, 240

52, 76, 115, 240

52, 78, 116, 240

50, 76, 116, 240

75, 116

30, 32, 57, 58, 116, 142, 177
196, 243
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51, 74, 117, 240
28,117, 159, 174, 194

52, 82, 118, 240

84, 85, 92, 93, 100, 110, 118
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84, 85, 110, 118
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94, 119

52, 76, 119, 240
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51, 74, 120, 240
59,121, 171, 182, 249
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50, 58, 75, 121, 240

51, 81, 121, 126, 128, 154,
240

83, 121, 126, 154

50, 58, 75, 122, 240

51, 74,122

74,122, 248
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203
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call-method
call-package
call-package
callback
carret

case

cat
catch

cd

cdatal
cdata@
cell+

cells

char
charheight
charwidth
char+
char-height
char-width
character
charactesset
chars

child

claim

clear
clearcache
clock-frequency
close

closedev

closepackage
close-package
code

column#
command
comp

compile
compile,
console
constant

context!
context@
control
convert
count
cpeek
cpoke

cr

23

55, 123, 144

241

67, 89, 122

76,123, 128
54,79, 113, 115, 116, 118,
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240
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160, 176

72,125

204

201
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241
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29, 56, 126, 195, 196, 241
86, 180

51, 75, 126, 240

82,127

51, 82, 127, 240
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76, 128

48, 240
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create
created
ctag!
ctag@
ctrace

ad-

d#

d+

d-
dcontext@
debug
debugoff
decimal
decodebytes
decodeint
decodephys
decodespace
decodestring
decodeunit
decode-2int
decode-int
decode-phys
decode-string
defaultfont
default-font
defer

deletecharacters
deletelines

deleteproperty
delete-attribute
delete-characters
delete-lines
delete-property
depth

dev

devalias
deviceend
devicename
devicetype
device-end
device-name
device-type
device_type
diag
diag-device
diagfile

53, 81, 114, 128, 136, 247
81

204

204

92,129

50, 73, 129

77,129

50, 73, 129, 240, 248

240, 248

204

92,129, 130, 187, 189
92,129, 130

70, 77,130

95, 130

56, 130

56, 108, 130

202

56, 130

22, 40, 108, 130, 202, 208
248

241, 248

241

241, 248

31, 57, 130

241

6,17, 19, 29, 30, 32, 53, 57
67, 81, 82, 92, 114, 115, 116
119, 120, 131, 134, 136, 140,
142, 149, 150, 152, 163, 177,
185, 186, 188, 189, 192, 243
244, 248

30, 32, 57, 58, 131, 142, 151
195, 243

30, 32, 57, 58, 131, 142, 151
195, 196, 243, 244

56, 131

248

241

241

241, 248

49, 72, 131, 240

90, 131, 144, 249

15, 89, 109, 132, 165, 166
90, 132

56, 132, 162

56, 132

249

241

241

112

132

84, 85, 132, 133, 156, 239
84, 85, 132, 133, 156, 239

diag-switch?
diagnose
diagnostiemode?

diagnostic-mode?
digit

dis

disk

diskO

display
display-status
display-status

dl

dmaalloc

dmafree
dmamapin
dmamapout
dmasync
dma-alloc
dma-map-in
do

does>
draw-character

drawlogo

draw-character
draw-logo
driver

drop

dump

dup

else

emit
emit-byte
enable!
enable@
encodebytes
encodeint

encodephys
encodestring

encodeunit
encode+
encode-bytes
encode-int
encode-phys
encode-string
endcode
endpackage
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52, 77, 133, 240

93, 133

15, 118

85

87

59, 134, 245

241

90, 134, 249

23, 48, 134, 135, 208, 209,
235, 245

23, 134, 208

23, 134, 135, 235

23,135

23, 135, 235

241

235

49, 54, 73, 80, 114, 116, 117
119, 135, 154, 156, 157
81, 99, 128, 136

25, 30, 32, 57, 58, 136, 142
151, 243

25, 30, 32, 57, 58, 112, 134,
136, 142, 152, 244

234, 241

241

48, 136, 241, 245

49, 72, 136, 240

75, 137

44,49, 72,137, 171, 240

79,112, 119, 137

50, 76, 137, 150, 240

197, 198

204

204

55, 137, 138, 156, 158, 201
55, 107, 108, 138, 150, 175,
186, 200, 201, 202

55, 108, 130, 138, 173, 175
55, 118, 119, 124, 127, 132,
137, 138, 160, 162, 186
22,138
55,127, 137, 241, 248

241, 246, 248

110, 140, 184, 241, 246, 248
241, 248

200, 241, 248

83, 126, 139, 154

95, 139
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endO 59, 138, 139, 239 fb8-install 29, 30, 31, 32, 58, 116, 125,
endl 59, 139, 240 126, 131, 136, 140, 142, 145,
endcase 79, 115, 139 149, 152, 155, 177, 180, 189,
endof 54,79, 116, 139, 167 193
environment? 82, 139, 247 fb8-invert-screen 32,58, 142
erase 75, 140 fb8-resetscreen 32, 58, 143
erasescreen 30, 32, 57, 58, 140, 142, 151, fb8-togglecursor 32, 58, 143
177, 196, 244 fb8-blink-screen 241
erase-screen 241 fb8-delete-characters 241
eval 80, 134, 140, 248 fb8-delete-lines 241
evaluate 51, 80, 118, 140, 240, 248 fb8-draw-character 241
even 73, 140 fb8-draw-logo 241
execute 19, 51, 80, 140, 239 fb8-erase-screen 241
executecommand 209 fb8-insert-characters 241
executedevicemethod38, 39, 40, 95, 110, 140, 181, fb8-insert-lines 241
188 fb8-install 142, 241
exit 51, 80, 140, 239 fb8-invert-screen 241
exit? 77,141, 155 fb8-reset-screen 241
expect 50, 76, 141, 153, 184, 240 fb8-toggle-cursor 241
external 95, 141, 147 fcodedebug? 95, 143, 147, 163, 239
externaitoken 52,53, 141 fcoderevision 59, 143
external-token 229, 240 fcode-revision 240, 248, 249
fcode-version 241, 245
f 177 ferror 49, 59, 143, 240
false 39, 40, 51, 67, 75, 79, 84, field 53, 81, 116, 143, 187
85, 86, 108, 118, 121, 128, fill 50, 75, 144, 240
133, 137, 140, 141, 143, 144, find 82, 144
146, 151, 156, 157, 159, 165, find-device 39, 40, 64, 90, 144, 149, 169,
167, 168, 170, 185, 187, 188, 183
191, 192, 194, 196, 239 find-method 19, 55, 123, 144
fbl-blink-screen 243 find-package 54, 144, 169
fbl-deletecharacters 243 find-method 241
fbl-deletelines 243, 244 find-package 241
fbl-draw-character 243 finish-device 59, 121, 139, 145, 171
fbl-drawlogo 244 finish-device 241
fbl-erasescreen 244 firmware-version 245
fbl-insertcharacters 244 firmware-version 241
fbl-insertlines 244 flip 248
fol-install 125, 126, 145, 180, 193, 243, fload 198
244 fm/mod 73, 145, 247
fbl-invert-screen 244 font 31
fbl-resetscreen 244 fontbytes 31, 57, 145, 183, 241
fbl-slide-up 244 forget 81, 145
fbl-togglecursor 244 forth 82, 145
fbl-install 244 framebuffer-adr 30, 31, 57, 145
fb8-blink-screen 32,58, 142 framebuffer-busy? 48
fb8-deletecharacters 32, 58, 142 frame-buffer-adr 241
fb8-deletelines 32,58, 142 frame-buffer-busy? 241
fb8-draw-character 32, 58, 142 freemem 27,52, 75, 109, 145, 176
fb8-drawlogo 32,58, 142 freemem, 125
fb8-erasescreen 32,58, 142 freevirtual 55, 145, 158
fb8-insertcharacters 32, 58, 142 free-mem 240
fb8-insertlines 32,58, 142 free-virtual 241
full 86, 180
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getinheritedproperty 56, 146

getmsecs
getmy-property

59, 146
56, 146

getpackageproperty 56, 146

gettoken
getunum

53, 146
202

get-inherited-attribute248
get-inherited-property241, 248

get-msecs
get-my-attribute
get-my-property

241
248
241, 248

get-package-attribute 248
get-package-property 241, 248

get-token
getprop
go

gos
groupcode
group-code

h#
headerless
headers
help

here

hex

hold

hop

hops

[

idprom

idprom@

if
ihandle>phandle
immediate
init-program
input
input-device
insertcharacters

insertlines
insert-characters
insert-lines
installabort
installconsole

instance

interruptenable!
interruptenable@

240

20, 86

92, 93, 94, 118, 146, 155,
181, 185, 186

94, 146

48, 245

241, 245

9, 77,147

95, 141, 147, 164

95, 141, 143, 147, 163, 239
83, 147

51, 81, 147, 240

70, 77, 148

50, 78, 148, 190, 240

93, 94, 148

94, 148

50, 80, 148, 239

201

205

79, 94, 113, 137, 148, 188
54, 148, 241

82, 148

93, 148, 155, 185

88, 149, 150, 152

87, 88, 149, 150, 239

30, 32, 57, 58, 142, 149, 151,

195, 244

30, 32, 57, 58, 142, 149, 151,

195, 244

241

241

27,149, 182

83, 84, 87, 88, 89, 149, 150,
169

17,52, 53, 113, 114, 120,
150, 240

205

205

intr
inversescreen?
inverse-screen?
inverse?

invert
invert-screen

invert-screen
io

is

is-install

is-remove
is-selftest
is-install

is-remove
is-selftest

j
key

key?
keyboard

I

l,

@

la+

lal+

label

Ibflip

Ibflips

Ibsplit

Icc

leave
left-parsestring
left-parse-string
Iflips

line#

linefeed
lines/page
literal

load

loop
Ipeek
Ipoke
Is
Ishift
Iwflip
Iwflips
lwsplit
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241

88, 152
248

29, 30, 57, 126, 136, 152,
177

29, 57,152
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177, 241
241

241

50, 80, 153, 239

50, 76, 150, 153, 240
50, 76, 153, 240
149

51, 75, 153, 240

51, 81, 126, 153, 154, 240
51, 75, 153, 240

51, 74, 153, 240
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83, 121, 139, 154

51, 74, 154, 241

51, 75, 154, 241

51, 74, 154, 240

52, 77, 154, 240

80, 116, 154

37,55, 154

241
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76, 155

141

82, 99, 155
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118, 119, 121, 132, 146, 155,

156, 163, 233, 236

54, 80, 114, 116, 117, 156
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90, 157

49, 73, 104, 157, 239, 248
51, 74, 157, 241

51, 75, 157, 241, 248

51, 74, 157, 240

261



IEEE
Std 1275-1994

m*
macaddress
mac-address
map

mapin
maplow
map-out
mappage
mappages
map-segments
map-low
map-out
map-sbus
map?

mask

max
maxtransfer
memmap
memory

memorytestsuite
memory-test-suite

min
mips-off
mips-on
mmu
mmu-nctx
mmu-npmg
mod

model
modify
move

ms
my-address
my-args

my-params
my-parent
my-self
my-space
my-unit
my-address
my-args
my-params
my-parent
my-self
my-space
my-unit

na+

nal+

name
namedtoken
named-token
negate
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73, 157
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55, 108, 158
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205

205

205

241, 248

145
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59, 158, 159, 241

49, 73, 159, 239

28, 117, 159, 208

48, 241, 245

21,61

59, 158, 159, 245

241

49, 73, 159, 239
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200

21

200

201

49, 73, 160, 239

20, 56, 160, 241

24, 140, 158, 160

50, 75, 160, 240
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55, 108, 115, 161, 175, 182
40, 55, 115, 121, 156, 161,
171, 182
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54, 115, 123, 124, 161, 188
55, 108, 115, 161, 175, 182
40, 55, 108, 161, 175
232, 241

241

241, 245

241

241

232, 241

232, 241

51, 74, 162, 240
74,162, 248

20,21

52, 53, 143, 147, 163
240

49, 73, 163, 239

net
network
newdevice

new-name
newtoken
new-device
new-token
nextproperty
next-property
nip

no-datacommand

nodefaultbytes
none

noop
noshowstack
not

nvalias
nvedit
nvquit
nvramrc
nvrecover
nvrun
nvstore
nvunalias

ot

obio
obmem
octal
oembanner
oembanner?
oenmtlogo
oentlogo?
of

off

offset
offset16

on

open

opendev

openpackage
open-dev
open-package
or

output
outputdevice
over

pack
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157

59, 115, 121, 145, 163, 171,
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131

52, 53, 147, 164

241

240

54, 164

241

49, 72, 164, 240
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pagesize
parse
parse2int
parseword
parse-2int
password
patch

peer
pgmap!
pgmap?
pgmap@
pick
poll-packet
poll-packet
postpone
printenv
probe
probeall
probeself
probevirtual
probe-virtual
processotype
processor-type

property
pwd
quit

r>
r@
rb!

rb@
read

readblocks
recurse

recursive

reg
relativeaddressing
release

removeabort
repeat

reset
resetall
resetscreen

reset-all
reset-screen
restore
resume
retry-command
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76, 170, 247

55, 170

76, 170, 247

241, 248

88, 170, 181

91, 170

54,171, 241

203

203

203

49, 72,171, 240
48

241

82,171, 248

20, 86, 164, 171, 181
48, 241, 246

35, 83, 84,90, 171
23,171

48

241, 246

48

241, 246

56, 132, 160, 162, 172, 175,
229, 241, 248

90, 172

80, 172

49, 72,172, 239

49, 72,172, 239
58,121, 173, 179, 241

58, 122,174, 241

23, 24, 26, 27, 28, 35, 65
117, 121, 149, 163, 168, 174,
181, 182, 233

28,174

82,174, 248

82,174

56, 161, 175, 241
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24, 27,110, 125, 158, 159,
160, 176, 191
27,149, 176, 182
79,112,119, 176, 193
23,176, 249

66, 85, 88, 110, 176, 239
30, 32, 57, 58, 143, 152, 177
196, 244

249

177, 241

25, 27,134, 152,177, 182
91, 92, 177

209

return
returnbuffer
return-buffer
ring-bell
ring-bell

rl!

r@

roll

rot

rshif

rshift

rw!

w@

=~
s

S.

s>d
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show-children
showdevs
showstack
sifting

sign

sm/rem
smap!

smap?
smap@
source

space
spaces

span

startO

startl

start2

start4

state
statevalid
status

stdin

stdout

step

stepping
steps

struct
suppresanner
suspenecode
suspend-fcode
sverr!

sverr@

swap

sym
sym>value
sync

test
testall
then
throw

264

IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

48, 53,173, 174, 177, 178,

179, 183

232, 241

122

241

240

240

240

20, 86, 99, 164, 166, 167,
181, 183

20, 86

209

208

89, 183

90, 164, 184, 247, 250
91, 184

50, 78, 184, 240
73,184, 248

203, 205

203

203

76, 184

77,184

77,184

50, 76, 184, 240

46, 47, 59, 168, 185, 240
46, 47, 59, 168, 185, 240
46, 47, 59, 168, 185, 240
46, 47, 59, 168, 185, 240
51, 82, 185, 240

93, 146, 185

185, 248, 250

21, 88, 149, 186

21, 88, 169, 186

93, 94, 148, 186, 187
92,129, 187, 189

94, 187

81, 187

84, 89, 90, 112, 171, 187
59, 187

241

205

205

49, 72, 187, 240

94, 187, 188

67, 94, 187, 188

67, 89, 188

22, 88, 181, 188
88, 181, 188
79, 119, 188

39, 40, 51, 80, 109, 110, 121,
122, 123, 124, 125, 134, 135,

till
to

togglecursor
toggle-cursor
tokenizer|
tracing
translate
true

tuck
type

u#

u#>

u#s

u*

u*x

u.

u.r

u/mod

u<

u<=

u>

u>=

u2/

um*

um/mod
unalignedl!
unalignedl@
unalignedw!
unaligneéw@
unloop
unmap
unselect-dev
until

upc
usenvramrc?

userabort
user-abort

140, 158, 160, 164, 188, 191,
241

94, 188

9, 81, 82, 92, 116, 119, 120,
126, 131, 136, 140, 145, 149,
152, 155, 177, 186, 188, 189,
192, 248

30, 32, 57, 58, 143, 189, 244
241

198

92,129, 189

24, 140, 158, 160, 189

22, 40, 50, 51, 52, 59, 75,
76, 77,78, 79, 80, 82, 84,
85, 86, 87, 88, 89, 93, 95,
98, 104, 105, 109, 110, 112,
116, 118, 121, 128, 132, 133,
140, 141, 143, 144, 146, 151,
153, 157, 159, 165, 166, 167,
168, 170, 181, 185, 188, 189,
190, 191, 192, 193, 194, 196,
239

49, 72, 189, 240

50, 76, 189, 190, 240

51, 78, 190, 240, 248
51, 78, 190, 240, 248
51, 78, 190, 240, 248
73, 190

248

50, 78, 190, 240

50, 78, 191, 240

49, 73, 191, 239

50, 78, 190, 240

52, 78, 190, 240

50, 78, 190, 240

52, 78, 190, 240

51, 73, 190, 240

50, 73, 190, 240, 248
50, 73, 190, 240, 248
75, 191

75, 191

75, 191

75, 191

50, 80, 191, 240

24, 140, 160, 191
249

79, 113, 191

52, 77,191, 240

35, 83, 87, 165, 166, 191
239

59, 192

241



CORE REQUIREMENTS AND PRACTICES

vac-hwflush
vaclinesize
value

value>sym
variable

version
versionl

w!
Wl

w@

wat

wal+
wbflip
whbflips
whbsplit
wflips
while
window-left

window-top

window-left
window-top
within
wljoin

word
words
wpeek
wpoke
write

write-blocks

X+

X-

xdr+
xdrbytes
xdrint
xdrphys
xdrstring
xdrtoint
xdrtostring
xmit-packet
xmit-packet
xor

201 xu/mod
201

9,17, 29, 31, 53, 56, 57, 81
82,92, 120, 125, 126, 145,
150, 151, 155, 163, 180, 189,
192, 193

67, 94, 108, 192

17, 50, 51, 52, 53, 59, 76,
77,81, 82, 88, 93, 112, 120,
148, 150, 155, 158, 163, 169,
184, 185, 186, 192, 245

248

46, 47, 59, 168, 192, 240

51, 75, 192, 240

51, 81, 126, 128, 154, 192,
240

51, 75, 192, 240

51, 74, 193, 240

51, 74, 193, 240

51, 74, 193, 240, 248

51, 75, 193, 241, 248

51, 74, 193, 240

248

79, 113, 176, 193

30, 31, 32, 57, 126, 142, 193
243, 244

30, 31, 32, 57, 142, 155, 193
243, 244

241

241

50, 78, 193, 240, 249

51, 74, 194, 240

76, 194

91, 194

58, 194, 241

58, 194, 241

23, 25, 26, 27, 28, 35, 65
117, 121, 134, 152, 163, 168,
169, 181, 182, 194, 233, 234
28,194

248
248
248
248
248
248
248
248
248
48
241
49, 73, 194, 239

248

IEEE
Std 1275-1994

265



IEEE
Std 1275-1994 IEEE STANDARD FOR BOOT (INITIALIZATION CONFIGURATION) FIRMWARE:

Annex J
Bibliography

(informative)

[B1] IEEE Std 1014-1987, IEEE Standard for a Versatile Backplane Bus: VMEbus.

[B2] IEEE Std 1496-1993, IEEE Standard for a Chip and Module Interconnect Bus: SBus.

[B3] ISO/IEC 8802-3 : 1993 [ANSI/IEEE Std 802.3, 1993 Edition], Information technology—Local and
metropoltan areanetworks—Part3: Carrier sensemultiple accesswith collision detection(CSMA/CD) access

method and physical layer specifications.

[B4] ISO/IEC 10288 : . . . , Information processingsystems—Enhance&mall Computer System Interface
(SCsh2)»

[B5] OpenBoot Command ReferenBevision 2x, Sun Microsystems, Inc., 1994.
[B6] OpenBoot PROM Architecture Specificatidtevision 2.0, Sun Microsystems, Inc., March 1991.

[B7] Writing FCode ProgramsRevision 2x, Sun Microsystems, Inc., 1994.

10|EEE Std 1014-1987hasbeenwithdrawnandis out of print; however copiescanbe obtainedfrom the IEEE Standardepartment)EEE, Inc.,
445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA.

11 This documentis in progressWhenit is approvedand published,it will supersedehe currentstandard,|SO/IEC 9316 : 1989, Information
processing systems—Small Computer System Interface (SCSI).

266



