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 RetroBSD is a port of 2.11BSD Unix intended for small
embedded systems

 Currently Microchip PIC32MX 32bit microcontroller with
at least 128 Kbytes of RAM and 512 Kbytes of Flash is
supported

 Developer - Serge Vakulenko
 Home page http://retrobsd.org/

RetroBSD
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RetroBSD - MCU supported

 MIPS M4K architecture, with executable data
memory and flexible RAM partitioning between
user and kernel modes

 RAM 128kbyte (!)
 Flash 512(+12)kbyte
 Fcpu 80MHz, 80mips
 PIC32MX695F512L(100pin)
 PIC32MX795F512L(100pin)
 PIC32MX695F512H(64pin)
 PIC32MX795F512H(64pin)
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RetroBSD - Minimalistic system

4 13.10.2011

 “A Minimalistic system”
 1x MCU
 1x SD-card
 4x LEDs
 3.3V voltage regulator
 10 resistors, 10 capacitors, breakout board
 8MHz crystal
 Serial connectivity via RS232, Bluetooth, USB
 Battery
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RetroBSD - Minimalistic
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 Supported Boards:
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RetroBSD – a typical mini-system
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RetroBSD – major changes against 2.11BSD
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Serge comments on RetroBSD development:

* Kernel sources fixed to compile for MIPS using GCC.  Added function 
prototypes.  Fixed all gcc -Wall warnings..

* Removed networking layer: no chances to fit into available RAM.
It's easy to add them back later..

* Removed accounting and kernel options QUOTA, 
EXTERNALITIMES, SOFUB_MAP..

* Removed PDP-dependent features: memory map, clicks, floating
point stuff, overlays, separate code/data space, unibus, 
UCB_CLISTS, drivers..

* Removed useless syscalls: getlogin/setlogin, phys, fperr..
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RetroBSD – major changes against 2.11BSD
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* Removed struct text. We have not enough incore memory to store 
shared executable code..

* All system data structures fixed to use word-sized data types.
Short and char values are not efficient for RISC architecture..

* Block size increased from 512 bytes to 1 kbyte..

* Filesystem structure changed for 1-kbyte block size..

* Implemented single-process user memory allocation.  No 
malloc/mfree for core memory: all allocation is static..
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RetroBSD – major changes against 2.11BSD
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* Implemented setjmp/longjmp.. There will be two U areas allocated: one for 
swapper (i.e. process 0) and another for all other processes. Switching is performed in 
longjmp, by copying the data

* Implemented swapping to file on a root filesystem.. A swap file is a special 
contigious region, created by mkfs

* Implemented PIC32 simulator, based on VirtualMIPS engine..

* It was a key question: is it possible to implement process switching 
without MMU?.. Kernel stack is a part of U area, it should remain at fixed 
address, to be used by interrupt handlers.  But it must be replaced when switched to a 
new process.  If occured, that there is a single place, where it could be implemented: 
longjmp() routine.  In 4.3BSD it is called resume().  It acts much like the standard 
longjmp() jumping to previously saved thread context, but before it a U area is 
"remapped", resulting in a process switch.
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RetroBSD – major changes against 2.11BSD
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* "Remapping" is performed by exchanging a contents of U area..
Actually, there are two areas: U and U0, allocated as static arrays at fixed addresses 
(in a linker script).  We explore the feature, that a process switch could happen only 
from user program to swapper (process 0), or from swapper to a user program.  When 
a user process is running, a U area contains it's struct user and a kernel stack.  At this 
time, U0 area contains a copy of U data for swapper.  When we switch to swapper, the 
contents of U and U0 is exchanged.  Next we switch from swapper to another user 
process, and they are exchanged again.  When a swapper wants to change a process, 
it saves the user code, data and U0 area to disk, reads another process' data from disk 
and calls longjmp().

* The major obstacle was a debugging of kernel.. Implementing context 
switching, interrupt handlers, masking/unmasking, user mode signals is 
a hard task.  Developing a simulator was also an interesting and tricky part.
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RetroBSD – memory maps
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Filesystem
16Mb-16Gb

Swap 2+Mb

SDcard
Flash

User 
384Kb

Kernel 
128Kb RAM

Kernel 32Kb

User 
96Kb
Text, Data, 
Stack

MCU

Sdcard:
Write 250-600Kbytes/sec
Read 600-1700Kbytes/sec

12.5ns RAM access
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RetroBSD – dev tools
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 GCC 4.6.1 for MIPS
 http://retrobsd.googlecode.com/svn/trunk/ retrobsd
 2.11BSD-tape utilities (optimized for size)
 cpp-chipKIT-cxx 4.5.1

The following components are built: 
---------------------------------------------------
crt0: C startup routine
libc: C library
elf2aout: utility for converting ELF files to BSD a.out format 
fsutil: utility for creating BSD filesystem images 
virtualmips: MIPS simulator, with PIC32 extensions
unix.hex: BSD kernel, to be flashed to PIC32
bin/* utilities
sbin/* utilities
root.bin: image of root filesystem, to be copied to SDcard
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RetroBSD – today’s limits

13 5.11.2011

 PIC32MX MIPS only
 128Kbytes RAM = 32Kb Kernel + 96Kb User
 Max 20 (10) tasks/jobs in timesharing
 Size of the User’s job max 96Kb (code, data, stack)
 1x Serial UART (up to 6) + 1x Serial via USB
 1x SD-card (up to 4 SPIs, ~unlimited)
 SWAP on the SDcard (“slow”)
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RetroBSD – To Do
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 A very long To Do list
 USB stack ( console/serial )
 Multiport UART
 Multicard support
 TCP/IP stack
 SDRAM for SWAP (?)
 Tools, Applications, etc.
 ARM (?)
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RetroBSD – Demonstration
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RetroBSD – Demonstration
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RetroBSD – Demonstration
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RetroBSD – Demonstration
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