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«A long time ago» ... iIn our own galaxy ...
appeared block storages ...

FreeBSD 3: struct cdevsw

FreeBSD 4: struct cdevsw + early disk(9) KPI

FreeBSD 5: disk(9) KPI + GEOM



Block storage above disk(9)

e Data operations:
- Read
- Write
* Properties
- Block size
- Capacity



Block storage KPI

 Data operations: o start(struct bio *)
- Read - BIO _READ
- Write - BIO WRITE

* Properties
- Block size - sectorsize

- Capacity - mediasize



Removable block storage

* Media lock/notify » access(), spoiled()
« Data operations:  start(struct bio *)

- Read - BIO_READ

- Write - BIO_WRITE

* Properties

- Block size - sectorsize
- Capacity - mediasize



Write-caching block storage

* Media lock/notify » access(), spoiled()
« Data operations:  start(struct bio *)

- Read - BIO_READ

- Write - BIO_WRITE

- Cache flush - BIO_ FLUSH

* Properties

- Block size - sectorsize
- Capacity - mediasize



Thin-provisioned block storage

* Media lock/notify » access(), spoiled()
e Data operations: o start(struct bio *)

- Read - BIO_READ

- Write - BIO_ WRITE

- Cache flush - BIO_ FLUSH

- Unmap / Trim - BIO DELETE

* Properties

- Block size - sectorsize
- Capacity - mediasize



Addtional attributes

* Media lock/notify » access(), spoiled()
» Data operations: o start(struct bio *)
- Read - BIO_READ
- Write - BIO_ WRITE
- Cache flush - BIO FLUSH
- Unmap / Trim - BIO DELETE
* Properties
- Block size - sectorsize
- Capacity - mediasize
- C/H/S, physical sector - stripesize, stripeoffset,

size, serial number, ... BIO GETATTR



From one layer to many — GEOM

Block storage KP”I

5 Block storage KP!

— Block storage KPI



GEOM topology
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Mounted UFS in GEOM

/dev/ada0 g /mnt/...

DEV «adaO» VFS «adaO»

1B 1B

ada0

DISK «ada0»

ATAHDD



Disk partitioning in GEOM

~ IdeviadaOs1 = /dev/ada0s2

'DEV «adaOs1»  DEV «adaOs1»

DEV «ada0» PART «ada0»

4 4
adal

DISK «ada0»

~ ATAHDD



Cascaded disk partitioning

DEV «ada0s1a» DEV «adaOs1b»

1 | 11

| adalOs1a adalOs1b o |
| PART «ada0s1» ~ DEV «ada0s2»
i | i |
| | ada0s1 ada0s2 |
DEV «ada0» PART «ada0»
1 T 1L
ada0

DISK «ada0»




GEOM functionality

* Tasting

* Orphanization
» Spoiling

« Configuration

 |/O procesing



GEOM Iin threads

e Tasting

* Orphanization
» Spoiling

» Configuration

e |/O submission

 |/O completion

o

o

g_event

g_down
g_up



d_open()/d_close()

GEOM calls and thre
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Block storages below disk(9)

« SCSI disks/CD/DVD
ATA/ATAPI disks/CD/DVD
MMC/SD cards

NAND flash

Proprietary block devices:

nvme(4)/nvd(4)
mfi(4)
aac(4)



ATA/SCSI block devices before 9.0

ATA — ata(4) SCS| - CAM
* ad: disk(9) — ATA
 afd: disk(9) — SCSI » da: disk(9) — SCSI
e acd: disk(9) —» SCSI  « cd: disk(9) — SCSI
e atapicam: wrapper
 ATA bus  SPI| bus
« ATAcommand queue <« SCSI|Icommand queue
 ATA HBA drivers « SCSI| HBA drivers




ATA/SCSI block devices after 9.0

CAM handling both ATA and SCSI
e ada: disk(9) — ATA
» da: disk(9) — SCSI
e cd: disk(9) — SCSI
* Virtualized bus: ATA, SATA, SPI, SAS, ...
* Unified ATA/SCSI command queue
* Unified ATA/SCSI HBA drivers




Unified diversity

# camcontrol devlist -v

scbusB on mpsB bus B

CATA INTEL SSDSC2CW12 48815 - scbusB target 8 lun B (passB,dad)
CATA INTEL 5SDSC2CW12 48815 scbusB target 1 lun B (passl,dal)
CATA INTEL SSDSC2CW12 48815 scbusB target 2 lun B (passZ,da?)
CATA INTEL SSDSC2CW12 48815 scbusB target 3 lun B (pass3,da3)
LSILOGIC SASX28 A.6 9> SCBUSB target 21 Tun B (passd,sesd)

N - Il AHCI SATAHBA lun =10
scbusl on ahcichB bus 4

CINTEL SSDSC2CW126A3 480> at scbusl target 9 lun B (adaB,passo)
CINTEL SSDSC2CW126A3 4881 at SChigitanasatate ' 0 (adal,passb)
C(INTEL SSDSC2CW126A3 4681 Sct 1 B (adaZ,pass’)
CINTEL SSDSCZ2CW126A3 4881 > scbusl target 3 lun B (ada3,passd)
<AMI MGY®71 1.08 BB11> scbusl target 5 lun B (passY,sesl)
Port Multiplier 37261855 1766> scbusl target 15 lun © (passl@,pmp@]
O t scbusl target -1 Tun -1 (

Silicon Image Port Multiplier SES in SATA backplane via PMP 12C)




Back to a wider view

GEOM

Disk(9) KPI

Disk 1 W Disk 2 | Disk3 Disk 4




Disk multipath

e 2+ SAS HBAs + dual-expander JBOD + SAS disks;
« 2+ FC HBAs + storage with several FC ports;
* iISCSI initiator and target with 2+ NICs each;

= Host
* Improved reliability HBA HBA
* Improved performance ] [ ] [

S



# geom disk list
Geom name: dab
Providers:

1.

Name: dab

Mediasize: 5U156374416 (6Y936)
Sectorsize: 517

Mode: rBuwbeb

descr: SEAGHTE ST375863055
lunid: 5888c5HWUKUBE12d23

ident: 30KBAG3PHUHHUUBYB32UGPM
fwsectors: b3

fwheads: 255

Geom name: dal
Providers:

1.

Name: dal

Mediasize: 5U156374416 (6Y936)
Sectorsize: 517

Mode: rBuwleb

descr: SEAGHTE ST375863055
lunid: 5888c5HWBULBE12d23

ident: 30KBAG3PHUHHUBYB32UGPM
fwsectors: b3

fwheads: 255




Disk multlpath Ig GEOM

/dev/multlpath/dlsk0

DEV cmultipath/disko»

| /dev/da0 j [ /dev/da1
B | multipath/disk0 - |
- DEV «da0»  MULTIPATH «disk0» ~ DEV «dal»

1B 1B 1B 1B

| da0 | da1 |
| DISK «da0» ’ DISK «da1»




#t gnultipath list

Geom name: diskB

Type: RUTOMATIC

Mode: Hctive/Passive

UUID: 5b5bb6Y9cH-1d3e-11e3-a4992-UHB2590662ecHd

State: OPTIMAL

Providers:

1. Name: multipath/diskb
Mediasize: 758156373584 (6980G)
Sectorsize: 517

Mode: rBuwbed
State: OPTIMAL

Consumers:

1. Name: daH
Mediasize: 758156374416 (69806)
Sectorsize: 517
Mode: rluwlel
State: HCTIVE

. Name: dal

Mediasize: 758156374416 (69806)
Sectorsize: 512
Mode: rluwlel
State: PRASSIVE




ID
0
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RAID Volumes:

BlIOS-assisted «Fake» RAID

Intel(R) Rapid Storage Technology - Option ROM - 10.8.0.1303

Copyright(C) 2003-11 Intel Corporatiom.

All Rights Reserved.

[ MAIN MENU 1

2. Delete RAID Volume
3. Reset Disks to Non-RAID

Level
RAID1(Mirror)
RAIDO(Stripe)

Name
Uolume®
Uolumel

Physical Devices:

Port Device Model

0
VA

Serial #
D2CSTK251A10-006 1290011215000012
D2CSTK251A10-006 1290011214000258

[ESC]-Exit

[T1]-Select

4. Recovery Volume Options
5. Acceleration Options
6. Exit

[ DISK/VOLUME INFORMATION 1

Size Status
30.0GB Normal
51.8GB Normal

Strip
N/A
64KB

Bootable
Yes |
Yes

Size TypesStatus(Vol ID)
55.8GB Member Disk(©0,1)
95.8GB Member Disk(0,1)

[ENTER]1-Select Menu




#t geom disk list
Geom name: adal
Providers:

1.

Name: adab

Mediasize: b6BB2243HE896 (556G)
Sectorsize: 517

Mode: rlwlel

descr: DZ2CSTK251A18-8860H
lunid: 5e83a97818817ab9
ident: A1290011215888481°7
fusectors: b3

fwuheads: 16

Geom name: adal
Providers:

1.

Name: adal

Mediasize: b6BH2243HEB96 (556)
Sectorsize: 517

Mode: rlwlel

descr: DZ2CSTK251A18-886H
lunid: 5e83a9781881433a
ldent: H12900112148488258
fusectors: b3

fwuheads: 16




BIOS-assisted RAID in GEOM

/dev/raid/rO /dev/raid/r1

~ DEV «raid/f0»  DEV «raid/rl»

\ /dev/ada0 ] [ ] [ - /dev/adal
T = raid/r0 raid/r1 e
DEV «adaO»  RAID «Intel-6eca044e»  DEV «adal»

N B H B H B 4
adal ada1

| DISK «adaO» DISK «adatl»

SATA HDD SATA HDD



# graid list
Geom name: Intel-becaBdde
State: OPTIMAL
Metadata: Intel
Providers:
1. Name: raid/r@g
Mediasize: 32212254728 (3806)
Sectorsize: 517
Mode: rBuwbed
Subdisks: adaB (ACTIVE), adal (RACTIVE)
Dirty: No
State: OPTIMAL
Strip: 65536
Components: 2
Transformation: RAID1
RAIDLevel: RAIDI1
Label: VolumeB
descr: Intel RAID1 wvolume
Name: raid/r1l
Mediasize: 55618179584 (516G)
Sectorsize: 517
Stripesize: bB5536
otripeoffset: B
Mode: rBuwbed
Subdisks: adaB (ACTIVE), adal (ACTIVE)
Dirty: No
State: OPTIMAL
Strip: 65536
Components: 2
Transtormation: RAIDAH
RAIDLevel: RAIDA
Label: Volumel
descr: Intel RAIDB volume




BIOS-assisted RAID in GEOM

onsumers:
1. Name: ada#
Mediasize: 68822488896 (5506)
Sectorsize: 512
Mode: rluwlel
ReadErrors: @
Subdisks: r@(VolumeB):00@8, r1(Volumel) 0032214614616
State: ACTIVE (ACTIVE, ACTIVE)
. Name: adal
Mediasize: 68822488896 (5506)
Sectorsize: 512
Mode: rluwlel
ReadErrors: @
Subdisks: r@(VolumeB):1@8, r1(Volumel):1@32214614616
State: ACTIVE (ACTIVE, ACTIVE)

it graid status
Name  Status Components
aid/r@ OPTIMAL ada® (ACTIVE (RACTIVE, ACTIVE))
adal (ACTIVE (ACTIVE, ACTIVE))
aid/r1 OPTIMAL ada® (ACTIVE (RACTIVE, ACTIVE))
adal (ACTIVE (ACTIVE, ACTIVE))




Is GEOM fast?

Test setup:
* 4 LS| 6Gbps SAS HBAs
* 16 6Gbps SATA SSDs
* Platform 1:
* |ntel Core i7-3930K, 6x2 cores @ 3.2GHz
« ASUS P9X79 WS
* Platform 2:
o 2X Intel Xeon E5645, 2x6x2 cores @ 2.4GHz
e Supermicro X8DTU

Test: Total number of IOPS from many instances of
"dd if=/dev/daX of=/dev/null bs=512



Platform 1: Core 17-3930K 3.2GHz
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Platform 2: 2xXeon E5645 2.4GHz
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Can GEOM be made faster? Yes!

last pid: 1968; load averages: d4.69, 2.88, 6.92 up B+0B:67:19 B8:43:49
929 processes: 31 running, 848 sleeping, 58 waiting

CPU: 1.4% user, B8.8% nice, 13.8% system, 5.5% interrupt, 79.3% idle

Mem: 162M Active, 54M Inact, 578M Wired, 6BK Cache, 35M Buf, 34G Free

ARC: 443K Total, 4K MFU, 356K MRU, 16K Anon, 18K Header, 57K Other

USERNAME PRI NICE  SIZE RES STHIE TIME WCPU COMMAND
root -8 - BK 48K CPUY :59 180.88% geom{g_down}
root -8 BK 48K CPU8 11 72.87% geom{g_up}
root -b8 BK 968K CPUA @7 5b6.88% intr{swiZ: cam
root -88 BK 960K WAIT 18 16.89% intr{irg276:
root -88 BK 968K WARIT 37 16.88% intr{irg2i4.
root -88 BK 966K CPU13 18 16.26% intr{irg2is:
root -88 BK 968K WAIT 03 12.70% intr{irg2?7?;
root 20 12196K 1952K physrd B8 B.49% dd
root 20 12196K 1952K physrd Al 407 /dd
root o0 12196K  1952K physrd z dd
root 20 12196K 1952K physrd oo onao4 dd
root 20 12196K 1952K physrd B8 0.49% dd
root 20 12196K 1952K physrd 88 B.49% dd
root 20 12196K 1952K physrd 88 B.49% dd
root 20 12196K 1952K physrd B8 0.49% dd
4
4
4

LI O =

root 20 12196K 1952K physrd 244 .49% dd
12196K 1952K physrd
12196K 1952K physrd

root 20
root 2

%% .39% dd
: B0 .39% dd

el o e B aow I e I e Y 60w Y o I 0w Y 0w Y 6 B

O™ ®™C



Can GEOM be made faster? Yes!

Bottlenecks:

» 5 threads and up to 10 swiches per request:
dd, g down, HBA HWI, CAM SWI, g up

« GEOM threads are capped at 100% CPU

» Congested per-HBA locks in CAM

Solutions:

* Direct dispatch in GEOM

* Improved CAM locking

* More completion threads or direct dispatch in CAM



Direct dispatch in GEOM

Requirements:

 Caller should not hold any locks

e Caller should be reenterable

» Callee should not depend on g up /g _down
threads semantics

e Kernel thread stack should not overflow

Implementation:

* Per-consumer/-provider flags to declare caller and
callee capabilities

» Kernel thread stack usage estimation



Direct dispatch in GEOM

g_access()

g_event

d_open()/d PR~
Application biogdone o -io—delive hiodone g\ Disk

d_strategy()

d_strategy()




Improved CAM locking

Before:

* Per-SIM locks protect everything for one SIM
(HBA) from periph drivers state to HBA hardware
access

After:

* Per-SIM locks protect only HBA, keeping KPI/KBI
* Queue locks protect CCB queues and serialise
SIM calls to reduce SIM locks congestions

* Per-bus locks protect reference counting

» Per-target locks protect list of LUNs

* Per-LUN locks protect device and periph



Improved CAM locking

Periph Periph

Periph Periph

Device Device
Target Target
Bus
Queue Done queue

SIM

B

B

Periph

Periph

Periph

Periph

Device

Device

Target

Target

Bus

Queue

Done queue

SIM




Platform 1: Core 17-3930K 3.2GHz
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Platform 2: 2xXeon E5645 2.4GHz
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Can we do even more? Possibly!

last pid: 1498; 1load averages: 24.51, 13.83, 5.b6b6
946 processes: 49 running, 824 sleeping, 73 waiting
4.2% user, B.8% nice, b3.8% system, b6.7%% interrupt, 25.3% idle
: 156M Active, 37M Inact, 575M Wired, 2116K Cache, 31M Buf, 346G Free
ARC: 443K Total, 4K MFU, 356K MRU, 16K Anon, 18K Header, 57K Other

USERNAME PRI NICE SlIZE RES STATE TIME coMMaMD

root —-16 — BK 128K CPUH : 4] cam{doneqgd4}
root —16 BK 128K CPU4 » 44 : cam{donegb}
root —16 BK 128K CPU15 31 . cam{doneg5}
root —16 BK » 30 : cam{doneqgd}
root —16 BK Bottlenecks 25 : cam{doneqg3}
root —-16 BK 128K RUN 28 : cam{doneql }
root —16 BK 128K CPUZ21 23 : cam{doneg?}
root —88 Qi1 1 24k D11 12 : intr{irg274:

root —88 Context switches %N : intr{irg277.:

root —88 %) . intr{irg275s:
root -88 BK  1184dK WRIT : 58 , intr{irg276:
12196K 1952K CPU18

root 249 o dd
root 23 12196K 1952K RUN 13 dd
root 23 12196K 1952K physrd 11 dd
root 23 12196K 1952K physrd 11 dd
root 23 12196K 1952K physrd 11 dd
root 23 12196K 1952K physrd 11 dd
root 27 12196K 1952K physrd 11 dd
root 27 12196K 1952K physrd 18 dd
root 23 12196K 1952K physrd 11 dd
root 23 12196K 1952K CPU17 11 dd
root 27 12196K 1952K physrd 11 dd
root 27 12196K 1952K physrd 11 dd
12196K 1952K physrd

root 23 11 dd
root 23 12196K 1952K phusrd : 11 dd

R, FRPFRPENMNNMNRN

IO ® |
g



Multiple queues/IRQs support

ahcib@pcib:B:31:2: class=BxB184B8 card=vxbBbBB15d9 chip=bBx2822888b rev

vendor
device
class
subclass
cap ¥ol8y]
cap 811781
cap 120ad]
cap 13[b81

mpskb@pciB:5:0:0:
vendor
device
class
subclass
cap 811581
cap 181681

cap ¥31dd]
cap ¥5las]
cap 110c8]

"Intel Corporation’
82881 SATA Controller [RAID model’
mass storage
RAID
MoI supports 16 messages enabled with 1b messages
powerspec 3 supports DB D3 current DY
OATA Index-Data Pair
PCI Advanced Features: FLR TP
class=BxB18700 card=¥x38281080 chip=BxBB8718808 rev
'LSI Logic / Symbios Logic’
'SAS2308 PCI-Express Fusion-MPT SAS-2°
mass storage
SAS
powerspec 3 supports DB D1 D2 D3 current DB
PCI-Express 2 endpoint max data 256(4096) FLR link x8(x8)
speed 5.8(8.8) ASPM disabled(LBs)
VPD
MSI supports 1 message, b4 bit
MSI-X supports 16 messages, enabled
Table 1n map Bx14[BxebbB]l, PBA in map Bx14[6BxfBb0 ]



Work In Progress

« Commit the CAM and GEOM changes.
 Add multiple queues support to HBA drivers.

* File systems, schedulers and other places outside
block storage also need work to keep up. Join!

Questions?
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