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v SCEI ( )
m SCEI
W http://cell.scei.co.jp/

v Cell ( )
m 2006 10 cell user’s group
W http://www.cellusersgroup.com/
v IBM Cell Resource Center ( )
B IBM Cell Linux, Cell SDK, Cell Blade
W http://www-128.ibm.com/developerworks/power/cell/

v IBM Cell ( )

u IBM Cell

B http://www-128.ibm.com/developerworks/forums/dw_forum.jsp?forum=739&cat=46
v Fixstars Cell Wiki ( )

|

W http://cell.fixstars.com/
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w.¥Cell

=> Cell (2006 10 )
v IBM Intel PC
v’ http://www.ibm.com/developerworks/power/cell/
> Cell (2006 10 )
= IBM Cell Blade (2006 10 )
v
= Sony PLAYSTATION 3
v 2006 11 11

Cell

\

PLAYSTATION 3
v IBM Cell
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iwCell Linux ?

= Cell SDK / Linux on Cell
v IBM, BSC (Barcelona Supercomputing Center) Cell Linux (2.6.16 ),

3

v http://www.alphaworks.ibm.com/tech/cellsw

v http://www.bsc.es/projects/deepcomputing/linuxoncell/
= Cell Linux

v Cell

v’ http://lwww.kernel.org/

v http://[patchwork.ozlabs.org/linuxppc/
= PS3 Linux

v Terra Soft PS3 Linux “Yellow Dog Linux” 11

v http://www.terrasoftsolutions.com/products/ydl/

Cell Linux
v" Cell SDK / Linux on Cell + IBM
v Cell Cell Blade Linux
v PS3 Yellow Dog Linux
> Cell Linux

Copyright © Fixstars corporation. Al rights reserved
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>
v Cell + Linux
v IBM, SCEI, BSC Cell SDK 1.1
B GNU toolchain 3.2 (gcc 4.0.2 )
M Linux 2.6.16 + Cell Patches
B SPE Management Library (libspe-1.1.0)
B Full System Simulator (Cell )
v

W http://www.bsc.es/projects/deepcomputing/linuxoncell/
- “Cell BE SDKs” - "SDK 1.1" rpm
H X86, x86-64, Powerpc64, IBM Cell blade server
(x86, x86-64, ppc64 simulator )
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vCell
=9
v STI (Sony/SCEI, Toshiba, IBM)
v Cell
[ |
[ | 1
200GFlops ( . 3.2GHz)
. 25.6GB/s (XDR RAM)
. 110 76.8GB/s (FlexIO®)
2>2
4 Cell
m1l ...PPE (PowerPC Processor Element)
[ ] ...SPE (Synergistic Processor Element)
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yCell

=>»Cell Broadband Engine Architecture
128bit SIMD
64bit PPC . )
* VMX SIMD
:SPE o m) 7/
o SPE
™ 7 MFC ([LS_|sPu
L2 "3"
L1 = Cache I SPE
XDR I/F - = SPE SPU JEeKE
2Channel % (LS)
S SPE .
XDR | _[miC N :
RAM 8, I
—1/O Controller Z % SPE |
2 LIsPE |
2Channel
y - — SPE |
"y PPE (Highlights)
= PPE
v PowerPC
v PPC, PPC64 rpm
n (PPC 970 )
E2 (PPC970 5 )
® VMX SIMD (AltiVec)
v SPE
H SPE
m SPE
— SIMD 2
v (O

PPE

Page.19
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wy SPE (Highlights)

= SPE
v C/C++
v/ 128-bit SIMD
] (128  )128
® SIMD 4
| |
v “SPU Intrinsic” C
= SIMD C
4 2
v DMA
= DMA 128

| ]
n (PPE )
| |
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wPPE SPE

= MFC SPU

v DMA PPE
B SPELS ( ) SPU SPU

u LS SPE

v .
® PPE-SPE  32bit :gﬁg

B PPE - SPE (inbound) 4

B SPE - PPE (outbound) 1 + 1
v

m PPE  SPE (32bit )
L] SPE - SPE

= MFC
v PPE MMIO
v SPE Via MFC Channels

PPE \{aMMIO regs SPE

PPU_ [—— Tmresd LS |sPU

Direct access
[Ls]Ls]

Mapped LS / Registe

(LS |sPu

[
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vPPE SPE

> PowerPC
v" PowerPC Linux, PowerPC
v OS PPE PPE
2 PPE SPE
1. SPU SPE
2. DMA SPE LS
3. LS ( )
4. SPU NPC Next
5. SPU SPU
6. SPU
3. NPC
PPE SPU R SPE
PPU 4 SPU |l ACC LS SPU
2. SPE
LS
0. PPE
’ v\ PPE
Copyright © Fixstars corporation. All rights reserved. Page.22
¥SPE PPE
= SPE = SPE
PPE Cell SDK libspel.1 PPE
v SPE
main()
#include <libspe.h>
open_spe_elf (&spe_elf, “SPE 0 SPE ELF
load_elf_to_Is(spe_elf, &npc); main()
start_spu(&spu, npc, ); { mmap
spe_program_handle_t *p;
while (1) { speid_t spe;
if (stopped(spu, &stop_code)) { int status;
I p =spe_open_image(*SPE ");
*/ spe = spe_create_thread(0, &p, , NULL,
if (stop_code = -1, 0);
stopped_by_stop)
I */ /* SPE PPE
break;
} spe_wait(spe, &status, 0);
/* SPE PPE g/l spe_close_image(p);
} 1
cleanup_spu(spu); SPE
} DMA
C printf(

“hello, world”);

Copyright © Fixstars corporation. All rights reserved.
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¥ SPE
> SPE PPE
main thread
v PPE
create
v (SPE ) thread
[ ] SPE
]
- join I spg
v join
-> SPE
m SPE DMA
u SIMD 128
m SPE PPE
[ ] SPE SPE
m SPE SIMD
u DMA SPE
u Loop Unrolling Odd/Even
Copyright © Fixstars corporation. All rights reserved. Page_24
¥Cell
>2 Cell
v
u .. PPE PPE
= .- SPE (PPE SPE
v )
u SIMD
= Cell
v PPE-Centric Model
m PPE
] SPE
v SPE-Centric Model
u SPE
||
u (Ex. SPURS)
Copyright © Fixstars corporation. All rights reserved. Page.25
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D

>Cell SDK 1.1 ( )

#include <libspe.h>

;nain() v Cell SDK libspel.1l
spe_program_handle_t *p; SPE SPE Thread

speid_t spe;

int status;

p =spe_open_image(* SPE ");

spe = spe_create_thread(0, &p, , NULL, v
-1, 0);

/* SPE PPE *

spe_wait(spe, &status, 0);
spe_close_image(p);

SpefspefSpelspelsPelSre

Copyright © Fixstars corporation. All rights reserved. Page.27
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w¥Libspe 1.1

>

v http://www.bsc.es/projects/deepcomputing/linuxoncell/
H Cell BE Components - libSPE

n 3,000
|
> 4
v spe_create_thread
B ELF SPE SPE SPE
spe_create_thread
libspel.l

¥Libspe 1.1 SPE
= SPE pthread pthread
spufs SPE
= spe_wait spe_Kill API pthread pthread_join
pthread_cancel
spe_create_thread SPE @
?.'?..E....@
Spe_wait//g*'%%; _______________________
spe_Kkill el _.
" pthread-, SPE i
Linux - Spufs
Page.29
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yLibspe 1.1 SPE

(1)

=>spe_create_thread

speid_t Cell spe_create
spe_create_thread(spe_program_handle_t *handle, void SPE spufs
*argp, void *envp)
o .
struct thread_store *thread; spe_create
thread = calloc(1, sizeof(*thread)); SPE
rc = spe_create (“/spu/spethread- ID");
thread->fd_run =rc;
memfd = open(“/spu/spethread- ID/mem”); i Spufs _ mem
void *spe_Is_mem = mmap(0, LS_SIZE, memfd); SPE =Ls
load_spe_elf(handle, spe_Is_mem); ELF ELF
memcpy
spe_open_files(thread,“/spu/spethread- ID");
pthread_create(&thread->spe_thread, NULL, SPE spufs
spe_thread, thread);
thread
. return thread,; SPE
pthread 1
Copyright © Fixstars corporation. All rights reserved. Page.30
Nl
yLibspe 1.1 SPE (2)
= SPE pthread
Void *spe_thread(struct thread_store *thread) Cell spe_run
{ ; ; SPE SPU
unsigned int npc, stop_code, status;
do{ spe_run SPE
int ret = spe_run (runfd, &npc, &status); "stop_code”
stop_code =ret >> 16;
if ((stop_code && 0xff00) == 0x2100) {
int callnum = code & Oxff;
handler = handlers[callnum]; Cell SDK stop_code 0x21xx
rc = handler(thread->mem_mmap, npc); PPU SPU-
npc += 4; syscall
} else if (code < 0x2000) { NPC
I* *
{Jﬁzzzfj;:\?:ri_w::é%hrfalq—>event_deliver); Cell SDK1.1  printf, fopen, fread
S C99/POSIX
} while (stop_code != spe_really_stopped); (SPE__libc stop
return stop_code; stop_code SPU
}
!
spe_wait  pthread_join ‘
Copyright © Fixstars corporation. All rights reserved. Page.31
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¥Libspe 1.1 SPE

-
v API
v SPE libc
v pthread SPE

PS3 API ‘ P
libspe2 (2006/11/11) libspe2?

>

v SPE (3.2GHz msec)
M spe_create_thread
[ | pthread 1

v API
] API

H SPE
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iwCell Linux

=> Spufs

v http://www-128.ibm.com/developerworks/power/library/pa-cell/

=»Cell Linux

v http://www.bsc.es/projects/deepcomputing/linuxoncell/
H Cell BE Components — Linux Kernel
M Linux 2.6.16 97

m Kernel.org Linux-2.6.16 BSC
apply_patches.sh quilt
— Linux 2.6.16 ftp://ftp.kernel.org/pub/linux/kernel/v2.6/linux-2.6.16.tar.bz2

v Linux-2.6.18, Linux-2.6.19-rc2

= Cell

v arch/powerpc/platforms/cell
v include/asm-powerpc/spu*.h

Copyright © Fixstars corporation. All rights reserved. Page.34

rSpufs Libspe 1.1 SPE

= Libspe spufs usage
v Spu l 1
v Spu
v Spu spe_create
v Spu spe_run

= SPU1

v SPE SPU SPE

- Spufs

Copyright © Fixstars corporation. All rights reserved. Page.35
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¥Spufs

SPE

> SPU
v

v SPU

spu_context
SPU
bound

SPU spu_context

spu_context

SPU
SPU CSA

SPU context ops
LS
MFC
spu_context’ ops Mbox

npc_read, write
get_lIs
status_read

SPU

mbox_read, write
signal_read, write

SPE

SPE
SPU
SPU CSA

L1 SPUope

SPE
SPU SPU —
SPU CSA SPU CSA
SPU ops

I
SPU

.
g

SPU CSA

SPU ops

* CSA...Context Save Area

Copyright © Fixstars corporation. Al rights reserved

Page.36

. Spe_create

>

. SYS_Spu_create

SPE

Sys_spu_create

asmlinkage long sys_spu_create(const char *pathname,
unsigned int flags, mode_t mode)

{

¥Spufs
spe_create
v spe_create_thread
context
spufs 1spu
inode

SPU

spu_context

spufs

}

%

(“mem”, “regs”, “mbox”, “mbox_stat”,
“signal”, “mfc”, etc...)

structu nameidata nd;
path_lookup(pathname, &nd);
struct dentry *dentry = lookup_create(nd, 1);

struct inode *inode = spufs_new_inode(dentry);

struct spu_context *ctx = alloc_spu_context();
inode->i_ctx = ctx;

while ((name = spufs_dir_contents[i++]) != NULL) {
spufs_new_file(dentry, name, ops, mode);

}

spufs_context_open(dget(dentry));

SPU

Copyright © Fixstars corporation. All rights reserved.
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¥Spufs . spe_run

-> sSpe_create . SyS_Spu_run
v SPE LS SPU
v arch/powerpc/platforms/cell/spufs/run.c spufs_run_spu

=>spufs_run_spu

long spufs_run_spu(struct spu_context *ctx, u32 *npc)

SPU
down_write(&ctx->state_sema);
spu_activate(ctx, 0);
ctx->state = SPU_STATE_RUNNABLE; NPC RUNNABLE
downgrade_write(&ctx->state_sema); context p

ops

ctx->ops->npc_write(ctx, *npc);
ctx->ops->npc_writecntl(ctx, SPU_RUNNABLE);

do SPU stopped wait
© schedule
spufs_wait(ctx->stop_wq, spu_stopped(ctx, &code)); )
if (code indicates syscalll) { SPU (PPE
spu_process_callback(ctx); )
} while (!(code indicates SPU is really stopped)); wait lib
ibspe
spu_yield(ctx); SPU pthread
} yield

Copyright © Fixstars corporation. All rights reserved. Page.38

YSPE (1)

> spu_yield()
v arch/powerpc/platforms/cell/spufs/sched.c
v

void spu_yield(struct spu_context *ctx)

struct spu *spu; yield
int need_yield = 0;
if (down_write_trylock(&ctx->state_sema)) {
if ((spu = ctx->spu) '= NULL) {
int best = sched_find_first_bit(spu_prio->bitmap);
if (best < MAX_PRIO) { SPU

spu_deactivate(ctx); spu_activate
ctx->state = SPU_STATE_SAVED;

need_yield = 1;
}else {

spu->prio = MAX_PRIO;
}

}

up_write(&ctx->state_sema);

}
if (unlikely(need_yield)) vyield();
}

Copyright © Fixstars corporation. All rights reserved. Page.39
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~SPE )

> spu_activate() spu_deactivate()
SPU context SPU /

=»spu_activate (spufs/sched.c)
v'spu_get() SPU
v bind_context() SPU
B ctx->ops  backing_ops hw_ops
W spu_restore() SPU LS context CSA

=>spu_deactivate (spufs/sched.c)
v unbind_context() SPU

M spu_save() SPU LS context CSA
M ctx->ops hw_ops backing_ops
= SPU spu_save(),

spu_restore()

Copyright © Fixstars corporation. Al rights reserved Page.40

wSPE
= SPU
v 256KB LS PlPE SPE
v 128 128-bit (GPRs)
v Special Purpose Registers (SPRs) SPE
v I
v MFC
v SPE PPE
v" MFC Synergistic (SMM) TLB
v
>
v GPRS, SPRS, PPE GPRs
4 SPE
~ PPE SPE / LS
>
v" CSA: Context Save Area
PPE
v" LSCSA: Local Store Context Save Area
SPU LS

CSA

Copyright © Fixstars corporation. All rights reserved. Page.41
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¥Spufs SPE
PPE SPE
=»spu_save l
v spu_restore SPE
- PS efecccccccccd
MFC
LS SPU
LSCSA, | .- LSCSA l
1 MFC
LS Priv
SPU save PS mbox
Ao MFC TLB
PS == CSA
Priv Priv
e A box LS 16KB
SLB | IsLB CSA ..
S s | "™ epPrs Lscsa
16KB
SPU save SPU SPE CSA
LSCSA
*PS ...Problem State ( )
* Priv ...Privileged State (
*SLB ...Segment Lookaside Buffer II:ECSAMggE\
Copyright © Fixstars corporation. All rights reserved. Page.42
¥SPE
=2 PPE SPE
v SPE PPE DMA
v
=2LS
v PPE Preemptive Context Switch
v
[ | spufs stop
v
B Mbox well known

Copyright © Fixstars corporation. All rights reserved.
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yLibspe spufs Tips

= Libspe 1.1
v SPE
v spufs 1
v SPE C99/POSIX
v Cell
= Spufs
4 SPU
v SPU
> Tips
v' SPE
v SPE PPE
B PPE SPE
m PPE pthread
v spufs
® SPE

Copyright © Fixstars corporation. Al rights reserved Page.44
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v 2: CESOF
v 3: SPE

SPE
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v SPE

PPE

1000

LS

LS

SPE

DMA

Copyright © Fixstars corporation. Al rights reserved
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vSPE

> SPE

readelf

runtime
DMA

LS

SPE
App-Task

LI

runtime

0x00

Copyright © Fixstars corporation. All rights reserved.
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o
= SPE
v
v SPE
SPE
v
SPE
kernel
SPE
kernel
[ s] =
e
SPE
kernel
(emel
i
Copyright © Fixstars corporation. All rights reserved. Page.50
oy :CESOF
= PPE SPE
v PPE SPE
v Segmentation Fault
v
21 -
v' CESOF (Cell Embedded SPU Object Format)
v SPE Cell SDK embedspu
PPE
> embedspu libspe
v SPE PPE
v PPE “ EAR” prefix
(EAR: Effective Address Reference)
m Ex. PPE : void *foo;
B Ex SPE : extern unsigned long long _EAR_foo;

Copyright © Fixstars corporation. All rights reserved. Page.51
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iwEmbedspu

= embedspu
1. SPE

spe_program_handle_t
2. SPU

| “.rodata.speelf” “.data.spetoe”

- Spe_open_image

.S
B “rodata.speelf” .inchin
.S
3. SPU readelf “ EAR_”
“.data.spetoe” PPE
S
2 SPE  EAR
-~SPE  PPE
4. 1,2,3
D 3: SPE
= SPE
PPE
> -
v Cell SDK elfspe elfspe-register
spe

v elfspe spe
v elfspe-register

elfspe

#!1/bin/sh echo

PPE
SPE ELF

"spe:M: ¥x7fEL F¥x01¥x02¥x01¥x 00¥x 00¥x 00¥x 00¥x 00¥x 00¥x 00¥x 00¥x 00¥x
00¥x02¥x00¥x17::/usr/bin/elfspe:' ¥ >/proc/sys/fs/binfmt_misc/register

v

OK

Copyright © Fixstars corporation. All rights reserved.
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