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= Introduction

e Cmpware CMP-DK for the Cell BE

 Uses Cmpware's powerful multicore
modeling technology

* A simulation based software development
enviroment for the Cell BE

» Special Cell BE displays to aid in code
partitioning and optimization of

* Complements existing tools




L The Cmpware Approach

* Multicore simulaton

e Software development on simulator

* High level of execution control

* Run-time execution statistics

e Simpler (and often cheaper) than HW
* Powerful multicore IDE

* Easy access to all system data

» Specifically designed for multicore

> e




22 The Cell BE Simulation Model

e Cmpware Cell BE simulation model:

* 64-bit PowerPC core
 PowerPC FP extensions

* Eight SPU cores

e System level model (‘glue’)

* Supplies all IDE display data
* Built-in assemblers and disassemblers
* 4M+ operations per second
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&= |nstalling the Cmpware CMP-DK

* An Eclipse 'plugin’
* Approximately 1.5 MB (total)
* [nstalls from an Eclipse 'Update Site".

http://www.cmpware.com/cellbe/

 Up and running in seconds™

* Works with other existing Eclipse installations
* 'C' Development Toolkit (CDT) recommended

* requires license code from Cmpware




Installation: Step 1

'&' Applications Places Desktop “ E__‘i

flule & 3:45 PM

File Edit Refactor Source MNavigate

Java - Eclipse SDK
Search Project Run Window | Help

| -

..M'Jfﬁ' Q- %'J@&?@'JQ Q“J%@ﬁw%@ B welcome

(7 Help Contents

27 search
Dynamic Help

£ |8 Java

= B || 3= outline &2

An outline is not available,

=08

Key Assist... Shift+Ctrl+L
Tips and Tricks...
Cheat Sheets...
Software Updates » &7 Eind and Install...
g . :
About Eclipse SDK | %3 Manage Configuration
[Zl Problems g2 Javadoc‘ Declaration| ¥ & ¥ — 0O
0 errors, O warnings, 0 infos
| Description | Resource | In Folder Location

= |ava - Eclipse SDK

O # YD Do -




Installation: Step 2

& Applications Places Desktop o R flule & 3:46 PM

2] FY = instajupdate K3 —ox
File Edit Refactor Source MNavigl Feature Updates P )’—4’ |
J Cls By J - @ Q- J 122 | Choose the way you want to search for features to install I\_‘D‘—- £ |&java
[8 Package Explorer 32 ~_ "1 T O Outline &2 = B8
o D @ | 5 & Y (" Search for updates of the currently installed features Eulin = st eveiEEE,
iesltzziltezhis option if you want to search for updates of the features you already have

Search
for new
features

(% Search for new features to install§

Select this option if you want to install new features from existir
Some sites may already be available. You can add new update
search.

Einish ‘ Cancel ‘

—

= |ava - Eclipse SDK =l | e w T o o
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Installation: Step 3

& Applications Places Desktop o E R j'ﬂﬂ = 3:46 PM
= =| Install | = | —Ox
File Edit Refactor Source MNavigl ypdate sites to visit |
e
J e & J W O Q- J 122 | Select update sites to visit while looking for new features. 'D“_ £ |&java
e
[8 Package Explorer 32 ~_ "1 T O Outline &2 = B8
) Sites to include in search: A "
& e G | =R . outline is not available.
_lw]alPcs Mew Remote Site... ‘
_| %] cmpware CMP-DK New Local Site... |
_| %] Cmpware CMP-DK LM32 Demo
m _ Mew Archived Site...
il cmpware - New Update Site x

_| %] cmpware
P MName: ‘Cmpware CMP-DK (Cell BE)

:: ﬁ EC:ESEIZE LIRL: ‘ http:fiwww.crmpware.comjcellbe - C m pwa re
CellBE

< oK Cancel brt sites...

= rt sites...

M lgnore features not applicable to this environment ¥ X ¥ =0

= Back lext = Einish ‘ Cancel ‘

< |ava - Eclipse SDK CIES T #= D [ < 05 °F




Installation: Step 4

& Applications Places Desktop “E_‘i flule & 3:47 PM

S| > Install x | —Ox

File Edit Refactor Source MNavigl ypdate sites to visit |
L
J midl N J W O Q- J 122 | Select update sites to visit while looking for new features. a‘—- £ |&java
.
[8 Package Explorer 32 ~_ "1 T O Outline &2 = B8
& D G | = & Sites to include in search: A B g
_Isjalpcs Mew Remote Site... |

_| %] cmpware CMP-DK

Mew Local Site... |
B * Cmpware CMP-DK (Cell BE)

| 4] Cmpware CMP-DK LM32 Demo Oz apiied] iz |

_| %] cmpware Local Update
_l %] crmpware Test Edit... |

Select
plugins to
update

_| %] Eclipse.org update site

Remowve |
_ | %] Eclipse cDT for 3.1

Import sites... |

Export sites... |

M lgnore features not applicable to this environment ¥ X ¥ =0

= Back Mext = ¥ Einish Cancel
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Installation: Step 5

& Applications Places Desktop o E R j'ﬂﬂ = 3:47 PM
=| Java - Eclipse SDK | —oOx
File Edit Refactor Source ﬂ |
J Ci~ i J - O Q- J Search Results ,| [ |&5)ava
LW
2 Package Explorer &3 ! Select features to install from the search result list, D‘_‘ o= outline &2 =g
b 1

192

& e G | An outline is not available,

Select the features to install:

i crmpware CMP-DK (Cell BE)

i Deselect All
= [0 000 Other

Wore Info
7 Gt com.cmpware feature 3.0.3

Select
features to
install

Select Required

Broperties |

from Cmpware. Inc. for Felinse 3.7,
1 of 1 selected.

The Configurable Multiprocessor software development toolkit E Error Details..

W Show the latest wversion of a feature anly

[ Filter features included in other features on the list

MNext = Einish | Cancel
ot FTULUTETTT e Jd'll'dUUL.| L}t:l..ldldLlUlll % :{=:=> == E
0 errors, O warnings, 0 infos
Description Resource | In Folder | Location

= |ava - Eclipse SDK




Installation: Step 6

& Applications Places Desktop o __"_ﬂd lelEa = 3:48PM
=| Java - Eclipse SDK | — O x

File Edit Refactor S it e |
File Edi efactor Source Nr< install x
& B | 3w Q- - = |
J - L J % J Feature License 5‘ 5=
|k
2 Package Explorer &3 ! Some of the features have license agreements that you need to accept D‘_‘ b= outline &2 = 8
. before proceeding with the installation. = A tline i " ilabl
s @ | =R n outline is not available,

lﬁ END USER LICENSE AGREEMENT FOR CMPWARE, INC. ﬂ

Whereas, LICENSOR Cmpware, Inc. hereinafter referred t
develops proprietary computer programs and sells use |
for such proprietary computer programs together with ¢
frorm accompanying copyrighted material and document
whereas, End User desires to obtain the benefits thereo
in return for which, is willing to abide by the obligations
and fee agreements applicable to LICENSOR's use licens
proprietary computer programs.

MOW THEM, for good and valuable consideration, includir
not limited to license grant in accordance with this Agre

[+ e =] |

(¢ | accept the terms in the license agreement; Acce pt
(" 1 do not accept the terms in the license agreements . License

Agreement

-|

r .
= Back ‘ MNext = | Einish | Cancel |
ot FTULUTETTT e JdVdUUL.| L}t:l..ldldLlUlll % :{=:=> == E
0 errors, O warnings, 0 infos
Description | Resource | In Folder | Location

= |ava - Eclipse SDK




Installation: Step 7

'&' Applications Places Desktop “ E__‘i

J o & 3:48 PM

Java - Eclipse SDK

| — O x

File

Edit

Refactor Source

- Install

| -

& |- 0 Q-

J Installation

F Package Explorer &3 1

>

& @ &

the location where the feature will be installed.

192

The following features will be installed. You can select a feature and change

x

)
& =

Features to install:

Install Location fhomefeclipse Change Location ... |

Required space: Unknown
Free space: 153712304BKE

£ |8 Java

b= outline &2 =08 |

An outline is not available, |

O ... Select

Cmpware
Feature

MNext = ‘ Einish Cancel
ot FTUUIETTTS &-a Jd'll'dUUL.| L}t:l..ldldLlUlll % :{=:=> == E
0 errors, O warnings, 0 infos
Description Resource | In Folder | Location
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Installation: Step 8

& Applications Places Desktop 0 R B &= 3:49 PM
=| Java - Eclipse SDK =g

File Edit Refactor Source MNavigate Search Project Run Window Help

Ci- &l i | % 0 Q- | E H G- | 4 |t & @ £ |&)ava
[8 Package Explorer 82 5.1 T O = O/ 5= outline &2 = B8
e @B ER T An outline is not available,

Iy Warning: You are about to install an unsigned feature.
You may choose to install the feature or cancel its installation.

Feature Verification
e
S
'\_)

This feature has not been digitally signed.
The provider of this feature cannot be verified.

Feature name: com.cmpware.feature
Feature Identifier: com.cmpware.feature_3.0.3
Provider: Cmpware, Inc.

File Identifier: com.cmpware.feature 3.0.3

Perform
Installation

Install Install All

= |ava - Eclipse SDK




Installation: Step 9

'&' Applications Places Desktop o __"_ﬂd

J o & 3:49 PM

=| Java - Eclipse SDK | —oOx
File Edit Refactor Source MNavigate Search Project Run Window Help |
It~ @ | 0-Q | B HE G |® 5 |%w e o £ [8)ava
[8 Package Explorer 82 5.1 T O = O/ 5= outline &2 = B8
& e G | B s ¥ An outline is not available.
= Progress Information | %

Installing feature files: feature xml

= InstallfUpdate x

Would you like to restart now?

@ You will need to restart the workbench for the changes to take effect.

[Zl Problems g2 Javadoc‘ Declaration|

0 errors, O warnings, 0 infos

| Description | Resource | In Folder | Location

Restart
Eclipse
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Installation: Step 10
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= Java - Eclipse SDK —0OXx
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Installation: Step 11
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J o & 3:51PM

=| Java - Eclipse SDK | — O x
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Installation: Cmpware CMP-DK

& Applications Places Desktop . __'a

Cmpware - Eclipse S5DK

Search Project Run Window Help

flule & 352 PM

»

Y | e Crmpware

| -

File Edit Refactor MNavigate
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Memory| Disassemble | C Source code | Image View

Profile | a = B | & CMP Array &2

Cmpware CMP-DK
for the
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Installed!

by Status 3 Power Meter| MpMon‘

Welcome to the Cmpware CMP-DK wversion 3.0.3 (Cell BE).

SPU(0,0) selected.
Execution step (cycle = 1)
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= Application I: A Simple Program

 Compiled for both PPU and SPUs
* Tests compiler and Cmpware installation
* Uses IBM Cell tools for Windows / Cygwin

(http://cellbe-cygwin.cvs.sourceforge.net/cellbe-cygwin/cellbe-cygwin/)

/*

* A simple test program

** Copyright (c) 2007 Cmpware, Inc. All Rights Reserved.
* %
*/
int main (int argc, char *argv[]) {
int 1i;

float a = 1.0;

for (1=0; i<1000; i++)
a=a+ 1.0;

}  /* end main() */



http://cellbe-cygwin.cvs.sourceforge.net/cellbe-cygwin/cellbe-cygwin/

'&' Applications Places Desktop o __"_ﬂd

&= Application I: CDT Makefile

flule & 4:01PM

C/C++ - Makefile - Eclipse 5DK

File Edit Refactor MNavigate Search Project Run Window Help
fi-E a6 g a8 66 [$ 0-Q | ®F|v e o B £ (fReic++ &
f& C/C++ Projects 52 . ™1 = B[ Makefile =2 = 0 |[% gy... | R Cmpware
L =K -
TF I MEnUEOT oL RO [ ## This makefile produces a binary executable (ELF) file =
b [§ Mandelbrot SPE.asm ## for a PPE (PowerPC) executable and raw binary executables = CLA
- ## for the SPEs in the cell BE. EToc
b [5 Mandelbrot_SPU.asm e _
b [ Mbrmb_opt_spu.asm ## Copyright (c) 2007 Cmpware, Inc. All rights reserved. 1 .
opt2 “ - Eclipse
b [S Mbmb_opt2_spu.asm i p
b [ Mbmb_ppu.c CLASSPATH = C:/Users/Cmpware/Devel/com.cmpware.ilde/bin 3
- TOOLPATH = C:/cygwin/opt/cellsbin E CDT (C/C++)
b [SMbmb_spu.asm SPU = com.cmpware.cmp.models.SPU bl g . :
P[5 Simple.asm CFLAGS = -g -c P p
_ LDFLAGS = -g -e Ox0O000 -T Cmpware.Llnk bl erS eCtlve
b L& Simple.c PPE32 = -m32 Ll o
b % ClearMem.elf - [ppcEabe]
) all: simple mailbox mandelbrot mandelbrot_mb b Lo mandelbrot
b %5 Mailbox_ppu.elf - [ppc6dbe]
. b Lo mandelbrot_mb
b #Mandelbrot_PPU.elf - [ppc6: simple: .
F{TOOLPATH} /spu-gece ${CFLAGS} -o bing/Simple_spu.o Simple.c clean
b %5Mbmb_ppu.elf - [ppc6abe] ${TOOLPATH} /spu-1d ${LDFLAGS} -o Simple_spu.elf bin/Simple_spu
b #5Simple u.elf - [ppcEabe] F{TOOLPATHY /spu-objdump -xdW Simple spu.elf = bin/Simple sp. il
ple_pp pp pu-objdump ple_sp ple_ p\
. F{TOOLPATH} fppu-gce FLCFLAGSY -o binsSimple_ppu.o Simple.c
I elf - . - . ;
55 Simple_spu.elf - [nonebe] F{TOOLPATH} fppu-1d ${LDFLAGS} -o Simple_ppu.elf blnﬁSlmple_ppu\N .
|5 cmpware.Ink $1TOOLPATH} /ppu-objdump -xdw Simple_ppu.elf = bin/Simple_ppu.d Makeflle
= Mailbox_spu.bin nai Lbox :
_ F{TOOLPATH} fppu-gcec FLCFLAGSY -o bin/Mailbox_ppu.o Mailbox_ppu
= Mandelbrot SPU.bin F{TOOLPATH} fppu-Ld ${LDFLAGS} -o Mailbox_ppu.elf bin/Mailbox_p
] B ${TOOLPATH} /ppu-objdump -xdw Mailbox ppu.elf = bin/Mailbox ppu
|= Mbmb_opt2_spu.bin =]
— (o] I [+]

|Z Mbmb_opt_spu.bin
[4] p— ]

]

ﬂL Problems 2

Console | Properties

= C/CH++ - Makefile - Eclipse SDK

writable ‘ Smart Insert | 1:1




Application I: The Main Display

flule & 4:01PM

'&' Applications Places Desktop . __a.

Search Project Run Window Help
E | e Crmpware ™

Cmpware - Makefile - Eclipse SDK

File Edit Refactor MNavigate
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@ @ ¢\ ¥ =0

| -

™ vsariables x

profile| ”a = B|Load A”|Array i3

Cmpware
PPU 'Perspective’

SPUs

by Status 3 Power Meter| MpMon‘
Welcome to the Cmpware CMP-DK wversion 3.0.3 (Cell BE).

SPU(0,0) selected.
Execution step (cycle = 1)
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&= Application I: Loading SPU Code

& Applications Places Desktop o E_"_ﬂd j'ﬂﬂ = 4:02 PM
| —Ox

=| Cmpw>-

File Edit Refactor MNavigate Search Project = Load AII
e ae v m kel Processors

& variables 23 Profi|e|”d = B | by CMP Array 2 Memaor

E | e Crmpware ™

|Imageview| @ G == HE Y = O

- Load All Processors >
guccione j guccione | dermo | Mandelbrot
i - =
B pesktop | Name 5 | Modified ‘ =]
LFile system E
CiFloppy | [E) Mbmb_opt2_spu.bin Today
ElcD-ROM [l Mbmb_opt_spu.asm Today
| [E) Mbmb_opt_spu.bin Today
-/ @) Mbrmb_ppu.c Today
- [ Mbmb_ppu.elf Today
- [AMbmb_spu.asm Today
[&) Mbmb_spu.bin Today ‘
[ simple.asm Trd-
@ simple.c SPU
| |€] simple_ppu.elf
s Add L NSCEInER [ Simple_spu.elf executable
=8

SPU(0,0) selected.
Execution step (cycle = 1)
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= Cmpware - Makefile - Eclipse SDK




'&' Applications Places Desktop . __'a Load

File Edit Refactor MNavigate

cmp

Application |I: Loading PPU Code

flule & 4:02 PM
— MO x

Search Project F SeleCted

J Ci- 6

I Bl R =T Yo =YY Yo

»

Y | e Crmpware

age Wiew

® @ F i ¥ =0

i “ariables &2

. »
Prof||e| 4

=l = ([BEL) =y x Mermo,

b Casimple.c:

(PPU)

Selected
Processor

by Status 3 Power Meter| MpMon‘

File fhomefguccionefdemof/Mandelbrot/Simple_spu.elt loaded.
(thomejguccione/dermofMandelbrot/Simple_spu.elf loaded into all processors.

PowerPC(1,1) selected.
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&= Application I: Loading PPU Code

& Applications Places Desktop o E_"_ﬂd j'ﬂﬂ = 4:03PM
=| Cmpware - Makefile - Eclipse SDK | — O x

File Edit Refactor MNavigate Search Project Run Window Help |

Jfﬁ" %@JlﬁﬁQI*JE"'_IILJ%'JQ“J%&@'C@"J £ | @ Cmpware 7
i Variables &3 Profi|e|”d = B | & CMP Array 22 Memory| Disassemble‘c Source code|lmage View| @ & #H: Y0
b Casimple.c:
- Load Current Processor >
guccione j guccione | dermo | Mandelbrot
i - =
Bpesktop | Name e | Modified ‘ =]
LFile system E B
c Mbmb_opt2 spu.bin Toda
[=JFloppy . -OPResP Y
ElcD-ROM [FI Mbrmb_opt_spu.asm Today
| [E) Mbmb_opt_spu.bin Today
| [@ Mbmb_ppu.c Toda
: _Pp y

- [ Mbmb_ppu.elf

- [AMbmb_spu.asm

A Mbmb_szu.bin PPU
Executable

[ simple.asm

Simple.c

il B2 simple_ppu.elf
B simpl If

s Add am Femove || [@] Simple_spu.elf Today

M Cancel @QK =5

fhomefguccionefdemofMandelbrothimple_spJ.elf loaded into all processors.
PowerPC(1,1) selected.

[]

= Cmpware - Makefile - Eclipse SDK




Application I:

& Applications Places Desktop . __'a

File Edit Refactor MNavigate

Cmpware - Makefile - Eclipse SDK

Search Project Run Window Help

All Code Loaded

flule & 4:03PM

—0OXx

| -

BlaesomXx¥E |G || ee > | B

Y | e Crmpware

»

™ variables Praofile

b CMP Array 2% Memory| Disassemble ‘ C Source code | Image View

® @ i ¥ =0

~ [ Simple.c:
= < main()
a intargc =10
a char**argy = 0
& inti=0

a floata=0.0

Selected
Processor
(PPU)
Variables

b Status 32 Power Meter| MpMon‘

Status
Information

SPU(0,0) selected.

Execution step (cycle = 1)

File fhomefguccionefdemo/Mandelbrot/Simple_spu.elf loaded.
thomejguccione/demo/MandelbrotjSimple_spu.elf loaded into all processors,
PowerPC(1,1) selected.

File fhome/guccione/demof/Mandelbrot/Simple_ppu.elf loaded.
fhomejguccione/dermo/Mandelbrot/Simple_ppu.elf loaded into processor (1,1}
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Application |I: Executing Code

& Applications Places Desktop o__‘a flule & 4:04 PM
= Cmpware ClOCk — & X|

File Edit Refactor MNavigate Search Project Run .
Jfﬁ" i @Jlﬁ « o B X ¥ H n J% Slngle Step | e Cpware i

Profile | >4 = B || & cmp |Step |2 Memory|Di Jge View @ & #H: Y0

™ vsariables x

~ [ Simple.c:

= < main()
a intargc =10
a char**argy = 0
ainti=1

a floata=2.0

Updating
PPU
Variables

& Status 2 . Power Meter| MpMon‘ =B

) Status

o 9 Information

20)

21)
22) :‘

[*]

Execution step (cycle
Execution step (cycle
Execution step (cycle
Execution step (cycle
Execution step (cycle
Execution step (cycle
Execution step (cycle

[]

| = Cmpware - Makefile - Eclipse SDK WO w 507 °F
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Application |I: Memory View

& Applications Places Desktop “ __‘i j'ﬂﬂ O 4:04 PM

=| Cmpware - Makefile - Eclipse SDK | — O x

File Edit Refactor MNavigate Search Project Run Window Help |

Jfﬁ" @Jlﬁ & 9 B F E M ILJ%'JQ“J%%@*“ s - J E | e Crmpware »
W variables ¥ Profile| s T EW(CMP Array (b'v Memory &3 Disassemble‘c Source code | Image View = B8
= asimple.c: | £8 21 £f bl fb =1 00 48 Tc 3f Ob 78 Tc 60 1h 78 N H|?.x| .x E'

= & main() & instr. mi £8 9f 00 88 90 1f 00 80 c0 02 80 00 d0 1f 00 30 . oornnrrnnn... 0
. nstr. b 3% 00 00 00 90 1f 00 24 48 00 00 20 cl LE 00 30 B...... 4H.. ...O

a intargc =0 & Li ) _
Links c0 02 80 00 =c Od 00 2Za d0 1f 00 30 81 2f 00 34 ....... *...0.7.4
a char **argv = 38 09 00 01 90 1f 00 34 80 1f 00 24 2f 80 032 =7 8...... 4...4/...
ainti=1 'special Registers |10 99 £f de =9 61 00 00 <b b £f £8 7d 61 5b 78 I P talx
K P 9 4= 80 00 20 00 00 OO0 00 OO 0O 0O 00 80 01 00 O1 T

a float a = ) .

i Profile 3f 80 00 00 00 00 00 00 00 00 00 00 00 00 00 OO0 B
& variables 00 00 00 00 00 00 80 70 00 00 00 00 00 00 00 00  ....... Pevvvnnns
48 00 ol 02 20 7f £8 02 lc 18 00 Bl 35 00 0O 0O | 5...

000000a0: 0O OO0 00 OO OO0 OO 00 0O 0O OO0 00 00 00 00 00 0D .. ieiennnnens
QO0000EO: 0O 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 ...,
QO0000e=0: 0O 0O 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 ... ieeeie...
Qooooodo: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ...
QO0000e0: 0O QO OO OO OO0 OO0 00 00 OO0 0O OO0 00 00 00 00 00 ... ...
QoOoDoOO£O: OO OO OO OO OO0 OO0 00 0O DO 0O 00 00 00 DO DO 0D ... ......
QoOoO00100: 0O 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 00 ..o,

Selecting
Register
View

0oo0o00110: 00 00 00 OO0 00 00 00 00 00 00 OO0 00 00 00 00 00 ... ... ..eeeeao.. (il
[4] ]

& Status 2 . Power Meter| MpMon‘ =B
Execution step (cycle = 18) <]

Execution step (cycle = 17)
Execution step (cycle = 18)
Execution step (cycle = 19)
Execution step (cycle = 20)
Execution step (cycle = 21)

Execution step (cycle = 22) :1
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= Cmpware - Makefile - Eclipse SDK
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L Application I: Disassemble View

'&' Applications Places Desktop o E_"_ﬂd

flule & 4:05 PM

= Cmpware - Makefile - Eclipse SDK

O = YD D7

Cmpware - Makefile - Eclipse SDK
File Edit Refactor MNavigate Search Project Run Window Help |
Jfﬁ" i @Jﬂﬁe b l*?ﬂ‘i‘ﬂILJ%'JﬁnJ%@'CJ@"J £ | @ Cmpware 7
i Registers 3 it = B cmp Array|Memory ™ Disassemble x C Source code | Image View =1 = Eq
0 Ox0 0L 00f 00d ¥ | ooopooza: 901F0034  stw  r0, r3l, 52 | Display performance data
. -
| Name value Q0oo0o0ZE: 48000020 b B
; Q000002e:  clbf0030 1fs £13, r3l1, 48
' 0 r0.0 0 00000030: 0028000 1fs £0, vz, -32768
1 r0.1 1 00000034 :  ecOdOD2a fadds f0O, £13, f0
2 r.0 0 Q0oooo038:  dD01£f0030 stfs  £f0, r3l, 48
Q0000003e: 813f0034 lwz r9, r3l, b2
-l i 00000040: 38090001 addi 10, r9, 1
4 r2.0 0 00000044 901f0034 =tw r0O, r3l, b2
5 2.1 32880 0oooo048:  BOL1£f0034 lw= 0, r3l1, 52
0000004e: 2f8003e? cmpi 7, x0, 999
6 r3.0 0 00000050: 409dffde be 4, 29, -9
7 or3l 0 0ooooo054:  =9610000 1d rl1l1, rl, O _
8 r4.0 o 00000058: ebebfff8 1d r31, rll, -8
0000005e:  T7dA15LT7E or rll, rl, rll .
g rald 0 00000060: 42800020 belr 20, 0, 8 Dlsassel | |b|e
10 r3.0 0 00000064 00000000 .
11 5.1 \0 lolooooosez 00000000 V|eW =]
4
12 r5.0 \ ]
12 r&6.1 e Stobyg B Power Meter|MpMon‘ (PPU SeleCted)
14 r7.0 R I t tep (cycle = 17)
eg IS er tep (cycle = 18)
15 r7.1 . tep (cycle = 19)
16 r8.0 VleW tep (cycle = 20)
tep (cycle = 21)
17 re.l step (cycle = 22)
18 ro.0 = 23) :‘
19 rg.1 - =




IeWw

flule & 4:05 PM

& Application I: Source Code Vi

'&' Applications Places Desktop o E_"_ﬂd

= Cmpware - Makefile - Eclipse SDK

O = YD D7

Cmpware - Makefile - Eclipse SDK
File Edit Refactor MNavigate Search Project Run Window Help |
ik N INRNEE -+ L | Q| & % & - Crpware
=i 2 e om XM N Q|9 > | £ | wC &
i Registers 3 it = B cmp Array| Memory‘ Disassemble (5 C Source code &4 Image View ¥ =08
0 0x0 OL 00f 00d ¥ =
r[h:| Name | value ** 2 simple test program
0 ro.0 0 o
1 o1 1 Y Copyright (c) 2007 Cmpwares, Inc. 211 Rights Ressrved.
2 rl.o 0 *
3 rl.l1 f7fan *
4 r2.0 0
int mainiint argc, char *argv[]) | Source COde
5 r2.l 8070 . .
int 1; .
6 r3.0 0 float a = 1.0; ! V|eW
7 or3l ] -
for (i=0; i<1000; i++) PPU S I t d
o rao 0 - ( electe
a=a+ 1.0;
9 r4.1 0
10 5.0 0 1 Y oend main() *
11 r=.1 0 [~
[ [+]
12 r5.0 ]
13 r6.1 0 SN ™ Power Meter X MpMon =B
14 r7.0 0 7 Run Cycle: | Idle Cycles Util (24) Run (rrw) Idle (mW) | Node Power (r Total Power (mw) |
= Utilization /
17 I
- Power Meter
=]




&= Application I: Moving Windows

€ Applications Places Desktop ‘ ._1

Cmpware - Makefile - Eclipse SDK

File Edit Refactor MNavigate Search Project Run Window Help |
Jfﬁ" @Jﬂ@‘)l*Jjj"_IILJ%'JQHJ%&%" w@’J £ | @ Cmpware 7

= B8 Image View ¥ =08

M’s Memory| Disassemble (5 C Source code 22

@ 9 #H T
[ %

** 2 simple test program
* & \

Inc.

wyright (o)

2007 Cmpware,

211 Rights Reserved.

Profile

*
‘ ‘ ‘ int mainiint argc, char *argv[]) | ‘ :OntrOI
int i;
float a = 1.0;
- for(i=0; i<1000; i++)
a=a+ 1.0;
1 M+ end maini) */
'D d' -
ragge . 5

Array View

Run Cycles| Idle Cycles Run (rmw) Idle (mW) | Node Power (r Total Power (riw)
P[0O,1] 23 0 100 100.0 10.0 100.0
P[0D.2] 23 0 100 100.0 10.0 100.0
P[1.0] 23 0 100 100.0 10.0 100.0
0

=]

= Cmpware - Makefile - Eclipse SDK

O = YD D7




&= Application I: Source Profiling

& Applications Places Desktop ‘ R flEle & 4:08 PM

Cmpware - Makefile - Eclipse SDK —0Ox

File Edit Refactor MNavigate Search Project Run Window Help |

E | e Crmpware ™

M’s =0 Memory| Disassemble (l-; C Source code 2 - Image View = =08 |

® @ ¥ i v
aaa Lipm
*

mmE | PPU Profile

* Copyright (c) 2007 Cmpwares, Inc. 211 Rights Ressrved.

Bl - / Information
‘ ‘ ‘ e ] E

int 1;
float a = 1.0;

for(i=0; i<1000; i++)
» a=a+ 1.0;

1 * end maini() *

Profiling Color Code | = o
- 80_1 Oo% tatus | ¢ Power Meter 3 MpMon‘ =g

[n,m:| Run Cycle:| Idle Cycles‘ Util (24) Run (rrw) Idle (mW) | Node Power (r Total Power (riw)

- 60-80% P[0,0] 37 0 100 100.0 10.0 100.0 900.0
40 600/ P[0O,1] 37 0 100 100.0 10.0 100.0
= 0 P[0.2] 37 0 100 100.0 10.0 100.0
P[1.0] 37 n Tom AN 100.0

1 20-40%
0-20%

100.0

=]

L7\ . 37 Cycles

=file - Eclipse SDK Of ExeCUtlon En--# : w . 397 °F




&= Application I: Source Profiling

& Applications Places Desktop ‘ R flEle & 4:07 PM

Cmpware - Makefile - Eclipse SDK

File Edit Refactor MNavigate Search Project Run Window Help |

E | e Crmpware ™

i . n - -
M’s =0 Memory| Disassemble (l-; C Source code 2 - Image View = =08

T -
@‘ @‘ e LEE- =~ =
daa Lipm
*

** 2 simple test program
* &
& ' 201017

* Copyright (c) 2007 Cmpwares, Inc. 211 Rights Ressrved.

EBh B . PPU Inner
‘ ‘ ‘ int main(int arge, char *argv[]) | Loop

;T:ati; = 1.0; 'Hot Spot'

» for(i=0; 1<1000; i++) /
a=a+ 1.0;

1 * end maini() *

Profiling Color Code | = o
- 80_1 Oo% tatus | ¢ Power Meter 3 MpMon‘ = E‘I

[n,m:| Run Cycle:| Idle Cycles‘ Util (%}I| Run (rrw) Idle (mW) | Node Power (r Total Power (riw)
- 60-80% P[0,0] 64 0 100 100.0 10.0 100.0 900.0:|.
40 600/ P[0O,1] G4 0 100 100.0 10.0 100.0 '
= 0 P[0.2] G4 0 100 100.0 10.0 100.0
P[1.0] Gd n Tom AN 100.0

1 20-40%
0-20%

efile - Eclipse SDK

100.0

=]

O YD s o7 °F

L s S e 64 Cycles
of Execution




'&' Applications Places Desktop . __a

File Edit Refactor

Mavigate

Search Project

Cmpware - Makefile - Eclipse SDK

Bun Window Help

Application I: Assembly Profiling

flule & 4:08 PM
— MO x

| -

i CMP Array 23

}}E

=8

Memaory

@ Q #FH T

[t

- .

Profiling Color Code

I 80-100%
7 60-80%
40-60%
[ 20-40%
0-20%

Bluas oM XBE M| |[#ee o | @

E | e Crmpware ™

isassemble X

C Source code| Image View = ¥ =08 |

00000054 :
00000058 :
0000005ea:
Q0000060 :
00000064 :
00000068 :
0000006ea:

Q0000008
0000000e:
00000010
00000014:
QooQoo018:
0000001e:
00000020 :
00000024
00000028 :
0000002e:

Toc3fOb78 or

TochOlb78  or

f8Of00BE s=td
901£f008B0 stw
c0028000 1f=s
d01f0030 s=tfs
38000000  addi
901f0034 stw
48000020 L 8

clbf0030 1f=

9610000 1d

ehebfffs 1d
Tdhl5b7T8  or
4=800020 bclr

00000000
00000000

820010001 lw=

rl, r3l, rl

r3, x0, r3
rd, r3l, 136
ri, r3l, 128 -
Disassembly
fO, r3l, 48
r0, 10, 0 of PPU

ri, r3l, b2

Inner Loop
'Hot Spot'

f£12, r3l1, 48

rll, rl, 0O

ril, rll, -8
rll, rl, rll
20, 0, B8

r0, rl, 1 [=]

1]

[+]

tatus (‘.& Power Meter &2

Mphon

efile - Eclipse SDK




<= Application I: Assembly Profiling

& Applications Places Desktop 0 __“I_: B &= 4:08 PM
= Cmpware - Makefile - Eclipse SDK — 0O

File Edit Refactor

S . SPUO = [N~
Selected

SEETEN Corresponding

: 24008082 stgd r2, rl, 2 SPU Inner
. . 0000003e: 40800004 il x4, O
0O000040: 34000082 1gd r2, rl, 3 Loop

00000044 : 3ec00083 cwd r3, rl, O

00000048: bL0O408203 shufb 2, rd4, r2, r3 'H tS t'

0000004e: 2400c082 stgd =x2, rl, 3 O po
00000050: 32000700 br 14

' i 0000D054: 34008083 1gd r3, rl, 2

00000058: 411fc002 ilhu r2, 16256
0000005c: 5BBOB184 fa rd, r3, r2
00000060: 34008082 1gd 2, rl, 2
00000064: 3ecD0083 cwd r3, rl, D
00000068: b0408203 shufb r2, rd, r2, r3
0000006c: 24008082 stgd r2, rl, 2
00000070: 3400c082 1gd 2, rl, 3
00000074: 1c004104 ai 4, r2, 1
00000078: 3400c082 lgd r2, rl, 3

Profiling COIOr COde 0000007e: 3ecOD083 cwd 3, rl, O

Q0000080: bLO408B203 shufb r2, rd, r2, r3

- 80_100% D0000084: 24000082 stgd 12, rl, 3
D0000088: 34000082 lgd r2, rl, 3
60 80(y DO0000Be: 4081£383 il r3, 999
0 00000090: 48000102 cgt  r2, r2, r3
40 600/ 00000094: 207££802 brz =2, -16
= o) 0000098:  1c180081 ai  r1, rl, 96
0/ 4 3
] 20-40%
0 tatus | i Power Meter &2 . MpMon = B
0-20%

Run Window Help

Disassemble 3 C Source code|lmage View

k04082032 shufbh r2, rd, rd, r3

efile - Eclipse SDK




Application I: Moving Windows

& Applications Places Desktop 0 o) B &= 4:09 PM

... to

0-20%

efile - Eclipse SDK

s Compare —ox
File Edit Refactor MNavigate Search Project R Source disassembly
Ci~- @ | W (a9 B % B H N . I | & Crmpware
_ _ o , fil & . =
“ariables | Profile | Instr. Mix| Registers | CMP Array pro I e "= Merm Disassemble &2 Image Wiew = 8
|| loccof¥ze: 24008082 stgd r2, rl, 2 =
= 0000003e: 40800004 4il1 x4, O
. 00000040: 3400c082 1gd x2, rl, 3
b A simple test 00000044 : 3ec000B3 cowd r3, rl, O
ke b 00000048: b0O408203 shufh r2, rd, r2, r3
"+ Copyright () ! Cmpware, Inc. All Rights Reserved. 0000004e: 2400c082 stgd »2, rl, 3
ok 00000050: 32000700 br 14
e o 000000E54: 34008083 1gd x3, rl, 2
: 000000&88: 411fecD02 4dilhu r2, 16256
0000005=: b8BO8B1lB4 fa rd, r3, r2
inmt mainiint argc, char *arg’v[]j { 00000060 : 24008082 lqd rZ2, rl, 2
int i; 000000&4: 3ecO00083 owd x3, rl, 0O
float a = 000000&E8: bO408203 shufh r2, rd, r2, r3
0000006e: 24008082 stgd =r2, rl, 2
» fer(i=0; i<1000; 00000070 : 3400cO082 1gd 2, rl, 2
A =a+ 1.0: 00000074 : 1lcO04104 ai rd, r2, 1
00000078 : 3400c082 1gd r2, rl, 32
S AnAnODTe: 3ec00083 cwd r3, rl, 0O
PrOflllng ‘ Olor ( :Ode 80: b0408203 shufb 2, r4, r2, 3
84: 2400c082 stgd 2, rl, 3
- 80_1 OO% 000000DE8: 3400c082 1lqd r2, rl, 3
0000008Be: 4081£383 4il1 r3, 999
60 800/ 00000090 :  4800c102 egt  r2, r2, r3
0 ANANNN G4 - D7E£fB0Z2 brz rZ, -1h
40 600/ 80081 ai rl, rl, 94
- Y g 0000 bi 0 -
] 20-40% "
Status | & Power Meter 2 MpMaon




Application |I: Reset Perspective

& Applications Places Desktop . __a flEle & 4:09 PM

Cmpware - Makefile - Eclipse SDK —Ox
File Edit Refactor MNavigate Search Project Run | Window Help |
Jfﬁ" B J Ly ok b B K ¥ M N Jq Dew Window i E | e Crmpware ™

Mew Editor R t
‘u’ariables‘ Profile‘ Instr, Mix‘ Registers‘ CMP Array ) =) Memory | i eS Ore ‘ - v =7
Open Perspective > . s
coce Qriginal | g

B
=
Customize Perspective F[ 000358 A
e pespecive.. Wind :
) Sawve Perspective As... In OWS

Show Wiew

** & simple test program i 044:
Y Beset Perspective 0000048 : r2, r3
** Copyright (c) 2007 Cmpware, Inc. 211 Rig Close Perspective 0000004c: 2400c082 stqd r2, rl, 3
. Close All Perspectives 00000050: 32000700 br 14
n Mavigation 4
n
Preferences...

int main(int argec, char *argv[]) {

int ij;

float a = 1.0;

» for (1=0; i<1000; i++) ;|| [oooooo70: 3400c082 1qd 2, rl, 3

000000T74: 1cO04104 ai rd4, r2, 1
00000078: 3400c082 1gd r2, rl, 3
} /% end maini() */ 000000T7Te:  3ec000B3 cowd r3, rl, O

Qooo00E0: bO408202 shufkh r2, rd, r2, r3
00000084: 2400c0D82 stqgd r2, rl, 3

0ooooo0%s:  1lclB80081 ai rl, rl, 96

000000%e: 35000000 bi rO =
[ I (]
o (Status (H FPower Meter 2 MpMan = Eq

= Cmpware - Makefile - Eclipse SDK # w %397 °F

'_=




Application |I: Default Perspective

& Applications Places Desktop o__‘a flEle & 4:10 PM

Cmpware - Makefile - Eclipse SDK —Ox

File Edit Refactor MNavigate Search Project Run Window Help |

Jr‘j* @Jlﬁ@‘)I*Jjj"_lJ'LJ%'JQnJ’@&@”%@” s £ | @ Cmpware 7

Profile | >4 = 8 || & cmp |Step|zz Memory|Disassemb|e‘CSource code | Image View @ G, = ELb' ¥ =8

DD S|mp|e c

i Status 2 . Power Meter| MpMon‘ = B8

Execution step (cycle = 78)
Execution step (cycle = 79)
Execution step (cycle = 80)
Execution step (cycle = 81) -
[=] [*]

e

= Cmpware - Makefile - Eclipse SDK En--# b w 507 °F




L Application |I: Overview
* |[ntroduces the Cmpware CMP-DK
* | oading and execution of Cell BE code
* |nteractive graphical profiler
* Data displays (memory, registers, etc.)
* Code displays (source, disassembly)
* Changing views (moving, resizing)

* |nteracting with other Eclipse plugins (CDT)




&

|.  Introduction
Il. Installing the Cmpware CMP-DK
Ill.  Application |: A Simple Program

¢ V. Application Il: Shared Memory
V. Application lll: Mailboxes
VI. Optimization I: SPU Dependencies
VIl. Optimization |I: SPU Dual Issue
VIII. System Level Analysis
IX. Overview




<= Application Il: Shared Memory

* Application Il: the Mandelbrot Set
* All communication via shared memory

* Floating point intensive, highly parallel
* Demonstrates Cell BE architecture
* PPU controls SPUs

* All work done on SPUs
e SPUs coded in assembly




&= Application Il: Load SPU Code

'&' Applications Places Desktop o E_"_ﬂd

J fe & 4:11 PM

S| Cmpw>"- | —oOx
File Edit Refactor MNavigate Search Project = Load AII |
J Clis Lo | o J 3 & 4 B K ¥R - J ¥ J Processors I | w Cmpware 7
& ‘ariables 2 Profi|e|”d = E|| i CMP Array &2 Mermor |Image View| @ e #FH i ¥ —08
b Casimple.c:
- Load All Processors
guccione j guccione | dermo | Mandelbrot
T P
'Load All'
LJFile System E Mandelbrot_PPU.c
[IFloppy | [@ Mandelbrot_PPU.elf Wlth SPU
[=JcD-RoM |[) mandelbrot_SPE.asm .
[(I Mandelbrot_SPU.asm B I nary
- Mandelbrot_SPU.bin
] delb b
: Mbmb_opt2_spu.asm Toda
; bmb_opt2_sp day
[&) Mbmb_opt2_spu.bin Today
[(1 Mbrmb_opt_spu.asm Today
([l Mbmb_opt_spu.bin Today
‘| |@ Mbrmb_ppu.c Today
@ add @ Rermove - [ Mbmb_ppu.elf Today .
M Cancel Pox =8
CATLULTUTT LEP I.L-"IL-IE —_ L=
Execution step (cycle = 79)
Execution step (cycle = 80)
Execution step (cyvecle = 81) -
[=]

= Cmpware - Makefile - Eclipse SDK




&= Application Il: Load PPU Code

& Applications Places Desktop o E R j'ﬂﬂ = 4:11PM

‘F|i|e Edit Refactor Mavigate Search Project P =" Load SeleCted l_:lx|
| c3- RS - | # Processor
(PPU)

i variables 22 Profi|e|”d = B | & CMP Array 22 Mermc

-

E | e Crmpware ™

View| @ @ #i Y =0

Load Current Processor

guccione j guccione | dermo | Mandelbrot PPU
e - .
oo | rame - Executable
LFile system ;
‘| @ Mandelbrot_PPU.c
[IFloppy il 5 mandelbrot_PPU.elf
[=JcD-RoM |[) mandelbrot_SPE.asm Today
[(I Mandelbrot_SPU.asm Today
[€) Mmandelbrot_sPU .bin Today
[(I Mbmb_optz_spu.asm Today
[&) Mbmb_opt2_spu.bin Today
[(1 Mbrmb_opt_spu.asm Today
([l Mbmb_opt_spu.bin Today
‘| |@ Mbrmb_ppu.c Today
@ add @ Rermove - [ Mbmb_ppu.elf Today .
M Cancel @OK =5

PowerPC(1,1) selected.
PowerPC(1,1) selected.

[]

= Cmpware - Makefile - Eclipse SDK




= Application ll: Set Preferences

& Applications Places Desktop o _“I_f_.. B &= 4:12PM
= Cmpware - Makefile - Eclipse SDK — 0O

File Edit Refactor MNavigate Search Project Run | Window Help

(3 & & B K ¥ = quewwindow E | e Crmpware ™
Mew Editor

i Variables 2 Profile| ®a = O/||cMP Array| Mem ) WLLEY ™ mage View X ® &, ¥ =0
Open Perspective »

b CamMandelbrot PPU.C: Show Wiew L - l
Customize Perspective.., \N II I |age

Sawve Perspective As...

Reset Perspective VieW

Close Perspective

Close All Perspectives SeleCted

Mawigation b

Preferences...

Set
Preferences

by Status I3 Power Meter| MpMon =g

FPowerPC(1,1) selected. -
File fhomejguccionef/demaofMandelbrot/Mandelbrot_PPU.elf loaded.
fhomejguccione/demofMandelbrot/Mandelbrot_PPU elf loaded into processor (1,1)

[ 3

= Cmpware - Makefile - Eclipse SDK




&=  Application Il: Set Step Size

'&' Applications Places Desktop o E_"_ﬂd

J o & 4:13 PM

S| S Preferences x | —Ox
File Edit Refactor MNavigate _ - Cmpware o |
Jf‘j* i | o J K % % b General " | & Crmpware >
Cmpware Processor array definition
N . o 3 [ -
& \ariables 2 Prof||e| 4 Ant Processors: ‘com.cmpware.cmp.models.CeIlBE & S -
) B CjC++
b CaMandelbrot_PPU.c: it ‘
b Help Link: ‘
b InstalljUpdate Systemn memory: ‘com.cmpware.cmp.system.memory.CellBE
b Java Step size: 110000 -
b F
SeleCt Plug-in Developmer License: Mo_license Set
P Run/Debug
Proxy server: ‘ ]
mpware b Team Step Size
P f Model path: ‘
to 10,000
Restore Defaults | Apply ‘
[+] ]
F QK Cancel
|
i Status 2 . Power Meter| MpMon‘ = B8
PowerPC(1,1) selected.
File fhomejguccionef/demaofMandelbrot/Mandelbrot_PPU.elf loaded.
fhome/guccione/demojMandelbrot/Mandelbrot PPU elf loaded into processor (1,1)
g _ P
[+] [¥]

= Cmpware - Makefile - Eclipse SDK

[N = YD @D




&= Application Il: Running the Code

& Applications Places Desktop 0 E E:

-

-

(1] Iﬁ

~ [amandelbrot_PPU.c:
> main()
» startCalculation()

> runFlag()

v v v v

> getPixel()

PPU
Variables

File Edit Refactor MNavigate

& B F 4

by

¥

profile

Run

— o SR L g - e

Search T~ o]

= B ||cMP Array Memory| Disassemble | C Source code | & Image View 52

b Status 2 Power Meter| MpMon

/home/guccione/demo/Mandelbrot/Mandelbrot_PPU .elt loaded into processor (1,1)
MNew step size set: 10000
Execution started (cycle = 84)

9 & 4:20 PM
—Ox

E | e Crmpware »

® @ Y =0O

Generated
Image

= Cmpware - Makefile - Eclipse SDK

;’(“’@ﬁg?w



&= Application Il: Running the Code

File Edit Refactor MNavigate
otd Y & & H * Jjj \‘_l IL 'i-é_i," J;' s duv @
" variables x Profile|"a = O/|cMP Array | Memory Disassemble | C Source code | & Image View &3 ® 9 F T8

~ [amandelbrot_PPU.c:
P main()
b < startCalculation()
b < runFlag()
b < getPixel()

PPU
Variables

& Applications Places Desktop “E_:_'_" B &= 4:29 PM
=

Cmpware - Makefile - Eclipse SDK — 0O

Search Project Run Window Help

E | e Crmpware »

Generated
Image

b Status 2 Power Meter| MpMon

/home/guccione/demo/Mandelbrot/Mandelbrot_PPU .elt loaded into processor (1,1)
MNew step size set: 10000
Execution started (cycle = 84)

= Cmpware - Makefile - Eclipse SDK [ [l




pplication ll: Stopping Execution

& Applications Places Desktop 0—1 B &= 4:33PM

= Stop zfile - Eclipse SDK —0OXx

File Edit Refactor MNavigate Searc
O | e Cmpware

[i- B & & (S 6 o m AN N Q @

™ variables X Profile|"a = O/|cMP Array | Memory Disassemble | C Source code | & Image View &3 ® 9 F T8

~ [amandelbrot_PPU.c:

= & main()
a intargc =10

a char**argy = 0

ainti= 255 Z
aintj=25 OO' I l
aintk=0 Out
& intm=4

& int waitCount = 61375

a float x=0.25

a float y = 1.4882812

a float x_incr = 0.01171875
a float y_incr = 0.01171875
a unsigned char *image = 0

b & startCalculation()
P < runFlagl)

b o getPixel() 8OM

b Status 2 . Power Meter MpMon CIOCk = B8
Mew step size set: 10000 C I
Execution started (cycle = 84) A yC eS

Execution stopped (cycle = 7890084)

1 [}

= Cmpware - Makefile - Eclipse SDK




SPU Assembly Code

—-— This is the inner loop of the
-— Mandelbrot algorithm for the
-—- CellBE SPU. It is used to

—-— generate the data used by

-— Mandlebrot PPE.c

-—- Copyright (c) 2007 Cmpware, Inc.

== All Rights Reserved.

—-— Useful constants
#define =zero r0
#define one rl

—-— The (shared memory) parameters

#define flag r8
#define x r9
#define vy rl0
#define cutoff rll
#define 1imax rl2

#define pixel rl3

—-— Other variables
#define params rl4

#define tmpO rl5
#define tmpl rl6
#define tmp2 rl7

#define tmp3 rl8

#define
#define
#define
#define

z re
z _im
Cc re
C_im

r20
r21
r22
r23

#define done mask r24
#define icount r25

il
il
il
il
il

Initialize constants

zero, O

one, 1

done mask, 0
icount, O
params, 0x1000

-- Wait for the 'go' flag

1lgx
brz

flag, params, zero
flag, -1

-- Load parameters

il
lgx
il
lax
il

tmpO0, 16

X, params, tmpO
tmp0, 32

y, params, tmpO
tmp0, 48

cutoff, params, tmpO
tmp0, 64

imax, params, tmpO




SPU Assembly Code (cont.)

-— Load Z and C initial wvalues

- (z.im * z.im)

a Zz re, zero, zero

a z im, zero, zero

a c re, X, zero

a c im, y, zero

-- z"2 (re): (z.re * z.re)

fm tmpl, z re, z re

fm tmp2, z im, z im

fs tmp3, tmpl, tmp2

== z"2 (im) : (z.re * z.im) +
== (z.re * z.im)
fm tmpl, z re, z im

fa z im, tmpl, tmpl

fa z re, tmp3, zero

-— z = z"2 + cC

fa Zz re, z re, C re

fa z im, z im, c_im

-—— Is ((z.re”2)

fm tmp2,
fm tmp3,
fa tmp2,
fcgt tmp3,

z re,
z im,
tmp3,
tmp2,

+

(z.im"2))
z_re
z im
tmp?2
cutoff

> cutoff

—-— Increment iteration count for values
—— still less than cutoff

or done mask, done mask, tmp3
and tmp2, done mask, one
a icount, icount, tmp2

-— 1max = imax - 1
sf imax, one, imax
brnz imax, -16

—-— Copy results to shared memory
il tmpO0, 80
stgx icount, params, tmpO

—-— Set 'ready' flag
stgx zero, params, Zzero

-— Go back to start

-- (and wait for another request)
bra 0

nop
nop




PPU 'C’' Code

** This program is used to generate
** the Mandelbrot set. For higher
** resolution, increase the ITERATIONS

** to several thousand. This will greatly /*

** increase the computation time, but is ** Constants

** necessary for zooming in to higher */

** resolutions. The other constants control

** the region of the Mandlebrot set being #define ITERATIONS 100 // Default: 100
**  mapped. #fdefine CUTOFF 5.0 // Default: 5.0
xx #define X START -2.0 // Default: -2.0
** This file is the PPU (PowerPC) portion #define X END 1.0 // Default: 1.0
** of the code which runs on the PPU unit #define Y START -1.5 // Default: -1.5
** of the Cell BE. It uses shared memory #define Y END 1.5 // Default: 1.5
** to drive the computation taking place #define X PIXELS 256

** on the SPEs. The SPEs each calculate #define Y PIXELS 256

** one set of four pixels in the Mandlebrot -

** set and return the data via shared memory. #define SPU READY 0

o #define SPU BUSY 1

**  Copyright (c) 2007 Cmpware, Inc.

* % 1
All rights reserved. /* The parameters for the SPE (quadrwords) */

i typedef struct {

$include "CellBE.h" int flag[4]; // The control flag
float x[4]; // X (c.re)

/* Functions */ float vyI[4]; // Y (c.im)

unsigned char getPixel (int spe, float cutoff([4]; // 'cutoff'

int pixelNum); int imax[4]; // Max iterations
int runFlag(int spe); int pixel[4]; // Pixel data
void startCalculation(int spe, float x, } params;

float y, float x incr);




PPU 'C’ Code (cont.)

int

main (int argc, char *argv[]) {
int i, 9, Kk, mg
int waitCount = 0;

float x = X START;

float y = Y START;

float x incr = (X END - X START) /
((float) X PIXELS);

float vy incr = (Y END - Y START) /
((float) Y PIXELS);

unsigned char *image =

(unsigned char *) 0x40000L;

for (i=0; i<Y PIXELS; i++) {
for (3=0; J<(X_PIXELS/(SPUS*4)); j++) {

/* Start calculations */

for (k=0; k<SPUS; k++) {
startCalculation(k, x, y, x incr);
X =X + (4 * x incr); -
}  /* end for(k) */

/* Get pixel results */
for (k=0; k<SPUS; k++) {
while (runFlag(k) != SPU READY)
waitCount++;
for (m=0; m<4; m++)
*image++ = getPixel (k,m);
} /* end for(k) */

}  /* end for(j) */

x = X_START;
% y + y incr;

} /* end for(i) */

for(;;)

}

/* end main () */




PPU 'C’

Code (cont.)

/**

* %
* %
* %
* %
* %
* %
* %
* %
* %
* %

* %
* %
* %
* %
* %
* %
* %
* %
* %
* %
* %

* *

*/

void startCalculation (int spu, float x,
This function sends the required float y, float x_incr) ({
parameters to the SPE and params *p = (params *) (long) (BP BASE +
sets the shared memory flag to (spu * SPU_MEMORY_ RANGE) + 0x1000);
begin the computation.
p->x[0] = x;
@param spu the SPU number. p->x[1] = x + x _incr;
Should be 0 to 7. p->x[2] = x + (2 * x _incr);
p->x[3] = x + (3 * x incr);
@param x the x coordinate. p->yI[0] = y;
This is the real portion p->yI[1l] = y;
of the complex number 'C' p->yl[2] = y;
used in the calculation. p->y[3] = vy;
p->cutoff[0] = CUTOFF;
@param y the y coordinate. p->cutoff[1l] = CUTOFF;
This is the imaginary p->cutoff[2] = CUTOFF;
portion of the complex p->cutoff[3] = CUTOFE;
number 'C' used in the p->imax[0] = ITERATIONS;
calculation. p—>imax[1] = ITERATIONS;
p—>imax[2] = ITERATIONS;
@param x incr the x coordinate p->imax[3] = ITERATIONS;
increment. This is the amount p->flag[l] = 0;
x is incremented per pixel. p->flag[2] = 0;
p—>flag[3] = 0;
p->flag[0] = SPU BUSY; // Start
} /* end startCalculation() */




PPU 'C’

Code (cont.)

return

(spu * SPU_MEMORY_RANGE)
(p->flagl0]);
/* end runFlag() */

+ 0x1000) ;

/**
**  value from a PE.

** calculation.

int pixelNum) {
params *p =
pixel =

return (pixel);

}  /* end getPixel ()

unsigned char getPixel (int

unsigned char pixel;
(params *)
(spu * SPU_MEMORY RANGE)
(unsigned char)

((p—>pixel [pixelNum] & 0x0f)

** This function gets a pixel
There are
**  four pixels produced per

/** * %
** This function returns the 'run' **  (dparam spu the SPE number.
** flag from shared memory. It uits Should be 0 to 7.
** should have a value of WAIT, A
** GO or DONE. **  (@param pixelNum the pixel
xx Wik number. Should be 0 to 3.
** (@param spu the SPU number. Wi
Bl Should be 0 to 7. **  (@returns A 32 bit value
it Bdis representing the number
** (@returns the value of the SPE wiks of iterations is
Wi 'run' flag is returned. xx returned. This value is
udid uiks always less than or
*/ 98 equal to the 'cutoff'
A parameter.

int runFlag(int spu) { BIt

params *p = (params *) (long) (BP BASE + */

spu,
(long) (BP _BASE +
+ 0x1000) ;
<< 4);

*/




&= Application Il: Overview

* |ntroduces PPU / SPU communication

* Demonstrates shared memory programming
* Introduces Eclipse 'Preferences’

* Demonstrates Image View

A Note on Synchronization: This
communication scheme eliminates
the need for 'semaphores’. This is
not generally true in shared memory
software.
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VIII. System Level Analysis
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&= Application Ill: Mailboxes

e SPU / PPU communication via 'mailboxes’

 Mandelbrot application converted from
shared memory to mailboxes

* Mailboxes: 32-bit communication channels
* Point to point
e Synchronized
* Blocking




&= Application Ill: Load SPU code

& Applications Places Desktop “ E__‘i j'ﬂﬂ = 4:35PM

3| cm ' ' | —Ox
File Edit Refactor MNavigate Search Project ~ Load AII |
ti- @ & @Jﬂﬁ‘)l!{diij Iy | @ Cmpware
& variables 23 Profi|e|”4 = E|| b CMP Array 2% Memory | Disassemble | C Source code|lmage View| @ G, = ELb' ¥ =8

~ [amandelbrot_PPU.c:

P main()

- Load All Processors

< startCalculation()

3
b 2 runflag() B3 guccione 4 guccione | demo | Mandelbrot
[

i '
[FADesktop | MName - | Modified‘
LFile system £ :

< getPixel()

[A) Mbmb_opt2_spu.bin

[=JFlo E

= [Brt. st o Load SPU

EMbmb:ppu_.c | COde to
All Nodes

- [ Mbmb_ppu.elf
- [AMbmb_spu.asm
B B Mbrmb_spu bin

Simple.asm Today
| d
Simple.c Today
| |€] simple_ppu.elf Today
s Add @ Bemove | Simple_spu.elf Today
X cancel @QK =5

Execution started (cycle = 84)
Execution stopped (cycle = 7890084)

[]

= Cmpware - Makefile - Eclipse SDK




&= Application Ill: Load PPU code

& Applications Places Desktop “ E__‘i j'ﬂﬂ = 4:36 PM

=| cCmpv DK | —oOx
File Edit Refactor MNavigate Search Project 7 - Load P P U |
4‘9

Jfﬁ"‘@ @Jlﬁﬁ‘)l*;ji"'_l £ | @ Cmpware 7

& variables 23 Profi|e|”4 = E|| b CMP Array 2% Memory | Disassemble | C Source code|lmage View| @ G, = ELb' ¥ =8

Load Current Processor
guccione j guccione | demo | Mandelbrot
B pesktop Name 5 | Modified ‘ FI
LFile system ;
CIFloppy | [E) Mbmb_opt2_spu.bin
CJcD-ROM [l Mbmb_opt_spu.asm Load PPU
JE Mbmb_opt_spu.bin
_Opt_sp O e
-/ @) Mbrmb_ppu.c
8 B Mbmb_ppu.elf
. _Pp
- [AMbmb_spu.asm Today
[&) Mbmb_spu.bin Today
[ simple.asm Today
Simple.c Today
| |€] simple_ppu.elf Today
s Add @ Bemove | Simple_spu.elf Today -
X cancel @QK =5

Warning: file ;hromefguccionefdemofMandelbrothbmb_spu.bin not in ELF format.  Loading as binary.
fhomejguccione/demofMandelbrot/Mbmb_spu.bin loaded into all processors.

[]

= Cmpware - Makefile - Eclipse SDK




€ Applications Places Desktop ‘ ._a
> Cmpware S H I
ingle

Application lll: Executing Code

flule & 4:36 PM
— MO x

File Edit Refactor MNavigate Search Project Run ==
|ci- @ @ @Ju‘.@«;-xﬁé‘ulfm Step

E | e Crmpware ™

Profile | a = B | & CMP Array &2 Memory|

code | Image View

® @ i ¥ =0

b CaMbmb_ppu.c:

i Status I3 Power Meter| MpMon‘

MNew step size set: 1
Execution step (cycle
Execution step (cycle

7900085)
7900086)

[*]

[]

= Cmpware - Makefile - Eclipse SDK

B (YD S0 oF

e




<= Application lll: Executing Code

& Applications Places Desktop QEE: B = 4:44 PM
0 000 0909099000
File Edit Refactor MNavigate Search Pr Run
i w3 + + H & N | Q , ah £ | @ cmpware  »
Profile | *a = B ||cMP Array Memory| Disassemble | C Source code | & Image View 52 ® @, ¥ =70

~ AmMbmb_ppu.c:

> main()

Image
View
Selected

[

b < startCalculation()
b o send()

b recv()

[

> floatBits()

i Status 2 . Power Meter MpMon =B

/homef/guccione/demoj/Mandelbrot/Mbmb_ppu.elt loaded into processor (1,1) -
MNew step size set: 10000
Execution started (cycle = 0)

= Crmpware - Makefile - Eclipse SDK [ ;{"@%9? °F




&= Application lll: Stalling

* SPU mailboxes:

e rdch and wrch Iinstructions

* Wait for data to become available ('stall’)
* Alternative to 'busy waiting' in loop
* Cmpware detects stalls

* Colors processors acording to activity
* Tracks stalls in Utilization / Power Meter




Application Ill: SPU Stalls

& Applications Places Desktop 0-—& flEle & 4:38 PM

Cmpware - Makefile - Eclipse SDK —Ox

File Edit Refactor MNavigate Search Project Run Window Help |
| -

™ variables X

@Jﬂ@‘)I*Jjj‘HILJ(L'JQ“J%W'@@' i E | e Cmpware

Profile | a = B || & cMP Array 52 Memory|Disassemb|e‘C Source code | Image View @ e #FH i ¥ —08

~ AmMbmb_ppu.c:

[
3
I
[
|3

< main()
< startCalculation()
< send()

4 SPUs
—( Active

< recwl)

< floatBits()

4 SPUs
Stalled

i Status 2 . Power Meter| MpMon‘ = B8

Execution stopped (cycle = 7900112)
MNew step size set: 1000
Execution started (cycle = 7900113)

[] [*]

= Cmpware - Makefile - Eclipse SDK T = w 507 °F

e




Application Ill: SPU Stalls

& Applications Places Desktop ‘__a flEle & 4:38 PM

Cmpware - Makefile - Eclipse SDK —Ox

File Edit Refactor MNavigate Search Project Run Window Help |

@Jﬂ%‘)l*ﬁéEILJQ'Jﬂ“J%@@%'@@'J E | e Crmpware £

| -

™ varigbles x Profile | *a = B || & cMP Array 52 Memory|Disassemb|e‘C Source code | Image View ® @ ==Y =0

~ AmMbmb_ppu.c:

[
3
I
[
|3

< main()
< startCalculation()
< send()
< recv()

< floatBits()

i Status 2 . Power Meter| MpMon‘ = B8

Execution stopped (cycle = 7900112)
MNew step size set: 1000
Execution started (cycle = 7900113)

[] [*]

= Cmpware - Makefile - Eclipse SDK T = % 507 °F

e




Application Ill: SPU Stalls

& Applications Places Desktop ‘__a flEle & 4:38 PM

Cmpware - Makefile - Eclipse SDK —Ox

File Edit Refactor MNavigate Search Project Run Window Help |

@Jﬂ%‘)l*ﬁéEILJQ'Jﬂ“J%@@%'@@'J E | e Crmpware £

| -

™ varigbles x Profile | *a = B || & cMP Array 52 Memory|Disassemb|e‘C Source code | Image View ® @ ==Y =0

~ AmMbmb_ppu.c:

[
3
I
[
|3

< main()
< startCalculation()
< send()
< recv()

< floatBits()

i Status 2 . Power Meter| MpMon‘ = B8

Execution stopped (cycle = 7900112)
MNew step size set: 1000
Execution started (cycle = 7900113)

[] [*]

= Cmpware - Makefile - Eclipse SDK T = % 507 °F

e




Application Ill: SPU Stalls

& Applications Places Desktop ‘__a flEle & 4:38 PM

Cmpware - Makefile - Eclipse SDK —Ox

File Edit Refactor MNavigate Search Project Run Window Help |

@Jﬂ%‘)l*ﬁéEILJQ'Jﬂ“J%@@%'@@'J E | e Crmpware £

| -

™ varigbles x Profile | *a = B || & cMP Array 52 Memory|Disassemb|e‘C Source code | Image View ® @ ==Y =0

~ AmMbmb_ppu.c:

[
3
I
[
|3

< main()
< startCalculation()
< send()
< recv()

< floatBits()

i Status 2 . Power Meter| MpMon‘ = B8

Execution stopped (cycle = 7900112)
MNew step size set: 1000
Execution started (cycle = 7900113)

[] [*]

= Cmpware - Makefile - Eclipse SDK T = % 507 °F

e




Application Ill: SPU Stalls

& Applications Places Desktop ‘__a flule & 4:39 PM

Cmpware - Makefile - Eclipse SDK —Ox

File Edit Refactor MNavigate Search Project Run Window Help |

@Jﬂ%‘)l*ﬁéEILJQ'Jﬂ“J%@@%'@@'J E | e Crmpware £

| -

™ varigbles x Profile | *a = B || & cMP Array 52 Memory|Disassemb|e‘C Source code | Image View ® @ ==Y =0

~ AmMbmb_ppu.c:

[
3
I
[
|3

< main()
< startCalculation()
< send()
< recv()

< floatBits()

i Status 2 . Power Meter| MpMon‘ = B8

Execution stopped (cycle = 7900112)
MNew step size set: 1000
Execution started (cycle = 7900113)

[] [*]

= Cmpware - Makefile - Eclipse SDK T = % 507 °F

e




Application Ill: SPU Stalls

& Applications Places Desktop ‘__a flule & 4:39 PM

Cmpware - Makefile - Eclipse SDK —Ox

File Edit Refactor MNavigate Search Project Run Window Help |

@Jﬂ%‘)l*ﬁéEILJQ'Jﬂ“J%@@%'@@'J E | e Crmpware £

| -

™ varigbles x Profile | *a = B || & cMP Array 52 Memory|Disassemb|e‘C Source code | Image View ® @ ==Y =0

~ AmMbmb_ppu.c:

[
3
I
[
|3

< main()
< startCalculation()
< send()
< recv()

< floatBits()

i Status 2 . Power Meter| MpMon‘ = B8

Execution stopped (cycle = 7900112)
MNew step size set: 1000
Execution started (cycle = 7900113)

[] [*]

= Cmpware - Makefile - Eclipse SDK T = % 507 °F

e




“=Application lll: Execution Patterns

* Animated execution patterns in main display
* PPU overwhelmed 'feeding’' 8 SPUs

* Approximately 30% utilization in SPUs

e Simulator defaults to one instruction per cycle

* Verifies functional correctness

* Gives good indication of bottlenecks

* |dentifies / animates execution patterns
* Helps balance loads




&= Application lll: Executing Code

& Applications Places Desktop o E:_‘_‘_. B & 4:50 PM
= Makefile - Eclipse SDK — 0O

File Edit Refactor MNavigate Search — Stop D
B 4] o IL‘I 49 H B I 121 i Cpware 2

i variables 22 Profile | ®a = B | CMP Array | Memory | Disassemble | C Source code ® o9 F =0
~ AmMbmb_ppu.c: Zoorm Out

B mainl)
» startCalculation()
> send()

> recwl)

v v v v

> floatBits()

by Status EI Power Meter| MpMon = Od

/homef/guccione/demoj/Mandelbrot/Mbmb_ppu.elt loaded into processor (1,1) -
MNew step size set: 10000
Execution started (cycle = 0)

[ 3

= Cmpware - Makefile - Eclipse SDK




& Application lll: Overview

* Mailboxes provide synchronized, blocking,
serialized communication channels

* Easier to debug and analyze
e Cmpware tools:

* |dentify channel stalls

* Provide animated display data

* Track processor utilization

* Assist in load balancing and optimization




&

. Introduction

Il. Installing the Cmpware CMP-DK
Ill.  Application |: A Simple Program
V. Application Il: Shared Memory
V. Application lll: Mailboxes

© VI. Optimization I: SPU Dependencies
VIl. Optimization |I: SPU Dual Issue
VIII. System Level Analysis
|IX. Overview




bh':'f"()ptimization I: SPU Dependencies

* Correctly executing hand-coded assembly is
not the end of the road for SPU coding

* Performance issues depend heavily on the
ordering of instructions ('scheduling')

* Results not immediately available to
downstream instructions

* |nstructions can wait from 2 to 6 cycles for
data (longer for double precision)

* Performance can be 6x worse than expected

el L




&= Optimization I: Dependency View

* SPU Instruction scheduling is complex

e Different instructions take different number
of cycles — difficult to remember

* Keeping track of register usage tedious
e Cmpware SPU Dependency View:

* A quick 'snapshot' of SPU schedule
* |ntuitive color-coding of instructions
* |[nteractive support for code scheduling




Optimization |I: SPU Stalls

& Applications Places Desktop o _“I_f_.. B & 4:53PM
= Cmpware - Makefile - Eclipse SDK —h X

File Edit Refactor MNawvigate Search Project RBun Window Help

W jed 5 9 B X H MW N Q| e

i CMP Array 22 5 =B Source code | Image View ¥ =0
® o # H ¥ |||loocoocoo: 4osoooo0 il r0, O =
Qoooooo4: 40800081 i1 rl, 1
L L L Q000000O8: 40BOOO15 i1 x2l1, O \
0000000e: 40800016 11 x22, 0O

00000010: 48220408 =xor r8, r8, r8
00000014:  0la00e88 rdch 18, SPU_RdInMbox SeleCt
00000018: 3£f830408 rotgbyi =8, r8, 12
000000le: 0l1ab0e88 rdeh r8, SPU_RdInMbox D mbl
| D0D0D0Z0: 3f830408 rotgbyi r8, r8, 12 ISBSSG e
0O000002Z4:  0l1a00=88 rdcoch rB8, SPU_RdInMbox

00000028: 3f830408 rotgbyi B, r8, 12 Dependency

0000002=: 01a00e88 rdch r8, SPU_ERdInMbox [
00000030: 3f830408 rotgbyi 8, r8, 12 VIeW
Q00000034: 48224489 xor r9, r9, r9
00000028: 0l1la00e89 rdch r9, SPU_RdInMbox
0000003e: 3f81048d rotgbyi rl3, r9, 4
00000040: 08224689 or r9, rl3, r9
00000044: 3f82048d rotghyi rl3, r9, 8B

Sta” Color Code D0000048: 08224689 or 19, rl3, r9

0000004e: 48228h0a xor rl1l0, rl0, rlO
- 5+ CyCIeS OO00000ED:  Dla00e8a rdch rl10, SPU_RdInMbox

00000054: 3f81050d rotghyi rl13, rl0D, 4

Q00D0O0O0D58: 0B22868a or rl0, rl3, rlO
- 3-4 CyCIeS 0000005e: 3f82050d =rotghyi rl13, rl0, B
Q00000060 : 0B22868a or rl0, rl3, rl0

1-2 CyCIeS 00000064: 4822ch8b xor rll, rll, rll
" | No stall

| i Crpware LD

[ 3

Status | ¢ Power Meter i3 MpMaon & B8

| = Cmpware - Makefile - Eclipse SDK




&

- - MR

B ®% 2% FH On

5l

Stall Color Code
B 5+ cycles
.| 3-4 cycles
1-2 cycles
" | No stall

C0000000 :
00000004 :
00000008 :
0000000 :
00000010 :
00000014 :
00000018 :
0000001 e:

Optimization I:

SPU Stalls

Q- | # | e > | @
— O | Memory Source code | Imana Wiew
. R22 written,

40800000 %1 r?, ? not used
40800081 i1l rl, 1 .
40800015 i1 rEl,( until later
40800016 i1l r22,
48220408 =xor r8, r8, I8 R8 written,
01a00=e88 rdch 8, SPU_RAdInM used in
2f220408 rotgbyvi =, rs, 17 next
O01la00=8E rodch &, SPUO T inStrUCtion
IE830408 rotgbyi » :
O01la00=88 rodech r&, FU_E. llbox
2£f2320408 rotgbvi =2, r3, 12
O01la00=88 roadch 8, SPU _ERdInMbox
FfB20408 rotgbyi r2, rd, 12
48224489 MO r9%, r49, r9
O01la00=89 rodoch r9, SPU_RdInMbox
FEE1048d

.......

- -

! L -\.

rotgbhyvi rlz2, 9, 4

—

-

o



&  Optimization I: Statistics

* 60 instructions, 167 - 190+ cycles
e 2x - 3x penalty for dependency stalls

Instructions Stalls Stall Cycles
25 No stalls (green) 0
11 1-2 stalls (yellow) 1122
12 3-4 stalls (orange) 36 — 48
12 5+ stalls (red) 60
Total: 60 107 — 130+




&= Optimization I: Optimization Tips

* Load data early

* Use lots of registers — register reuse can
make scheduling difficult

* Do multiple interleaved calculations at a time

* 'Abstract' away from the algorithm — just think
registers and cycles

* |t's sort of like 'Tetris' :*)




Optimization I: Optimized Code

& Applications Places Desktop 0_‘_& Load SPU B & 4:55PM

= | cmr- SDK | — o X
File Edit Refactor Mavigate Search Erojec{ Code

B & ke o m ok m M| z [ cmpware
i CMP Array 22 Pg = B || Memory | & Disassemble & . C Source code | Image View ¥ =0

T on =
® o # i 0000O000: 40800000 il  r0, O

: i i - Load Current Processor x
guccione | guccione | demo ||Mandelbrot

: L K [Boesktop Mame ¥ | Modified
[JFile System Mandelbrot_PPU.c Today

K ( : [=JFloppy [#) Mandelbret_PPU elf Today
[=JcD-RoM [() Mmandelbrot_SPE.asm Today

[2) Mandelbret_SPU.asm Today
[€) Mandelbrot_SPU .bin Today
[(IMbmb_opt2_spu.asm Today

[A) Mbmb_optz_spu.bin
[FI Mbrmb_opt_spu.asm

Optimized

B mMbmb_opt_spu.hin
Stall Color Code FTr— SPU Code

- 5+ CyCIeS Add @ Bemove r‘"‘.b|"|’1.}IJ_FJFJI..I.ehc

- 3-4 CyCIeS M Cancel
-2 ez sl B .
] No stall

[

Status | e Power Meter 232 MpMaon

Writable Smart Insert | 1:1

| = Crmpware - Mbmb_spu.asm - Eclipse SDK




& Applications Places Desktop 0 b

Application lll: Optimized Code

B &= 456 PM

Refactor Mavigate

[=] E
e T
H 444 =

Stall Color Code
B 5+ cycles
.| 3-4 cycles
1-2 cycles
" | No stall

Search Project

A s % B K ¥ oM o

Elal1sd ™ Disassemble x C Source code | Image View

000000al:
000000ad:
000000a8 :
000000ae:
000000b0:
000000b4 :
000000bLE :
000000be:
000000e0:
0000004 :
000000e8:
000000ee:
000000d0 :
00000044 :
000000ds :
000000de :
0000000 :

0000004 :
0000008 :
000000ae:
DO00D0ED:
Q00000£4 :
0O00000£S :
000000fe:
00000100 :
00000104 :

(alalalalak Nal=10

Bun

Q- | &

08238204
08244285
40800012
40800013
58cdB8919
58cdc99a
58cdcble
58akBc92
hBETO=13
hBBOBY912
S58B0c993
58cd891a
h8cdc99b
40200000
58868d9c
40200000
58410e=1d
40200000
08274b 16
40200000
18204ble
loffc2B85
18078b97
ddfffRES
3f=10b98
3f=20b99

AF N0

Cmpware - Mbmb_spu.asm - Eclipse SDK

Windew Help

w G B

— O X

| i Crpware LD
- = H

or rd, rd, rld

or b, rh, rl?

il rl8, 0O

il rl9, 0O

fm 25, rl8, rl8

fm rZ26, rl9, rlo

fm r28, rl8, rl9

f= rl8, rih, r2é

fa xrl9, ri8, riZB8

fa rl8, rlB, r2

fa rl9%, rl9, r3

fm rZ6, rl8, rl8

fm xr27, rl9, rl9
nop

fa r28, r27, r2a
nop

foegt r29, r28, r4d
nop

or r22, r22, r2o
nop

and r30, rZ2Z, rl

ai rh, rh, -1

a r23, r23, r30
brmz rh, -19
shlgbyi r24, r23, 4
shlgbyi r2b, r23, B
P T N T e 17

‘ Display performance data

All Stalls

= Removed

[

Status | e Power Meter 232

MpMon

| = Crmpware - Mbmb_spu.asm - Eclipse SDK




&= Optimization I: Overview
 SPU performance highly dependent on
dependencies ('schedule’)
* An unusual idea for many programmers

* Cmpware SPU Dependency View:

* Give a 'snapshot' of depencies
* Fast and interactive
* Permits lots of experimentation

e Can dramatically improve SPU performance
e 2x - 3x speedup in Mandelbrot SPU code

P S
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|.  Introduction

Il. Installing the Cmpware CMP-DK

Ill.  Application |: A Simple Program

V. Application Il: Shared Memory

V. Application lll: Mailboxes

VI. Optimization I: SPU Dependencies
¢ VII. Optimization Il: SPU Dual Issue

VIII. System Level Analysis

IX. Overview




&= Optimization Il: SPU Dual Issue

* SPU can execute two instructions in a cycle

* Two pipelines not identical

* 'Pipe 0" instructions: arithmetic, logical, others

* 'Pipe 1' instructions: branches, loads, stores,
others

* Pipe O instructions should be aligned on
'even' addresses (ending in 0x0 or 0x8)

* Pipe 1 instructions should be aligned on 'odd’
addresses (ending in 0x4 or 0xc)

el




Optimization ll: Alignment View

& Applications Places Desktop 0 R 5 & 4:56 PM
-

Cmpware - Mbmb_spu.asm - Eclipse SDK — O X

File Edit Refactor MNawvigate Search Project RBun Window Help

Ci- B i3 | @ (8 & & B K 3 M 1 | Q- (<4 (23 G- - EY | e Crpware ™
=R BT = Disassemble x C Source code | Image View ¥ =0

|3‘ ;J'éé Egi e VUUUUUDD ILoIVLAUIE LOLYIY.L ri4, L=, 1 ‘Dlsplay perforn \E data
0000006e: 3f81028f rotghyi rl5, rh, 4

00000070: 2f820290 rotgbyi rle, rh, B \
00000074: 3f83029]1 rotgbhyi rl7, rh, 12
00000078: 08218102 r2, r2, rh

or

000000Te: 08224183 or r3, r3, ro
: ‘ K 00O000DDBO: 08230204 or x4, rd, rl2 Select
000000B4: 0823c285 or b, rH, rlh .
00000088: 0821cl02 or 2, r2, 7 InStrUCt|On
: : : 000000Be: 08228183 or 3, r3, rld .
00000090: 08234204 or r4, r4, rl3 A||gnment

Q0000094: 08240285 or b, rh, rlé .
Q00000098: 08220102 or rZ, r2, r8 V
0000008c: 0822cl83 or r3, r3, rll IeW
000000a0: 08238204 or r4, rd, rld
000000a4: 08244285 or x5, rh, rl7
000000a8: 40800012 il rxl18, O
000000ae: 40800013 il rl19, O
“TA000b0:  5Bcd8919 fm  rZ25, rl8, rl8

4: bBcdc99a fm rZe, rl9, rlo
1 . 8: bBedeY9lc fm rZ28, rl8, rlH
Alignment Color Code: |° i oo i i
- 0: 5hBBT0el3 fa rl9, ri8, ri8
Incorrectly aligned |0 e ool o
. 8: bHBBOcY93 fa rl9, rl9, r3
" Correctly aligned |- e o oo e
0: 5hBcdc99 fm r27, rl9, rlo -
13
Status | ¢ Power Meter i3 MpMaon & 0

= Crmpware - Mbmb_spu.asm - Eclipse SDK




& Optimization Il: Alignment

* Worst case: TR PR T—
. . » Memory BadIEEEEC . C Source cc
e One instruction per cycle = ‘oo SRR, < e

: = [FEFIWIWIWETE + ] =] = I LAY LULLiJJ:J. L 13,
0000006e: 3f81028f rotgbyi rl5,
' . ' 00000070: 3£820290 rotgbyi rl6
e vellow / t N
ye ow reen Sstuipes 00000074: 3£830291 rotgbyi rl7,
00000078: 08218102 or r2, r2, rf
1 . 0000007c: 08224183 or 3, r3, r!
e 50% SPU utilizat o
0 u I Iza Ion |:||:||:||:||:||:|E:|:| 0823020_1 or r_]_'l _]_'l
00000084: 0823c285 or =5, r5, T
. 00000088: 0821cl02 or r2, r2, T
e Best case: 0000008 08228183 or 13, 13, ©
00000090: 08234204 or r4, rd, r
00000094: 08240285 or r5, r5, I
P A” 00000098: 08220102 or 2, r2, F
reen Q000008 or r3, r3, i b

 Completely aligned
* 100% SPU utilization (2x speedup)

e All yellow: only one 'nop' away from 100%

/ _— == < b — — 77;*7*:*:;}1* :
% e EEEE— — —— — =
B e — I —




Optimization Il: Aligned Code

B &= 456 PM

3 icati =l K

€ Applications Places Desktop 0 ) L d SPU
=| cmr- Oa SDK | — %
File Edit Refactor Mavigate Search Erojecx Code

- B @@ g e o w xR | o [@cmpware  ”
i CMP Array 22 Pg = B || Memory | e Disassemble 3 . C Source code | Image View ¥ =0

@‘ |3‘ ;;;_ tg: e VUUUUUDD ILoIVLAUIE J'.ULL.iLJ'I'J. ri4, L=, L T
0000006e: 3fB10Z28f rotgbyi rl5, rh5, 4
: ‘ ‘ - Load Current Processor x
guccione | guccione | demo ||Mandelbrot

: L K [Boesktop Mame v | Modified | |~
[JFile System Mandelbrot_PPU.c Today

: : : [=JFloppy [#) Mandelbret_PPU elf Today
[=JcD-RoM [() Mmandelbrot_SPE.asm Today

[2) Mandelbret_SPU.asm Today

[€) Mandelbrot_SPU .bin Optimized

[(IMbmb_opt2_spu.asm

B mMbmb_optz_spu.bin SPU COde

Mbmb_opt_spu.asm
_Opt_sp

[@) Mbmb_opt_spu.bin
[@ Mbmb ppu.c

@ _Pp

Alignment COIOr COde: am Rermove f~-'1.br1’1.|:n_ppl..|.ehc l
Incorrectly aligned s on

| Correctly aligned

0: 5hBcdc99 fm r27, rl9, rlo

Status | e Power Meter &2 MpMaon

= Crmpware - Mbmb_spu.asm - Eclipse SDK




Optimization Il: Aligned Code

& Applications Places Desktop 0 R 8 & 4:57 PM
-

Cmpware - Mbmb_spu.asm - Eclipse SDK — O X

File Edit Refactor MNawvigate Search Project RBun Window Help

Cii» B o | o |eA & & B X 2 B n Q- | 4 | O @ EY | & Cmpware ™

=R BT = Disassemble x C Source code | Image View ¥ =0

= Crmpware - Mbmb_spu.asm - Eclipse SDK

&, = Hi Y ||[oooooods: 00200000 1nep -
0000004d8: bH8cdc9lc fm r28, rl8, rlo
000000de: 00200000 Inop
000000=20: bBakBcY92 fs rlB, rih, r2é
000000=4: 00200000 Ilneop
000000=28: HB8BT70el3l fa rl9, rZ28, rZ8
000000ec: 00200000 Inop
Q00000£0: 5BBO8912 fa rl8, rlE, r2
DOOO0OE4: 00200000 lnop Completely
: : : 000000£8: HBBOcH93 fa rl9, rl9, r3 .
DO0ODOfe: 00200000 lnop A||gned
00000100: 58c4891la fm rZ6, rl8, rlB8
00000104: 00200000 Ilnop C d ( t
00000108: 58cdc99b fm  r27, rl9, rl9 O e no e
0000010c: 00200000 lnop / I )
00000110: 58868d9c fa r28, r27, rZs nOpS nOpS
00000114: 00200000 Ilnop
00000118: 58410eld fegt r29, r28, r4d
Tlle: 00200000 Inop
g 0: 08274kle or r22, ri2, ra9
Alignment Color Code: |+ oozo0000 e
. 8: 18204kble and r30, r22, rl
Incorrectly aligned | cozoooon o
(117 lcffe285 ai  rh, rh, -1
| Correctly aligned ~ |1: somoens e
8: 18078k97 a 23, r23, r30
— ANEEFENRE  leee R 730 =
*
Status | ¢ Power Meter i3 MpMaon & 0




S Optimization Il: Alignment Tips

e Start from the top and work down

* Move instructions upward

* Don't break existing dependencies!
e Insert nop/lnop as a last resort

e Nop/lnops:

* |ncrease code size

* But may reduce overall cycle count
e Nice to have nops in code as 'documentation’




&= Optimization Il: Overview
 SPU performance highly dependent on
instruction alignment
* Another unusual idea for many programmers

e Cmpware SPU Alignment View:

* Give a 'snapshot’ of instruction alignment
* Fast and interactive
* Permits lots of experimentation

* Can quickly improve SPU performance
* Nearly 2x speedup in Mandelbrot SPU code

P L
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|.  Introduction
Il. Installing the Cmpware CMP-DK
Ill.  Application |: A Simple Program
V. Application Il: Shared Memory
V. Application lll: Mailboxes
VI. Optimization I: SPU Dependencies
VIl. Optimization |I: SPU Dual Issue

¢ VIIl. System Level Analysis
IX. Overview
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oo Syst_err_l Le_vel Ana!ys:is:
Optimization Statistics
* Each optimization phase adds instructions ...

... but reduces cycle count
* Approx. 4x performance increase

Instructions Stalls .LP.C.* Cycles
Naive 60 107 — 130+ 1 167 — 190+
Opt. | 73 0 1 73
Opt. lI 08 0 2 49

*|.P.C. is 'Instructions Per Clock' for SPU dual issue pipeline.




= System Level Analysis

* Use various Cmpware tools together:

 Processor Utilization indicates which nodes to
optimize

* Profiling indicates areas on nodes to optimize

e Stall data / profiling aids in partitioning
* Customize the IDE:

* Any view can be accessed in <2 mouse clicks

* Moving / resizing windows streamlines
development




o= Putting It All Together

* |n the Cmpware CMP-DK for the Cell BE:

1. Edit ...
Compile ... === i
Execute ...

and Debug multicore code
Find bottlenecks and 'hot spots'
Optimize SPU dependencies
Optimize SPU instruction alignment

... all in one Eclipse-based IDE

N O O

» — > - ———

—




<= Cmpware CMP-DK for the Cell BE
* Eclipse [ Java based
e Completely self-contained
e Compact: 1.5 MB 'plugin’
[y |
e Easy to install (seconds) ‘LJ (\d

* Runs 'everywhere'

& Increase programmer productivity
@ Increase Cell BE software performance




o= Resources

¢ Cmpware, INC:  nttp://www.cmpware.com/
* Cmpware Cell BE Update Site:

http://www.cmpware.com/cellbe/

* All code from this presentation avaliable at:

http://www.cmpware.com/cellbe/CmpwareCellBE_demo.zip

° Cmpware License Request: info@cmpware.com

* |BM Cell tools for Windows / Cygwin

http://cellbe-cygwin.cvs.sourceforge.net/cellbe-cygwin/cellbe-cygwin/




