nbedded & 2 Development
“for MPSOC: Iminary HOPES

/Experience

June 24, 2008

Soonhoi Ha
Seoul National University

e 1

r’f T ——

‘\?-ﬂ':i 1. Introduction: HOPES Design Flpw

\fi 2. Common Intermediate Code (CIC) and CIC Translation

-
~y 3. Preliminary Experiments

-
‘\f 4. Discussion and Conclusion

N

0
e

2 = 8 = = » HOPES project, SNU




———“

ol
ﬁ” Problem Statement

* Target: MPSoC (Embedded Systems) with high degree of
parallelism
e Scalability

» Heterogeneous processors with diverse communication
architecture

e Power-constrained system

# Problem: parallel programming for MP Systems
« Parallelism extraction (multiple use case, multi-tasking apps.)
e Functional parallelism, data-parallelism, temporal-parallelism
Partitioning and mapping
Parallel code generation: parallel programming is not easy
Performance estimation and verification
Design space exploration

(@)
C' ) ‘ Need of sound (scalable and robust) methodology
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Applications
(Manual
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(Manual
design

- Programming platform (CIC)

Software Platform Software Platform
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_“fi HOPES Design Flow

- . KPN
[ Dataflow Model UmL

- . Manual Coding

Automatic Code Generation

—=

[ Task Codes(Algorithm) ][ XML File(Architecture) ]

Task Mapping ‘—[ Performance Lib./ Constraints ]
-
- -

[ Target-Executable C Code }—v Virtual Prototyping System
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Sﬁ‘ Design Steps and Techniques

# Algorithm development / Behavior specification

e (Option 1) PeaCE modeling: FSM + Dataflow tasks
Automatic clustering into CIC tasks

e (Option 2) CIC task specification
# Functional Simulation

e Multithreaded code generation in the host machine
* Mapping to the processing elements

« Automatic mapping considering functional/data/temporal
parallelism.

e Manual mapping
# (Architectural design space exploration)
# CIC translation to generate target C codes

¢y Virtual prototyping / system verification
@e)
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ﬂgc (Common Intermediate Code)
% CIC
m CIC (architecture) - .xml files
Interfaces: Hardware information:
" init()- Processor information
* 0() H/W accelerator info.
*_g OS, Memory maps
_wrapup()

Constraints:

Depends on: Timing requirement

Generic APIs
(including comm. APISs)

Power consumption

Additional information:
OpenMP pragmas
Hardware pragmas

Structure:
Task structures
Channel & Task mapping

1
1
1
1
1
1
1
1
1
1
1
: Memory constraint
1
1
1
1
1
1
1
1
1

—— e e e e e e e e e e e e e e e ]

8 = 8 = = » HOPES project, SNU




T—

ol
Sﬁ CIC Code Generation

= Separate CIC task codes for partitioned tasks
= Explicit functional parallelism - task_name.cic
* openMP programming for data parallelism
* Generic API for platform independent programming

void h263decoder_go (void) {
| = MQ_RECEIVE("mqQ", (char *)(Id_106->rdbfr), 2048);
# pragma omp parallel for

for(i=0; i<99; i++) {
/lthread_main()

}
/I display the decode frame
dither(frame);
af
C/5 .
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Rﬁ DivX player CIC xml (Structure)
<structure>
<mode name="default">
<task name="AviReaderIQ">
<subtask name="arm926ej-s0"> <queue>
<procMap>0</procMap> <name>mq0</name>
<«fileName>AviReaderIO_arm926ej_s0.cic</fileName> <src>AviReaderIO</src>
</subtask> <dst>H263FRDivxI3</dst>
</task> <size>30000¢</size>
<task name="H263FRDivxI3"> </queue>
<subtask name="arm926ej-s0"> <queue>
<procMap>0</procMap> <name>mql</name>
<«fileName>H263FRDivxI3_arm926ej_s0.cic</fileName> <src>AviReaderIO</src>
</subtask> <«dst>MADStreamIb</dst>
</task> <size>30000¢</size>
<task name="MADStreamI5"> </queue>
<subtask name="arm926ej-s0"> </structure>
<procMap>0</procMap> </CIC_XML>
<«fileName>MADStreamI5_arm926ej_s0.cic</fileName>
</subtask>
</task>
</mode>
(-
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_—Sﬁ‘ Task Model in CIC

#* Task execution semantics

* Process networks: blocking read, non-blocking write if queue
space is available

= Possibility of data parallel execution is specified

e |f there is no internal state inside a task, it can be executed in
parallel

#* Two types of channels
e FIFO channel of finite size FIFO queue (default)
» MQSend(data), MQRead(data)
= Array channel of finite size array
e ACSend(index,data), ACRead(index, data)
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Sﬁ‘ Data Parallel Execution

* Default parallelism
e (example) Macroblock decoding of H263 decoder
e Specification method: openMP pragma

* Wavefront parallelism
» (example) Macroblock analysis of H264 encoder
» Specification method: CIC definition of wavefront vector

T2

wl2  #pragma omp parallel for —
d for(i=0; i<99; i++) { —
T2 /IT2_main() -~
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P
m‘ CIC Translation

% CIC to Multi-thread codes for functional simulation
e Generated codes are run on a host machine

% CIC to target C codes

= For virtual prototyping

e For MPCore
1 SMP core
= For Cell processor Or HW IP
Heterogeneous
[planned] core

= DSP array
e Reconf. hardware comm. network

Reconf.

DSP array HW
P
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m‘ CIC Translator

[ Task Codes (Algorithm) ] [ XML File(Architecuture Info.) ]
[ |

¥
| Generic API Translation |

Is OpenMP compiler available? e

No
‘(@) OpenMP Translation |

Task Scheduling Code Generation |

!

( Target Dependant Parallel Code ]
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mel based Design: H.263 CODEC
Programming @7

—7

Mapping rCICTran rCuSim ‘

] st S

H.263 Encoder in fractional rate for multi-channel DVR example

] Acherma Feace e M e

Frame Enceder in FRDF (fractional rate data flow) -
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()| H263 Encoder/decoder in extended SDF (FRDF) specification
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Application Clustering
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™ pisplay19

armszeejs_0

armS26ej-s_1
armozeejs_z
armozeej-s_3
™ H263FRENCIO
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" H263Dec2IZ

o
armozeet-s_1 5T

et
armozeej-s_2 <
armozsers s

< I

Clustering SDF nodes into CIC tasks to keep functional parallelism as
much as possible. (Note data parallel execution of a task in H.263
C decoder)
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Model to CIC Generation
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Arch. XML

~ H263Codec_CIC.xml (~/H263Codec... [ 0]

. CIC Task Files _

[B][=1%]

—

* H263FREncI0_arm926ej_s.../H263C. . E]@ < H263Dec2I3_arm926ej_s_1.cic.c (~/H263Ca. .

tendilj

bl versions"1.0™

HAKSIH
beast
name="arn92bej_s"
0

0x0
0x10000000

TRUE
DEFALILT

e s
1

00
0=10000000

TRUE
DEFALILT

aniZej s
2

00
0=10000000

TRUE
DEFALILT

aniZej s
3

~ HZB3FREncl0_arm926ej_s_.../HZG3C... g@}
— 1

~ H263FREncl0_arm926ej_s_.../H263C... [Z]@W
1

= H263FREncI0_arm926ej_s_.../H263C... [ [O|Ed

iH 263 Encoder'J
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= typedef struct comy
} complex:

<REncI0_arm326ej_s_3.cic

plex_data { double realy double imag:

" 11161, 30531C 1.1 Top

#ifdef H{_PROFILE
*(volatile unsigned *){(HN_PROFILER_BASE) + 4) = 43
tendif
#ifdef PROFILE
( heckBlockTine(H2530ec213_arnd26ej_s_1_task_info->task_id, 4)
1)

IendF
{

H.263 Decoder
with openmp pr'agma

output_757, output_ -
{ int deLuupCounter 41

omp_hopes shared(0P_800(99), made_798(99), CBP_79
9(99), Vﬂlndg_?‘ﬁ(%) UBlock_794(99), output_771{99), output_766|
{99), \'BlndL?‘B(Z"JB) mtmt?t.%(z')s))

#pragma static)
TedrLon opCounter_d1 = 03 sdfLospCounter_d41 < 99; sdflo
opCounter_d1++] {

#ifdef H{_PROFILE

¥(wolatile usigned *){(MX_PROFILER_BASE) + 4) = 5
1868.6 80

\_ "HeB3Codec_CIC,xml" 10031, 23317C 1,1

A

Generate CIC files from the clustered SDF graph automatically.
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CIC Mapping (Manual Mapping)

(Manual) Mapping }

3 =1
) schematicrizescones 0 e e e e e o
Func. | Platform | GraphGen [ Partition | CodeGen | Mapping | CIC Tran [ CoSim
P
Processor Configuration Processor Memory Information
i name Looal
OjarmS26ei_s 'j? A Region #0
1larmo26sj_s [ size : oxlooooooo
2|armezcei_s [} range : 0x0 - OxELLELEE
S|armo26ei_s [ Sharea
4larmo2eei_s ¢ [CIRegion #0
Slarmozeei_s [y si== : 0O=xlO000000
[O) tangs : 0x20000000 - OxZEEEEEEE
Target option
Target [rP_core [~]
OpentP mode [boast [~]
~Task
Sub Task | armazeej_s[0] | armazeej_s[1] | armazeej_s[z] | armsS36ej_s[3] | armazeej_s[4] | armaz6e)_s[5]
=l Task: H2ESFRENCIO (4 tasks)
armozee)_s_0 || ) || || ||
armo2ee)_s_1 = [ = = =
armozee]_s_2 ] =] ] ] ]
armez6e]_s_ S ] || ) || ||
=l Task: H2E3Dec2I3 (1 tasks)
armo26ei s 1 (| ) | | |
=1 Task: DisplayI2 (1 tasks)
armoz6e)_s_1 ] ) || || ||

Load XML || Sawe XML |

C Mapping CIC tasks into the target processing elements
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CIC Translation

CIC Translation

Target C codes ~

~ parade_omp_H263Dec2I3_arm926ej_s_1.c (... E]@

~ H263FREncl0_arm926ej_s_0.c (~/output)... E]@W

~ HZB3FREncl0_arm926ej_s_1.c (~/output)... [ [[O]E3) §
i — 1 §Dutput_782):(((irﬂ; o 133
=~ H263FREncl0_arm926ej_s_2.c (~/output)... E]@]-"W
1 parade_thread_shared_HZ63Dec2I3_arm326ej_s_1_go 0 _par_t_
= HZE3FREncl0_arm926ei_s_3.c (~/outpud... [- [0S shared:
[ ]
Einclude ™ t.h" parallelizel{parade_thread_main_H263DecZI3_arm326ej_s_1_go

_0. &_par_t_shared):
¥

4
auto int nunMacroBlocks=({176)%(144) )/ ((16)*(16) )2
?.ltn int k:

& - 1263 decoder
@ H.263 encoder (parallelized code)

-
T =Ry 97 P9~ Lof et
et TR Tkl Cnoda, 70010 ({501 FFant s )r(99) Yo=( 99 J2( { ((98I-(aFFaet
E el M L 13+(99) (99322 (LS~ (oFFset) )+ (F9))01)==(0) 1| | (R (made_798)+((
- iF (((98) - (of Feet) 1+ (990 )>=(980 )7 { {{98)—(ofFzet ) )+ (990)- (990 )1 ({ (98
' sodif e = Caffaet) 1+099)1) 1)=5(13) 31
Tdefine FALSE 0 reconBlock Intolmagelx_curr.y_curr,d,dy, {(umsigned char *)({{outp
e Pt UEY_7B0 )+ [ pravt_822)) data) ], {{output_7BL)+( (395)({(d)#(offsst)
LM 1+(31) ) )—>data, ((unsigned char &3 {C{outputy_7B0)+{outputy_B825))—>
datal). 176): @ 1o (8) @ .
. ; : reconBlock IntoImage (x_cure 3+ (8 u_curr, de, du, { (unsizned choe #
"} S rdef Ined (COMPLEX TATA) { Coutputy_780)+(preu 62211 >|:Iat.a)) {lontpit_ 761 )+( (395)-(( (4)*(0
struct complex_data { double real: double imag: ; com FRaet ) 1+(2070)- >d?ta umsigned chae %3(({output¥_780)1+{output¥_8
plex: 25} ) ->data)) 1760
"HZEZFREncIO_arm326ej_s_3.c" 1120L, 30568C 1,.0-1 Top e 1436 1 a0
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1 Prototyping

J

Cordigurnble mumber of hardmare intercupt bnes Prisote FIl bnes
- UL g
] = u
[ o -
ipheral imer )| ey || (O] ceu || || ey || | Comec
D Zer:g::ﬂ; _.[_.“”Eﬁg“” |_|INE§|‘J" wwwwwww ‘| |_‘ = H [
Dllm:de:n [
EEH. ! I S
. - - N .
: LI memory Ll memory LI memory LI memory
ez |LITLL{IL L] §
-
[
D = landD Coherence E
| = e Babitbus: control bus Snoop Cantral Unit {SCU) L
m = b s B
I_I\_II_II_I\_II_Il\_II_II_I |y
anrrﬁxlm Ol 2 A0 R
BB B

21

= HOPES project, SNU

| ol
‘m Design: X264 Encoder on CELL
Variable
Length
Coding /
File write
—
Init / Deblocking
File read ME g O Filter
i Fi e feedback port with index =
Frame Init T R
2% W array channel
MB Encode
5%
.| > (time)
™~
(ratio of v S
(QVGA) MB Analysis paralliaztion)
( 34%
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W X264 Encoder on CELL(2)

# CIC translator synthesizes wrapper automatically

Variable
Length

Coding /

File write

1a

Init /

. Enc 1
File read
1.2
1 -t
0.8
feedb:
06 -
0.4 -
0.2 -
D T T T T T T
1 2 3 4 g
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# Currently two ways of CIC generation are supported
e PeaCE models to CIC: FSM model to CIC is under development
 Manual specification of CIC tasks
e (Simulink Model to CIC, UML to CIC might be interesting)
# CIC model refinement
e X264 specification uncovers need of extensions.
e More examples will do the same
# Automatic mapping
e Currently considers functional and data parallelism only
= Will consider pipelining too
*# Virtual prototyping
= Will be developed as a TLM simulator that models the
communication architecture accurately.
e Debugging and monitoring features will be added

Cn) » Fast simulator based on virtual synchronization technique is
Under develgpment LI . . * = HOPES project,
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—\ﬁ Conclusion

* HOPES is a newly launched project to make a embedded
software development environment for MPSoCs
e Support of diverse models
e Target independent environment + target specific libraries
* Integration of software modules at various stages
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