Software
optimization for
the multi-core
architecture

with State of the
art Design Flow

July 11th 2016

RICOH

Imagine. change.

RICOH COMPANY, LTD.
Institute of ICT

Sadahiro Kimura



B Agenda

RICOH

imagine. change.

Motivation

Traditional Design Flow Issue
Our Vision

Outline

State-of-the-art Desigh Flow
Case Study - First Target
Analyze and Profile
Parallelize

Architecture Mapping

Result

Conclusion

Next Step



B Motivation RICOH

imagine. change.

B Keywords of the issues
® Commoditization of hardware platform
mIt is most important to make an excellent feature of the product
e Difficult software development of the multi-core platform
BOptimization and debugging is very difficult
®The time shortening of the development
BTime to Market is very important
®Quality of the development
m\We have limitations of manual partitioning and mapping

B We need to make the new design flow to solve them !

B We need to catch up state-of-the-art design flow !
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B Algorithm Development issues
®Algorithm design is separated from the system design
® Algorithm engineers do not consider system implementation
B Implementation and Optimization issues
®Manual porting of algorithms to target operating system
®Manual partitioning and mapping

Algorithm |

Manual Manual partitioning
porting and mapping

Library
Embedded Embedded
Windows OS OS

Hardware
Accelerator
Algorithm Software Porting Stage System Optimization Stage
Development Stage
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B Our Vision

®To make the seamless design flow from Algorithm design to system
implementation for multi-core architecture

B Our Scope

®Our scope is the entire hardware and software
ENow I'm trying to make software partitioning design flow for multi-core
mIt is important to divide the whole of software for multi-core
oIt should be including Operating System portion — This is the next step !

Final
Partitioning
Scope




B Outline e A,
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We tried to optimize the only software part at the first step
We tried to evaluate SILEXICA to optimize software part
We tried to use the JPEG Encoder as the first case study
We tried to divide JPEG Encoder into some processes

We got a result that was not expected

We were inspired by this result
And, we are considering the next step

Today’s
Partitioning
Scope
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B SILEXICA Designh Flow

Constraints &
Parallel Code Architectural
Model

SLX Mapper
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B State-of-the-Art Design Flow RICOH
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H CPN

Parallel Specification: CPN

- CPN: C for Process Networks -
- Intuitive parallel programming

- Basedon C
+ Processes in C

== | = =
- Channels support C types, = ———- | B—
| =T e -
structs, typedefs, ... i = =
BB e - ==r
= : =
__Eﬂkpn Amp __EHin{shart Al2]1) __Eﬂaut{short B[2]) __PNparam{int boost)
{
while (1)

_PHin{A} _FHD'IJt{B] {
for (int i = 0; i < 2; i++)
B[i] = A[i]*boost;

}

__ PNprocess AudiocAmpl

Amp _ PNin(C) __ PNout(F) __ PNparam(3);
__PNprocess AudiocAmp2

Amp  PNin(D) _ PNout(G) __ PNparam(10);
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B Generic JPEG Encoder algorithm
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B Case Study
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B JPEG Encoder condition

Number of line at C source code 1121 lines

Number of File

Size of the executable file
(Binary size)

B Input picture condition
®500pixel x 375pixcel
®RGB format image data

B SILEXICA version
®SLX Tool Suite 2016.1
®64bit Linux CentOS7

(without comment line)
6 files (including header file)

494 5K Bytes
(Result of SLX compiler)

500 pixel |

A

375 pixel
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® Call Graph of JPEG Encoder

< ReadOneline (284

Self Cost 19.22 ms (24%)
Total Cost 19.22 ms (24%)
File:sro/myJPEGS_2 _sre.c:552

46

|<> BLKBxS (4.608)

We found some hot spot of
JPEG Encoder Algorithm.

4 downsampleCbCr {192]

|<> getint (3]

Self Cost: 153 .75 ps {0%)
Total Cost 54.42 ms (70%)

File:sro/mylPEGS_2 _sre.c534

Self Cost 2.93 ms (5%)
Total Cost: 3.93 ms (S5%)
File:sro/myJPEGS_2 _sre.c 185

4,608

4,608

< CopyBlock (4,608)

L
< DCTcore (4,608)

= EncHUfT [4.608)

Self Cost: 7.02 ms (9%)
Total Cost: 7.03 ms (9%)
File:sre/myJPEGS_2 _srcc51C

Self Cost: 22 &4 ms (29%)
Total Cost: 22.64 ms (29%)
File:sr/myJPEGS_2 _srcc2 14

=..=-.=.._.—-=-

+ BoWnEsmplEChLr (18,
Self Cost 3 93 mos (5K}

W&ﬂ !!a.’!ll

Self Cost: 8 64 ms (11%)
Total Cost: 11.02 ms (14%)
File:sre/myJPEGS_2 _srcc404

118

T set_message.hex (1,

Self Cost: 2 86 ns [0%)
Total Cost 2.86 ns (0K}
e s Goelarecld

U =

Self Cost 77.82 ns (0%)
Total Cost: 77.83 ns (0%)
File:sro/myJPEGS_2 _src.cl74

We have focused here
as the first step

[+ Guant (2.608)

Self Cost: 12.47 ms (17%)
Total Cost: 12.47 ms (17%)
File:sre/myJPEGS_2 _srcc34S

e |nn1l;ie\'\fork.|@lmh'.
Self Cost 6.28 ns (0K)

Total Cost 52,16 ws (0%}
G8.2.81CC157)

& wineJPEG. trader (1)
Self Cost O ps (0K}
Totah Cost 29,13 ns {0x]
| File sremormatiPGS. 2 sreed3 ]

1
LI 1! !
WL
™, \
[ \-\\\\

NN -

I Y § ‘5—E‘-_Eér

2 4 gebint [3)
= Self Coat 77 B3 1 (OK)

— .
& fth b (1) ) & set_mestage_imw (2]

e Cosk 11,9 s (O%) Seif Cont 137 11 na

~. ==
4 wetite_JPEG_header (1 - s.er_muuge mtt‘a}

4 4et_metcage_sir (59) & SetGuantTable (2]

-
b 16
Seif Coit O pa (0K)

& ppeg_make_c_defived toi:
Self Cost 14 28 na (O8] Self Cost, 168 53 s (0K) Se¥f Cosk 537 s (0] Sei Cont. 46,81 3 (O8] Self Cost 20 81 m (0}
'ﬂﬂms. A2 s Toesl Cost 3,92 ms [5X) Total Cost- 77.03 ns (0X) Total Cost 59,04 ng [0K) Total Cost 13711 i] Total Cost 21.91 us (0K} Total Cost: 14.20 ng [0%) Total Cost 168.52 ns (0X) Tedal Cost 532 ps (0%) Total Cost: 46,01 us (O8] Total Cost 20,61 nd [0%]
File srefmyBEGS. 3 gre e 108 Wil g1 i DEGE. 3 wre e 174 Wi g2 ey IDEGS. T ere £ 305 File w ey IDE weels Fil 5.3 sreed]) File s ey IPEGE_ et _ure 8 Pl s e DG et gre £ 4 Fite wrefrery IPEGE .3 _sre € 52| Filn wr ey IPEGS. T ere e TH | File sre/my PEGS. 3 _wree 6
— J — o ——
460t _'_m_'“——-——-________ T 1 T
_1_ . — - =
| o DCTeare (4.608) | i ENcHUTT (4.608) | Gt (4,60 8) | = UpdateDC [4,497) [# wrte_frame_neader (1 | | & wiile-fie_header (1 |
Self Cost 27 64 m3 (29K} | Seif Cost B.64 my (11K} Seif Cost 13 47 ms (17%) Seif Cost 105 Self Cost B ns (0K} Self Cost: 0 ps (0K) | Sedf Cest O ps (0%)
Total Cast 22,64 ma (29%) Totat Cast 11,02 m4 [14%) Toksl Cost 13.47 me [17%) Tokal PO s (o) Total Cost 7.54 us (0%) Total Cost 207,34 s (0K | Tetal Cost: 14.00 us [0%)
FllesrefmyIPEGS. 3 sree? 14 |Filesre/my)PEGS .2 _srec404) \Fie-srgmyiPEGS. 2 sre e ads WPEGS. 2 SIEE503, - SreformatiPGs . 2 sre £305 FilesrefformatipGS. 3 sre e 14] Fie SrC¥OrmBtIPGS 3 are 405
el B P B
R i ~,
¥ _‘*‘““a \\
pumm———— _ T~ N
P PR

= il bils (36, 155) [F et (2] | [F it appo (1} | + ewi sl (1)

Self Cost 2.22 ms (25) Setf Cost: 5.43 s (0%) Se Cost: O ps [0%) Self Cost 6.28 n3 (0%) Sedf Cost 8,18 us [0%) Seif Cost ©ps [0%)

Total Cost 2.38 ms (3X) Total Cost: 7.26 s (0K) Tetal Cost 25821 ns (X)) Total Cost: 277.63 ns (0X] Total Cost 1389 s (9X) Total Cost 193.09 ns (OX)

File:srgmuPECE 2 sroclEel FllesrgformatiPGE 2 srec22E] 5.2 sreci8l) File:srgfermatiPGe 2 srecé? Fite:sreformatiPGE 2 srec3ad Fibe:sreformatiPGE 2 srec3E€

ot spo = — =
. . T
e Ry I~ h
\\ ~— s \1\\ -
., emit. zmwu il3]
.

|Sercostvigensfom) |
Total Cost 4233 ns (0K)
Flld seelforMatIPGS. 2 srec 167)

Sedf Cost 3142 ns [9%)
Tetal Cost 320 48 ns (0%)
Pl rCTormALIPGE 2 ree 174

x\ /'

- emit.byte (12,62
Self Cast 165,93 e (0K}

Total Cost: 165,92 us (0X)
| File:srefmyIPEGE. T srec 717
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B First Trial — CPN code

® Divide JPEG Encoder into 2 processes

I
+ set_message_hex(1)
Self Cost: 2.86 ns (0%)

Total Cost: 2.86 ns (0%)
File:src/myJPEG_ext srccld

[( Alush_bits (1)

—
b iﬁﬁ\ﬂ “,SO!‘

elf Cost: 153.75 s (0X)

flush_bits (1)
Self Cost 11.9 ns (0K)

[+ ResatneLine [:
[Seircost 19,33 m (240

‘ downsampleCbCr [192]
Self Cost 2.93 ms (S%)

* set_message_intw (24] | Twr

Self Cost 137,11 ns (0%)

- 77.82 ns (OK)

Totat Cost 19.23 ms [24%) Tots Cost S4.42 ms (70%) Total Cost: 3.93 ms (5¥) 77 83 ns (0%) Total Cost: 99.88 ns (0K) Total Cost: 137.11 ns (0X) Total
Filw srcfmy PGS 3 wre c 583 PEGS.2_srccS3d File:sre/myJPEGS.2.srcc 185 5.2.51c.c174) File:sr/myJPEGS .2 .src.c395 File:sro/myJPEG _ext.src.c 15 Files

460"
| CopyBiock [4,608) | [+ peTeie Plkpn source ite_frame _neader (1
Self Cast 703 ms (9%) | |Sercest 221 ou Zost 8 ns (O%)
Tetal Cost: 7.03 ms (%) | Total Cost 22 Cost 7.54 ps (0%)
File: sromyIPEGS. 2 . are £S5 10) | File:srefmmyIPe ) refformatIPGS_2 _sre £30€)

initializeVorkspace();

1_Plout(8izeYPaddinz. SizeX, SizeY)

59 ns {0%)

3.3 ns (0%)
JPG5.2.5rcc167)

SizeYPadding=imageSizeYPadding;
SizeX = imageSizeX;
SizeY = imageSizeY;

for (i = 0; i < imageSizeYPadding;)

nioui (v, cb, ¢r)
ou » » r
o

ii =0;

ReadOneLine(fpImage, i++, &Y[0],
ReadOneLine(fpImage, i++, &Y[0]
downsanp | eCbCr (i, &Gb[01, &crl0],
f?r (ii = 15 ii < DCTSIZE; ii++)

ReadOneLine(fpInage, i++, &Y
ReadOneLine(fpInage, it++, &Y
downsanpleCbCr (i, &Cb[0], &C

= —r—

>_Pll:pn sink

__PHin(int SizeYPadding, int SizeX, int SizeY)
__PHin( UCIlM! YlCOEF _BUF_SIZE Y = 2].

CHAR Cb[COEF _BUF_S1Z CR1,

UGHAR Cr [COEF BUF SIZE OBOR] )

PHin(SizeYPadding, SizeX, SizeY)

local _imageSizeYPadding = SizeYPadding; Z

local _SizeX = SizeX; —

local _SizeY = SizeY; I~
initializeVorkspace(); 1 iﬂﬁt:f%ﬂafﬁ;

{File sre/my PEGS_ 3 _vrec 76

write_JPEG_header();
Qnr (i =07 i < local_imageSizeYPadding;)

f{er (ii = 0; ii < DCTSIZE; ii++)

i+4;
i++;

PHin(Y, Cb, Cr)

?or (J =05 j < imageSizeX; j += DCTSIZE = 2)
int nC = (j + DCTSIZE >= imageSizeX);

BLKﬂxB(&V ]]. o, &DCY. &sl 0);
BLK8x8(&Y[j + DCISIZE], 0 &DOy. istate nO
BLK8x8 &Y J + DCTSIZE + MAX YIDTHI, 0, &DCy, &state, nR);
BLK8x8 (& + DCTSIZE = (IAY IIAGE l[BTH + l)] 0. &DCy, &state, nC + nR);
BLK8x8 (&Cb > 1], 1, &DCcb, &state, 0 ;

BLKB!B(&Gr[l > 11, 1, &DCcr, &state, 0);
}

flush_bits(&state);
write_JPEG_trailer();

fclose(fpdPG);

12
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B First Trial — Execution time
®Estimate execution time by ARM CA9 architecture model

Cr

SizeYPad

SizeX

SizeY

p2

Execution time (ms)
%] rJ rJ L

= W
B om M O®m O B R & D

(=]

Profiler: Estimated Execution Time

13.79ms

< ¥
Process Name

| ARM_CORTEX_AS (1000 MHz)

13
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B Mapping to Pandaboard

Platform Overview: Processor Mame | gpp0 nﬁﬂ;’:ﬁﬂr

s s
USB 2 0TG Sl

MIPI™ Cs)-2 B Camera

Frequency 1868 MIPI™ CS|-2 M3  Sub camera

~ ¥ PandaBoard - WiLink™ OMAP4470
Core Type | ARM_CORTEX_A9 wireless
= W Processors connectivity ARM® ARM® VA3
H gpp0 - ARM_CORTEX_AD Core Descnption cl?'l%ﬁ:e“ M““'AQ al;l:;d::tr;
gppl - ARM_CORTEX_AS Max. ILP @ POWERVR™ SGX544
£ graphics accelerator S5
= N Memories i
Context Load Time | 280 Shared memory controller/DMA

B shared_mem
Context Store Time 288

« W CommPrimitives Timers, Interrupt controller, mailbox

Boot/secure ROM

pandaboard £

Overvoltage LED g P SYSBOOT3 Switch

a M-Shield™ Security Technology: SHA-1/MD5,
N DES/3DES, RNG, AES, PKA, secure WDT, keys
58
e FIFD Display
59 REF/GLK eMMC/MMC/SD HDMI™ controller
F Q kS P”U“LV parallel-serial
g 57 (] n 0] ' HF Speakers
- F .
E E gé RoundRobinF xed cD?sSI(M MMElﬂSB ¥ e pondent
= - [P ReundRobinDynamic e S micropnone
a - @2 HD
& -| Q television
o
g Watt
3
& § Watt
nd g
E § g Watt
Q3 w
2 £ 1
& 5 ne Rizse Time Fall Time Switch Time Frequency Rati Power Ratio | Add
© oweraff 13.0us 0.0us 300.0ns a8 B.a
Delets
= 0.25 3.95us 97 Z6us 300.0ns B.2% B.25
8o
§ §§ 0.5 2.87us A5 7 us 300.0ns 8.5 B.42
232
a 075 1.63us 18 65us 300.0ns B.75 i.64

At OMAP4460 OMAP4460
HDMI (P2) Parallel D55 +
Dual Audio DC input 2X USB Host (J9) DVI (P1)

Jack (J16) Jack (P3)




B Architecture Mapping
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B Mapping condition

®Condition A - typical
BMapping the two processes into one CPU

eCondition B
mMapping the two processes into two CPU

15



B Result
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B First condition

Execution time (ms)

=

_ e Red ket R kM B W
B W @ W & W &

Mapping Analysis: Configuration History

Condition A

68.77 ms

Condition B

55.37 ms

15-09-42
1016-06-87
Results

15-09-57
2016-96-87

Performance improvement by parallelization was 20%

16



B Parallelize e
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B Second Trial = CPN
e®Divide JPEG Encoder into 5 processes

Sizad
SizevPadding

20 61 s (0K}
5t 20.61 ng (O]

Total Cost 19.23 ms [24%)
File sro/myIPERS. 7. wre ¢ S8

ec! : 1
e
L6l 4,608 —

- EncHuff (4.608)

N CTeeie (.608) P

SeN Cost 703 ma (9%) S Self Cost B.64 ms (11%)
Total Cest: .00 ms (%) ccl T G4 ms [29%) Total Cost: 11.02 ms (14%)
g G5.2.3rec214 File:srdmyJPEGS -2 _srccd0d

118; - e e —
50T 1
N —_— e — -
& wmil il (36, 155) F it (3] | ] | + ewi sl (1) -
Self Cost 2,22 ms (2%} Self Cost 5.43 s (0K} Seif Cost O ps [0%) Self Cost €.28 ns (0] Seif Cost O ps (0%
Tutal Cost: .38 ms (3X) Tutal Cost: 7.6 ws (0K} Total Cost 258.21 ns {98} Total Cost: 277,63 ns (%) 1 Tetal Cost: 193.08 ns (0%)
Fite s

Flle:srgformatiPGE 2 sree22E] File:srgfermatiPoE 2 srec2éd maUBGE 3 srec3SE

—
S o

File sramyIPECS. 2 srec26E) 5.3 srec 18y
- < o
-

. T e
-

\\\\ ‘ﬂ‘-"“-.__‘ /’:j ,'// ;Ahh)‘_ ~
.

——
emit_marker (117
Sedf Cost 3142 ns [9%)
Tetal Cost 320 48 ns (0%)

Pl rCTormALIPGE 2 ree 174

Seif Cost D16 ns [O)
Total Cost: 423 3 s (0K}
Fibe sraor matPGS. 2

S, = [ P - —

ETH

Focus to BLK8x8 function ——

Self Cast 165,93 e (0K}
Total Cost: 165,92 us (0X)
ey PEGS. 3 sre e T17,

17



B Parallelize
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B Second Trial - Execution time

®Estimate execution time by ARM CA9 architecture model

Execution time (ms)

24

P
[T - =

L T -+ « |

Profiler: Estimated Execution Time

Process Name

[ | ARM_CORTEX_AZ (1000 MHz)

18



B Architecture Mapping
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B Mapping condition

®Condition C - Mapping to Pandaboard

EMapping the two processes

into two CPU by SLX automatically

®Condition D — Mapping to 16 core ARM architecture
mMapping each processes into a CPU by manual

19



B Result
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B Second Trial

Condition C

57.75 ms

15-41-37

Mapping Analysis: Configuration History

Condition D

There is no effect of parallelization

15-43-30
2016-06-18 2816-086-10
Results

®|®| ==
g [e— s|=e|e|=
o= || & Rk
— ele|e|e
8| ===

20



B Parallelize
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B Third Trial — CPN

®Divide JPEG Encoder into 14 processes

)=

Ty Gesa)

S
&

L

e ———— e
B

4 gebint [3) =
2 = [ Setf Coat 77 83 rix [0X)
Total Cest 19.23 ms (24%) - bl bl
Fil srchmy IPE0S 3 e ¢ 553 -t Dl .o : =

= umm:a.u;J | [7 BTmie (auon) = Enra (4 568

Gt 4,00

Selif Cost 703 ms [5%) Self Cost 27 64 m3 (29K} Self Cost B 64 ms (11%) SEif Cost 13,47 ms (17%)
Tetal Cest: 7,00 ms (#%) Total Cast 22,64 ma (29%) Total Cost 11,02 m4 {14%) Totai Cost 13.47 ma (L7%)
File sromyIPEGS. 2. sreeS10 File:srolmmyIPEGS. 3 sree? 14, | File:srejmylPEGS .2 5 S/MYIPEGS . 2. Mcc34E

1okl ) \_:k e ______.I——-‘_"__ S~ \

“ettina) N\ — — T—
e Uiy (36,1 e (3} + el (1)
Self Cost 2%} Setf Cost: 5.43 s (0%) Sedf Cost O ps (%) Self Cost €.28 ns (0]
Total PI8 ms (3X) Total Cost: 7.26 s (0K) Tetal Cost 25821 ns (X)) Total Cosk 277.63 ns (0X)
Fil PEGE. 2 sroclEE) File-sreformatiPGE_2 _srec22E] File: GE_3_sreclfl File:srgfermatiPGe 2 srecé?

- — —_—— —L =

" - =
. S T /L-h .
S T P -

L

Focus to Quantization function

S, = [ P —

Seif Cost D16 ns [O)
Total Cost: 423 3 s (0K}
Fibe sraor matPGS. 2

& emit.byte (12,62
Self Cast 165,93 e (0K}
T

Cost 165.93 s (0]

oy IPEGS. 3 srec 717

[ p——

= wmit bt {43

Seif Cost 8.18 s [08)
Total Cost 1389 s (9X)
Fite:sroformatiBCE 2 srec3dd

—
S o

——
emit_marker (117
Sedf Cost 3142 ns [9%)
Tetal Cost 320 48 ns (0%)

Pl rCTormALIPGE 2 ree 174

Seif Cost: O ps (0]
Total Cost 193.09 ns (OX)
maUBGE 3 srec3SE

ce (1]

(0%}
s {0}
-SICC 157

1
rivea_tol s

(0%}
= (%)
_Stec TH

Fammcan Y

Self Coat 20 61 s (0K}
Total Cost 20,61 nd [0%]
File srelmy|PEGS._ 3 _vre e 36

21




B Parallelize
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B Third Trial - Execution time
®Estimate execution time by ARM CA9 architecture model

Profiler: Estimated Execution Time

Process Name

[ | ARM_CORTEX_AZ (1000 MHz)

22



B Architecture Mapping
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B Mapping condition

®Condition E — Mapping to 16 core ARM architecture
mMapping each processes into a CPU by SLX automatically
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B Result rRICOH
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B Comparison in all conditions

Execution Time - mSec

80

70

68.77

60

. 55.37 B 56.93 54.80

o - |@= - ._; . ‘_i .
40 ( : :: — s
s|e sle|e|s
30 s|®|®| = ™ “i _’_ '
= = o|o|n]e
l?ﬂ ----- | ----- ‘ l -' I‘
20 - e‘»n;-::’,.... | [@m w T e T ?
'_e-._nu:-!—::-- | E]. — = o
10 C— LI NIE IR
0

Condition A Condition B Condition C Condition D Condition E



B Conclusion RICOH
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B We tried to optimize the JPEG Encoder at the first step
®\We use SILEXICA tool
®To make the CPN is little difficult

®SILEXICA is still semi-automatic flow
mNeed the automatic generation of the CPN

B We need some division strategy for optimization
®There is a trade-off of division and communication between processes

®We need the early architecture analysis with using virtual platform
BWe can get the image of strategy for optimization

B We can feel the limitation of commoditization
®Hardware platform also important

25



B Next Step RICOH
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B Tool-based Architecture Analysis and Optimization

®Fusion of tools — SILEXCIA and Virtual platform technology
mAnNalysis architecture for performance by HW and SW co-design

siLEXICAMEE !, ) | ]

\ =
Software

Library < € £ &

L. / ‘ Application Workload Model

|nUX < DDR H

: ] - Embedded multi-core OS
\Windows —

PCle

GMAC

Multi-Processor SoC Platform Model

Algorithm Architecture Analysis Implementation Stage
Development Stage and Optimization Stage

Algorithm |[\Workload _ Partitioning
Generator /5 = =S =

Hardware
Accelerator
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