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I Waseda Alumni: Contribution for International Academic Societies

Toshio FUKUDA Aiji TANAKA Hironori KASAHARA

The University Pro' essor Waseda,
Waseda Alumnus, Prof. Emeritus

President Senior Executive Vice President
Nagoya Univ., Prof. Meijo Univ. International Political IEEE Computer Society President
IEEE President 2020. The first Science Association (IPSA) 2018. The first president from
from Asia in 135 years history. President 2016 outside USA and Canada in 72
IEEE has 420,000 members. years CS history. CS has 84,000

members from, 168 countries.

Tetsuya OSAKA Hiroyuki NISHIDE Shuichi FURUYA

;

atl) A0
The Electrochemistry Society, Federation of Asian Polymer A member of United Nations
President 2013-2014 Societies, President Human Rights Committee

Q Waseda University



IEEE CS (19464 8%3L)724F DER D
IEEE Computer Soc1ety hTHIH T, LRI D SR EISE

Bjarne Stroustrup: Morgan Stanley & Columbia Univ.

2018 IEEE Computer Society Computer Pioneer Award
IEEE COMPSAC2018 Keynote & Award Ceremony

July 26, 2018, Keynote,
Hitotsubashi Hall

July 25,2018 Award Ceremony
Rihga Royal Hotel Tokyo
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and computer society, | have 3

*480 chapters
*168 countries

*31 technical
committees
) & councils
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June BoG Award Dinner
with CS Award Winners and

their Families, Phoenix
Computer

*“‘" 9
Pioneer Award b2

to C++ Bjarne || B Ramakrishna
Stroustrup in Rau Award in

COMPSAC, MICRO,
Tokyo Fukuoka

Technical
Achievement
Award, in

COMPSAC,
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OLECULAR SIMULATIONS
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IPSJ Leaders, Marc,
IPSJ Convention, Tokyo Korea(KIISE) in March,
Japanese Government Symp.

Okawa Foundation, CS Japan
Chapter, Multicore STC &

Japan (IPSJ), China(CCF),

Waseda U., Tokyo

MoU with UN ITU
in Al for Good,

May, Geneva

v Tencent-Waseda University Technical Tour

) Tencen i 20

o | mm
(3 compurer
5| socery

i
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@ BEAE
and computer society, | have 3 CCF *m ;‘ ﬁ"‘
new executive director, MS meny c'? @ "Vr

cad ot S T China National Computer ¢ Cong_ress

With i'd be complete siding,
please, God, do |, Madison and

EEE T RARR
HEtE, HftAgreentZEAL

MoU with Baidu, July,
Green Comp. C., Tokyo

CCF China National Computer
Congress, Oct. , Hangzhou

| IEEE CS China Office KQH“’EPEH%___

moderated Tencent- \ b o
Waseda Univ. Joint Russian Academy of Science:

Symposium, Nov., Russian Computer Science 70th
Waseda U., Tokyo Anniversary, Nov., Moscow




Multicores for Performance and Low Power

Power consumption is one of the biggest problems for performance
scaling from smartphones to cloud servers and supercomputers

(“K” more than 10MW) .

. e PR TSR SELHEE E RV E LA R EE TR G TRIFRETN -8

RAM TS |

ore#

H C
: m
|

“ DDRPAD

IEEE ISSCCO08: Paper No. 4.5,
ML.ITO, ... and H. Kasahara,
“An 8640 MIPS SoC with
Independent Power-off Control of 8
CPUs and 8 RAMs by an Automatic
Parallelizing Compiler”

Power o< Frequency * Voltage?
(Voltage < Frequency)

mm) Power < Frequency3

If Frequency is reduced to 1/4
(Ex. 4GHz->1GHz),
Power i1s reduced to 1/64 and
Performance falls down to 1/4 .
<Multicores>
If 8cores are integrated on a chip,
Power is still 1/8 and
Performance becomes 2 times.




Parallel Soft is important for scalable

performance of multicore (Lcpc2015)

> Just more cores don’t give us speedup

> Development cost and period of parallel software
are getting a bottleneck of development of
embedded systems, eg. IoT, Automobile

Earthquake wave propagation simulation GMS developed by National

Research Institﬁe for_Earth Science and DlS ter Res1llice (NIED
original Lsun stu |-::|:| prop |:|5E d m Eth od Fjitsu M9000 SPARC

Multicore Server

speedup with
128 cores (slow-
downed against

1pe 32pe 6dpe 128pe | Lcore)

L

= 250 711.0 OSCAR
- Compiler gives

2 us 211 times
.E E 200 speedup with
Eﬂ'n = 128 cores
" 9 1o

A
® E
e
(= E 100 Commercial
? E’ compiler gives
&, 50 us 0.9 times
2 B
m - —

=

Q

»  Automatic parallelizing compiler available on the market gave us no speedup against execution time on 1 core on 64 cores
»  Execution time with 128 cores was slower than 1 core (0.9 times speedup)
» Advanced OSCAR parallelizing compiler gave us 211 times speedup with 128cores against execution time with 1 core
using commercial compiler
» OSCAR compiler gave us 2.1 times speedup on 1 core against commercial compiler by global cache optimization




Earliest Executable Condition Analysis for Coarse
Grain Tasks (Macro-tasks)

Data Dependency
""""""" Control flow
) Conditional branch

BPA Block of Psuedo
Assignment Statements ? O

RB Repetition Block
7 """"""" ’ RB
’ o
BPA" I;B
15 FPA 7 !?B éB" I
o, 15
........... - L 112
Data dependency

) e Extended control dependency .
O Conditional branch . {3
— OR e
13 :RB —~ AND 14

“ rB > Original control flow

L A Macro Flow Graph
Y A Macro Task

Graph
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NEDOUTZ I AA LIBHRRERATIVFIATFVT - TEDHF
http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html

| sramianyiinam (FK20E4d 10A)
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4 core multicore RP1(2007), 8 core multicore RP2 (2008)
and 15 core Heterogeneous multicore RPX (2010)
developed in NEDO Projects with Hitachi and Renesas

RP-1 (188CC2007 #5.3)

RP-2(1S5CC2008 #4.5)

RP-X(1S5CC2010 #5.3)

DAA

¥
-
SNC

2
g
@
£
a
F
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L] ore) |
{| Core2

acre=3 || -
. ® m

O0nm, 8-layer, triple-Vth, CMOS

G0nm, 8-ayer, triple-Vth, CMOS

45nm, B-taver, trple-Vth, CMOS

97 6mm? (988 x 9.88mm)

1048 mm? (10,61 x 3,88 mm)

1538 mmt (124 X124 mm)

1.0V (intemal), 1.8/3.3V {10}

1.0-1.4V (internal), 1.83.3V {10)

1.0-1.2V (intemal), 1.2-3.3V (I10)

G00MHz 4.32 GIPS, 168 GFLOPS

G0OMHz , 8.64 GIPS, 336 GFLOPS

648MHz, 13.7GIPS, 115GOPS, 36 2GFLOPS

114 GOPSIW (320431)

18.3 GOPSIW (3204837 )

I IGOPSW (320H %)
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Automatic processor assignment in 103.su2cor

« Using 14 processors

Coarse grain parallelization within DO400

SWEEP
. LOOPS
Main N
]
. /! 14] : . I
E " E ‘I ------ .. E x - E
2 [ |[rel} {{ CORR i SB
N | H ,' s ,‘,' RB
RB RB| V| ——l /| ——F" ! DO RB|| |RB| |RB| [||RB
: 1 E[’{' ," 900 po|| |po| [po
: 1 |[RB : ; ~] ||a00|| [400| |4a0o| | LRE
) R
E \ E \ SB L - [1,14]'\_! \ E
il rowyes W B I P | (1141 [,14] (1,140
1495 1se \ N R 2t
[1.14] H e & \ Triply nested loop ,
1_:_ '-.....‘.' \\ [1,14]
[1,14] "-.-.--..:‘

Nra, Nre = [PG,PE]

INT4V

[7.1]

13



MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA ALD =4.3

,m-‘-h

mm DOALL pgg Sequential LOOP [ —SB g BB 14



Data-Localization: Loop Aligned Decomposition

* Decompose multiple loop (Doall and Seq) into CARs and LLRs
considering inter-loop data dependence.

— Most data in LR can be passed through L. M.
— LR: Localizable Region, CAR: Commonly Accessed Region

(LR ) ) Y LR )

N 4 4

C RB1(Doall)
DO I=1,101

CAR LR CAR

A(l)=2*
ENDDO

DO 1=1,33

DO 1=34,35

DO 1=36,66

DO 1=67,68

DO 1=69,101

C RB2(Doseq)
DO 1=1,100
B(1)=B(I-1)
+A(1)+A(I+1)
ENDDO

DO I=1,33

RB3(Doall)
DO 1=2,100
C()=B(I)+B(I-1)
ENDDO
C

DO 1=34,34

DO |=2,34

o

4

Z\

DO [=35,66

N

N\

v

DO 1=35,67

DO |=67,67

o

4

-

g

DO 1=68,100

— |

J

DO 1=68,100

\-

/
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Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
vVCo VC1 main_VCO0() { main_VC1() {

#pragma oscar fvcontrol ¥

(((OSCAR_CPU(),O))

#pragma oscar fvcontrol ¥
(1,(OSCAR _ CPU(),IOO)N




T ILF TS5 YR TA—LOSCAR API: e.g. Renesas, arm, Infineon, Intel, IBM, AMD

=) ! 2012.4257L &ZAY1y—=z | APl: Application Programming Interface
ji@ikc or Fojrotran 254188 RED=TZRINTAS=TFTR 145t
T r—30705 5, - s,
(RS, C B, 5, B et 8D ) b?‘-:l?&tﬁ} 37 FOSCARAPI 3KF
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A 3L SMPJ L —k+—/\ BS500:
Xeon E7-8890 V3(2.5GHz 18core/chip) x8 chip Ef144cores

Speed up ratios
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Parallelization of Dose calculation

Environment

*  HPCT W210s

CPU: Intel(R) Xeon(R) CPU E5-2699
v3 2.30GHz Turbo-boost OFF (18 X 2
core)

MEM: DDR4-2133(16GB) X 7
gfortran v5.4.0

00
o

~
o

(o2}
o

v
o

M original

W oscar

speed-up ratio
w H
o o

N
o

[
o

o

1pe 36pe

Seqguential execution by OSCAR run 3.8x faster than original sequential
execution.

Parallel execution by OSCAR using 36 cores run 69.3x faster than original
sequential execution.



Parallelization of 3D-FFT for New

Magnetic Material Computation on
Hitachi SR16000 Power7 CC-Numa Server

FFT size 256x256x256 120 x

120

[ qu_glnal B OSCAR optimization
100 -
% 80
O
60

3 =

o 40

9 20 1695

0 ;
1 32 64

OSCAR optimization

* reducing number of data transpose with interchange,
code motion and loop fusion



Engine Control by multicore with Denso

Though so far parallel processing of the engine control on
multicore has been very difficult, Denso and Waseda succeeded
1.95 times speedup on 2core V850 multicore processor.

» Hard real-time automobile

engine control by multicore
using local memories

> Millions of lines C codes 1.95
consisting conditional '
branches and basic blocks

O@H& (R as v oo [ ] Bwld o REEE
ﬂr'ﬁ '?b_"'
wEED =
o f% L o
5 B0 & 0 EfllE=I.l. 0 m
4 e e ECU{T}b | : .Q,
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- :} i 1 core 2 cores —
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Macro Task Fusion for Static Task Scheduling

— : Data Dependency

---- : Control Flow
O : Conditional Branch Merged block

Only data dependency

Fuse branches and [ F[{m]{[ ]
( succeeded tasks ] - IEI!)E:HI ?Im‘:l{q
oy
; [sh2 | [+hd |
ren
’ emtb
emih
MFG of sample program MFG of sample program MTG of sample program

before maro task fusion after macro task fusion after macro task fusion




MTG of Crankshaft Program Using Inline
Expansion
I N

)
i
i

subroutine block

\ - basic block
sb8 | [sb9 | [sh10] [sb16] sbas | E;E sbA | [sb3 | [sb7 | [sb20] |:| task fusion block

Critical Path(CP)

CP accounts for 517 @] l, Critical Path(CP)
A

about 99% of whole o CP accounts for
execution time. about 90% of whole
execution time.

Eb‘ﬂ subroutine block —

MTG of crankshaft program
before restructuring E3

Not enough coarse grain parallelism yet!




3.2 Restructuring: Duplicating If-statements

I O
O Duphcatmgﬁ-statements is effective

O To increase coarse grain parallelism
O Duplicates fused tasks having inner parallelism

[ Improves coarse grain parallelism ]

Funcl depends on func3

N
F]m‘kq F]m:k-q *Iuckq
o W
emits

emt

after duplicating

before duplicating if-statements if-statements




MTG of Crankshaft Program Using Inline
Expansion and Duplicating If-statements

I D e e
CP accounts for over
99% of whole
execution time.

subroutine block

- basic block
'EE"W'-"- l:l task fusion block

l,CriticaI Path(CP)

-
CP accounts for )

about 60% of whole
execution time.

R /

E”‘ﬂ subroutine block
- basic block

|:| task fusion block

MTG of crankshaft program before restructuring

0 Succeed to reduce CP
0 99% -> 60%

MTG of crankshaft program after restructuring

Successfully increased coarse grain parallelism




Abbreviations :

Infineon AURIX = seme

DSPR: Data Scratch-Pad RAM
PSPR: Program Scratch-Pad RAM
BROM: Boot ROM
PFlash: Program Flash
I DFlash: Data Flash (EEEPROM)
: SRI Slave Interface
: SRI Master Interface
) System Peripheral Bus (SPB)
< m—
Checker Core U J\ l
FPU L~ | FPU L~ | LmMmu
PMI DMI PMI DMI 32 KB
32 KB PSPR Tg;.ﬁ“P 120KB DSPR 32 KB PSPR TCF;I '62P 120KB DSPR daiss
16 KB PCACHE Lockytep 8 KB DCACHE 168 KB PCACHHE c U 8 KB DCACHE EMEM
I WS I I M/'S I I M/S I I Wws I I S I
) SRI Cross Bar Interconnect| |(XBar_SRI) ﬂ .
S {1 ,)| XBAR
44 L Checker Core 4 L U U *\l ‘
[Cws ] FPU [Cws ] [ TT =TT =1
PM' DMI DFIaSh PFlasho PFlashl E.."."." . ---------------------------------:
i ng.t?OE 112KB DePR 3;?:4H§13 2> MB ome |, i Seg 10 (0xA): Non-Cached
G s Lockstep ‘:I)I)::zaac:'l(s DF_—UCB E Seg 8 (OXS): CaChed
BROM YEiEEEEEEEEEpEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
= 1 PMUO [ ‘
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Macrotask Graph, Dependence
details and schedules
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Automatic Parallelization of an Engine Control
C Program with 400 thousands lines on
AUTOSAR on 2 cores of Infineon AURIX TC277

> Original sequential execution time on 1 core: 145500 cycles

> Sequential execution time by OSCAR on 1 core:29700 cycles
> 4.9 times speedup on 1 core against orllc_unal execution by OSCAR
Compilers automatic data allocation for local scratch pad memory, flush
memory modules

> 2 core execution by OSCAR Compiler:16400 cycles

> 1.81 times speedup with 2 core against 1 core execution with
OSCAR Compiler

> 8.7 times speedup against original sequential execution.

MTG - 16ms

EEISSIMNE I OSCAR 1 Core execution O &nal code 1 Core execy

OSCAR 2 Core execution(data mapped)




3.00

2.50

2.00

1.50

1.00

0.50

Average Power Consumption[W]

0.00

Power for 3cores was reduced to 1/5~1/7 against without software power control

Automatic Power Reduction on
ARM CortexA9 with Android

http://www.youtube.com/channel /UCS43INYEIKCS8i KIgFZYQBQ

ODROID X2

Samsung Exynos4412 Prime, ARM Cortex-A9 Quad core
1.7GHz~0.2GHz, used by Samsung's Galaxy S3

11 core ]2 cores 3 cores
k1,264 decoder & Optical Flow (on 3 cores)
2.23
-79.29 N\
1.69
— 1.50 \
107 - 86.5%
: 0.95 (1/7)
. 0.5 0.51 = - DO.770 0,72
Twer e (1/3) g 303
(1/2) B
1 2 3 1 2 3 1 2 3 1 2 3
without power control with power control without power control with power control
H.264 Optical flow

Power for 3cores was reduced to 1/2~1/3 against ordinary 1core execution

30



Automatic Power Reuction on Intel Haswell

decoder & Optical Flow (3cores)

| H81M-A, Intel Core i7 4770k
ST v = o . Quad core, 3.5GHz~0.8GHz

1 core 2 cores 3 cores
B L 41.%

36.59

4

-‘3-30.00 29.06/ _70.1% 29.29
' 1/3

£25.00 ?& /

3 ~ 457.9%

S <. 2/547.37 .
& 15.00 \\\ 1% —__ | 67.2% \“
12.21% g g0

510.00 \\ 1/3)
% 500 ~ T~ _
g 0.00 1 2 3 1 2 3 1 2 3 1 2 3

without power control‘ with power control |without power control| with power control

H.264 Optical flow

Power for 3cores was reduced to 1/3~1/4 against without software power control

Power for 3cores was reduced to 2/5~1/3 against ordinary 1core execution »



Automatic Power Reduction of OpenCV Face
Detection on big.LITTLE ARM Processor

_ 6
= 4.9w
- 5
A=
s 4
E 3 -67% (1/3)
(75]
c
S 2
o

0

3PE 3PE
W/0 Power Control W/ Power Control

« ODROID-XU3 =Cortex-A7 mCortex-A15

« Samsung Exynos 5422 Processor

« 4x Cortex-Al15 2.0GHz, 4x Cortex-A7 1.4GHz big.LITTLE Architecture

« 2GB LPDDR3 RAM Frequency can be changed by each
cluster unit



OSCAR API Ver. 2.0 for Homogeneous LcrPc2009)
/Heterogeneous .crc2010) Multicores and Manycores

API for Parallel Processing on Various Multicores, Power Management,
Hardware and Software Cache Control, and Local Memory Management

Manual Download: http://www.kasahara.cs.waseda.ac.jp/api/regist.php?lang=en&ver=2.1

List of Directives (22 directives)

» Parallel Execution API » Power Control API
parallel sections (¥) fvcontrol
flush (%) get fvstatus
critical (¥) » Timer API
execution

» Memoay Mapping API
threadprivate (*)
distributedshared
onchipshared

» Synchronization API
groupbarrier

» Data Transfer API
dma_ transfer
dma_contiguous parameter
dma_ stride parameter
dma_ flag check
dma_flag send

(* from OpenMP)

get current_ time

Accelerator
accelerator task entry

Cache Control

»  cache writeback
cache selfinvalidate
complete _ memop
noncacheable
aligncache

2 hint directives for OSCAR compiler
. accelerator task
. oscar_comment

fromV2.0
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Software Coherence Control Method
on OSCAR Parallelizing Compiler

» Coarse grain task parallelization with P oy
earliest condition analysis (control and data 1. |

dependency analysis to detect parallelism e
among coarse grain tasks). 406
» OSCAR compiler automatically controls 5 6 ‘\ ;”9 ‘
coherence using following simple program IS
restructuring methods: s | f 3
» To cope with stale data problems: " Data dependency 12
@ Data synchronization by compilers S 3 |
» To cope with false sharing problem: 7 OR N
@ Data Alignment A ﬁgnal —— 14
@ Array Padding MTG generated by

earliest executable
condition analysis

& Non-cacheable Buffer



8 Core RP2 Chip Block Diagram

Cluster #0 I Cluster #1
Barrier
Core #3 Svnc. Tlines Core #‘1
1 Core #2 Quﬂﬂgl
Core #1 [ e Core #
Core #0 I__: Core #4
LEPGONL cpu | FPU =l ||-+ FPU | cpU (|| LCPGE
T AN ] il R pCRA
Ig DS |CCN = 2 CCN % |
boral ||[16K [16K |BAR [ E 1T 16K | 16K ||| pcrd
Local memor - S S| = Local memor
Bcrll ||| 1'sk, D:32K | %’_ o L I:SK, D:32 PCRS
URAM 64K _ 2 2 _ URAM 64K ||| [PCR4
i T 11 1 1l Ty Iitf 1
On-chip system bus (SuperHyway)
' v ' LCPG: Local clock pulse generator
DDR2|| SRA DMA | PCR: Power Control Register
control| |control| |control] CCN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)




OSCAR Software Cache Coherent Control

for NIOS and RISCY cores on FPGA

1.86x Speedups for NIOS and 1.83x for RISCYV using 2 cores for NPB CG

Speedup

1 RP2 with Hardware Coherence

7.00

1 RP2 with Software Coherence

I Nios Il with Software Coherence

6.00

M Risc V with Software Coherence

5.00

4.00

3.00

2.00

1.001
1.00 -

0.00 -

Application/the number of processor core

3.67 [372 sra. 371 2.19
2.7
1.63
3.32 1.89
2.87 3.04 2.70 | \
286 | 281 1627 Iz.os .
1.40 2.19
) 1.77 \
-1.97
/7 179~ \ 1.40 1.554
1.00
1.07
bt lu sp
NPB




Automatic Local Memory Management
Data Localization: Loop Aligned Decomposition
 Decomposed loop into LRs and CARs
— LR ( Localizable Region): Data can be passed through LDM
— CAR (Commonly Accessed Region): Data transfers are

required among processors Multi-dimension Decomposition
Single dimension Decomposition / r
DLGO | ot Dl /g
iy v e, yawi
0O [=1.101 LR CAR LR CAR LR / /%/
AlF21 D013 ‘Ln_o_|=34.3s D0I=%666 || DOI=57 88 ” DO1=6,10 / Y
ENDDO _l.-dlml-| - / 01 R — 59
0O <110 ' \ i E ; 5 |
BI()<B(-1) DO 1=34,34 | ) /,
oo —— i L SLSLS )
~ 00Is681 | /5/ 7 /7 /: // /
Dof|,{=|2-'13a|]'8|1 / \/ | DO =68, 100 5 z} / //
e == [TLTT

ENDDO D012 DOI=35 67 J DOI=68, 100 N S S e
| | ‘=, 37

/ \-,




Adjustable Blocks

0 Handling a suitable block size for each

application

m different from a fixed block size in cache
m each block can be divided into smaller blocks

with intege
and scalar

Level 0
Level 1
Level 2
Level 3

Blocky,me

l«— 1 Block on Local Memory ——

Level
r

Block,”

Block,

Block’

Bbchf

Block12

Blockz2

BIock32

By

B

B, | By

B.’ | B¢’

B¢

B’

small arrays



Multi-dimensional Template Arrays

for Improving Readability

TEMPLATE ARRAY
FOR 2-DIMENSIONAL  FOR 3-DIMENSIONAL
ARRAY ARRAY

a mapping technique for arrays with
varying dimensions
— each block on LDM corresponds to
multiple empty arrays with varying
dimensions

— these arrays have an additional
dimension to store the corresponding
block number

* TA|[Block#][] for single dimension
* TA[Block#][][] for double dimension
 TA[Block#][][]l[] for triple dimension

LDM are represented as a one
dimensional array
— without Template Arrays, multi-
dimensional arrays have complex index
calculations
o A[i][jl[K] -> TA[offset + i’ * L +j’ * M + K’|
— Template Arrays provide readability
* Ai][jl[k] -> TA[Block#][’][j’][K’]

Blogk2

Block7

LDM

TEMPLATE ARRAY
FOR 1-DIMENSIONAL

TEMPLATE ARRAY

e
R




Block Replacement Policy

0 Compiler Control Memory block
Replacement
= using live, dead and reuse information of each

variable from the scheduled result

m different from LRU in cache that does not use

data dependence information

0 Block Eviction Priority Policy

1.

2.

3.

(Dead) Variables that will not be accessed later
in the program

Variables that are accessed only by other
processor cores

Variables that will be later accessed by the
current processor core

Variables that will immediately be accessed by
the current processor core



Speedups by OSCAR Automatic Local Memory Management
compared to Executions Utilizing Centralized Shared Memory on
Embedded and Scientific Aoplication on RP2 8core Multicore

25

20

15

10

Speedup from Parallelized 1PE

Evaluation Results of Benchmark Applications

2044

12.79

1134

798

727 133

551

BT

W Parallelized 1PE

ikl

716231
.| =TT

Tomcaty Swim AACenc MPEG2enc

[ Parallelized 2PE B Parallelized 4PE B Parallelized BPE

H Parallelized with LM 1PE [ Parallelized with LM 2PE [ Parallelized with LM 4PE [ Parallelized with LM 8PE

Maximum of 20.44 times speedup on 8 cores using local memory
against sequential execution using off-chip shared memory




USCLAR compiie FIOW Tor simuliink

Applications

Trtiat

-
" % Generate C COde féﬁ (1= 07 0 < 16384; i+4) {
T :i using Embedded Coder

/4 Model step function +/
=void YesselExtraction_step(void)

int3z T i;
real _T ul;

Bl /% DataTwpeConversion: '<81>/Data Type Conwersion’ Incorporates:
# Inport: *<Root>/Inl’

VesselExtract ion_B.DataTypeConversion[il = VesselExtraction_U.In1[il;

/% End of DataTwpeConversion: “<81>/Data Type Conversion’ /

=

/% Outputs for dtonic BubSystem: "<E13/2Dfilter’ #/

/% Constant: "<B13/h17 =/

VesselExtraction_Dfilter (YesselExtract ion_B.DataTypeCanwersion,
VeggelExtract ion_P.h1 Malue. &VesselExtraction_B.Dfilter,
(P_Dfilter_WesselExtraction_T #)&VesselExtraction P.Dfilter);

= /+ End of Outputs for SubBystem: "<813/2Dfilter’ 7

A+ Outputs for &tonic SubSystem: "<315/2DFilter!” %/

S% Constant: "<S1x/h2t &/

VesselExtraction_Dfilter (YesselExtract ion_B.DataTypeConversion,

VesselExtract fon_P.h2_Malue, &WesselExtraction_B.Dfilterl,
(P_Dfilter_WesselExtraction_T #)&VesselExtraction_P.Dfilterl);

C code

ii
D ll\

° SO0 VESSE LRITACT 10N S8R | ]
OSCAR Compiler N\

!ﬂt thri ; B\;oid thread_function_001 ( waoid J ‘
int thr2 ; YesselExtraction_step_PE1 () ;
int thr3 ; !

{

Uscar_thrpgc-ij:reate & thrl

thread function 001 , (voidx)t ) ;
oscar_thread create | & thr? ,

thread_function_ 002 , (void#]Z ) :
oscar_thread_create 7 & thrd ,

thread_function 003 , (wvoid#)3 ) ;

Yessel|Extraction step PED () ;

oscar_thread_join { thri

-
oscar_thread_jain 1§ thr2 g ;

oscar_thread_join { thr3

- FmiT] | MT10
-> Parallelism pc1 [ s
PC2 | MT6
PC3 | MT8

wii  [lE  (3) Generate parallelized C
co

(2) Generate gantt chartecew
- Scheduling in a multicore

s using the OSCAR API
- Multiplatform execution

42




Speedups of MATLAB/Simulink Image Processing on
Various 4core Multicores
(Intel Xeon, ARM Cortex A15 and Renesas SH4A)

356 348

0 3.20 312
300 2.8% 75 273>

25 2.292.01 . 995 v 2.33 20&.152'48

20 ' 1.85 :

15

10

05

000

Road Tracking Buoy Image Color Edge Optical Flow Vessel
Detection Compression Detection Detection

M Intel Xeon E3-1240v3 m ARM Cortex A15 m Renesas SH-4a

Road Tracking, Image Compression : http://www.mathworks.co.jp/jp/help/vision/examples
Buoy Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/44706-buoy-detection-using-simulink
Color Edge Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/28114-fast-edges-of-a-color-image--actual-color--not-converting-

to-grayscale-/

Vessel Detection : http://www.mathworks.co.jp/matlabcentral/fileexchange/24990-retinal-blood-vessel-extraction/

o

o

o

o

o
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Automatic Pallalelization Tool of MATLAB/Simulink:
OSCAR Tech “OSCARator” https://www.oscartech.jp/en/

 OSCARator is a simulation accelerator of MATLAB/Simulink on multicore processor

— based on “OSCAR Compiler” Automatic Parallelization Technology developed by Kasahara and
Kimura Lab. Waseda University

Original Simulink Model

| HybridVehicle | make a “Subsystem” with blocks
—_— which you want to accelerate Start OSCARator from right click menu,
OSCARator will automatically configure
settings.

EEBEEEE

<FULLY AUTOMATIC>

*  Simulink Coder C-Code Generation

* Automatic Parallelization

* S-Function MEX Build

* Replacing Subsystem with S-Function Block

Same Result and

Shorter Simulation Time 4,—'—|

Battery charge ratio

2 & Z 2

hab o I O O
] Y0 .ol #

;m ,‘ ol Nl
Fosl A1 Ly LM
o (W N
W)

2000 0w w0 00
ime (5]

MEX: Dynamically linked subroutine executed in the MATLAB environment.



Speedup of Simulink Models by OSCARator
on 4 cores Intel Core i5 Processor

https://www.oscartech.jp/en/

6.51 times speed up on 4 cores against 1 core MATLAB Accerelator

Speedup Ratio (times)

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

Mode for VesselExtraction

6.51

. : MATLAB Accelerator Mode

. : OSCARator (using 2 cores)

: OSCARator (using 4 cores)

3.79

2.53
1.75
1.00 1.00 1.00 I

| RoadTracking | |

VesselExtraction

| | HybridVehicle |

Intel Core i5 7400T 2.4GHz (4 cores)
16GB (SODIMM 2400MHz)
Windows 10 Pro (1903)

MATLAB R2019a Update 5

MinGW GCC 6.3

* RoadTracking
from Computer Vision Toolbox
https://jp.mathworks.com/help/vision/exam
ples/color-based-road-tracking.html

* VesselExtraction
from MATLAB Central
modified for Simulink Model

https://www.mathworks.com/matlabcentral/
fileexchange/24990-retinal-blood-vessel-
extraction

* HybridVehicle

Hybrid Vehicle Powertrain

developed by Kusaka Lab. Waseda
University

http://www.f.waseda.jp/jin.kusaka/

(Compared with MATLAB Accelerator Mode Simulation)




Automatic Parallelization of JPEG-XR for

Drinkable Inner Camera (Endo Capsule)

10 times more speedup needed after parallelization for 128 cores of
Power 7. Less than 35SmW power consumption is required.

\EI

LEPro64
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so °:"._‘-.-.°_\:\ N

e

3 e
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{EFEE A
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= @ =
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OSpeed-ups on TILEPro64 Manycore
|

60.0

55.11

20.00 15.82
1core
3.95
100 1.96 - I
0.00 — - : : : :
1 2 4 8 16 32 64

55 times speedup with 64 cores



OSCAR High Performance and Low Power Vector
Accelerator and Compiler for ADAS and
Self-driving Vehicles with OSCAR Technology

Target:

> Solar Powered

> Compiler power reduction.
>Fully automatic parallelization and
vectorization including local memory

Compiler Co-designed Interconnection Network management and data transfer.

Vector Accelerator

Multicore Chip

Features
Attachable for any CPUs (Intel, ARM, IBM)
x 4 * Data driven initiation by sync flags

Function Units [tentative]
* Vector Function Unit
8 double precision ops/clock
64 characters ops/clock
Variable vector register length
Chaining LD/ST & Vector pipes
Scalar Function Unit
Reglsters[tentatwe]
Vector Register 256Bytes/entry, 32entry
* Scalar Register 8Bytes/entry
* Floating Point Register 8Bytes/entry
= Mask Register 32Bytes/entry

Transfer
Unit
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5,  Future Multicore Products with
Automatic Parallelizing Compiler

Next Generation Automobiles
- Safer, more comfortable, energy efficient, environment

friendly
- Cameras, radar, car2car communication, internet

) information integrated brake, steering, engine, moter
control

Personal / Regional
Supercomputers

Advanced medical systems

c treat " t Solar powered with more than 100
a.n cer re? ment, times power efficient : FLOPS/W
Drinkable inner camera : : .
* Regional Disaster Simulators
* Emergency solar powered .
saving lives from tornadoes,

* No cooling fun, No dust, . L .
o localized heavy rain, fires with
clean usable inside OP room
earth quakes

s e\

-From everyday recharging to
less than once a week

- Solar powered operation in
emergency condition

- Keep health



