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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) .
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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.
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Earthquake Simulation
il “"GMS” on Fujitsu M9000
Sparc CC-NUMA Server

M proposed method

M original (sun studio)
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With 128 cores, OSCAR compiler gave us 100 times
speedup against 1 core execution and 211 times speedup
against 1 core using Sun (Oracle) Studio compiler.



Power Reduction of MPEG2 Decoding to 1/4
on 8 Core Homogeneous Multicore RP-2

by OSCAR Parallelizing Compiler
MPEG2 Decoding with 8 CPU cores

Without Power With Power Control
; Control o (Frequency, -
(Voltage : 1.4V) Resume Standby:

Power shutdown &
¢ 7 Voltage lowering 1.4V-1.0V)

|

Avg. Power 73 50, Power Reduction AVE- Power

5.73 [W] ) 1.52 [W] ,



Demo of NEDO Multicore for Real Time Consumer Electronics

at the Council of Science and Engineering Policy on April 10, 2008
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Green Computing Systems R&D Center

Waseda University

Supported by METI (Mar. 2011 Completlon)

<R & D Target>

Hardware, Software, Application
for Super Low-Power Manycore ==
Processors g Bl |
>More than 64 cores A "

>Natural air cooling (No fan)
Cool, Compact, Clear, Quiet

>Operational by Solar Panel

<Industry, Government, Academia>
Hitachi, Fujitsu, NEC, Renesas, Olympus,
Toyota, Denso, Mitsubishi, Toshiba, etc
<Ripple Effect>

>Low CO, (Carbon Dioxide) Emissions
»Creation Value Added Products | |
Beside Subway Waseda Station,

»Consumer Electronics, Automobiles, . .
Servers Near Waseda Univ. Main Campus y

.....

! :""‘l\';' I Hitachi SR16000:
{ Power7 128coreSMP
Fujitsu M9000
SPARC VII 256 core SMP




and target practical applications
For smart life

Industry-government-acad?mla coll.abooratlon in R&D Protect Lives

. Waseda Univ
Mahy-core sys
3-Tow power consumption

OSCAR Multicore

Vector Acc. OSCAR

Consumer electronic "
Internet TV/DVD @ Many-core Technol ;'

_Camcorders ,,
Capsule inner -
2 cameras

Multicire Engine’ECU, ﬁj
ADAS (Driver Asistance),

Self Driving, HV, EV, FCV

" Solar Powered
Smart phones

servers




OSCAR Parallelizing Compiler

To improve effective performance, cost-performance
and software productivity and reduce power

Multigrain Parallelization

coarse-grain parallelism among loops
and subroutines, near fine grain
parallelism among statements in
addition to loop parallelism

Data Localization

Automatic data management for
distributed shared memory, cache
and local memory

Data Transfer Overlapping

Data transfer overlapping using Data
Transfer Controllers (DMAS)

Power Reduction

Reduction of consumed power by
compiler control DVFS and Power
gating with hardware supports.

CORE

‘ DTU

88.3% Powér Reduction

T —




Generation of Coarse Grain Tasks

sMacro-tasks (MT5s)
> Block of Pseudo Assignments (BPA): Basic Block (BB)
> Repetition Block (RB) : natural loop
» Subroutine Block (SB): subroutine

' — BPA + Near fine grain parallelization : :EEA

: : .

! , Loop level parallelization BPAI | LBPA
Program-—— RB < Near fine grain of loop body ’:RB : Z§E

| . Coarse _gra_ln SB +—  _BPA

! . parallelization __BPA ' [-RB

I I _ ! B

, L SB 4 Coarse grain RB —— SPA

! | parallelization SB —, [RB

: : SR
Total | : I

19 st 1 nd ! rd
System ' Layer 2" Layer S baver

1 l .




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
BPP: I;B
15 FPA 7 !?B "F‘QB" I
o, 15
__________ - L2
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
10



MTG of Su2cor-LOOPS-D0O400
Coarse grain parallelism PARA_ALD = 4.3

mm DOALL g Sequential LOOP —SB gg BB
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Data-Localization: Loop Aligned Decomposition

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

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

(LR ) ) [ LR |

N 4 £

C RB1(Doall)
DO I=1,101

CAR LR CAR

A(l)=2
ENDDO

DO I=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\

5

DO 1=35,67

DO I=67,67

o

4

-
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DO 1=68,100

— |

J

DO 1=68,100

N\~
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Inter-loop data dependence analysis in TLG

 Define exit-RB in TLG

C RB1(Doall)
as Standard-Loop DO 121101
* Find iterations on which E/I*\l(g;g'
a 1teration of Standard-Loop i1s
data dependent C RB2(Doseq)
. DO I=1,100
— e.g. K, of RB3 1s data-dep B()=B(1-1) d 1.
on K-1,,K;, of RB2, HA(+A(I+1)
ENDDO
on K-1,,K,;,K+1,, of RB1
C RB3(Doall)
DO I=2,100 . .
C(1)=B(1)+B(I-1) >~
ENDDO
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Decomposition of RBs in TLG

« Decompose GCIR into DGCIRP(1 =p=n)

— n: (multiple) num of PCs, DGCIR: Decomposed GCIR
« Generate CAR on which DGCIRP&DGCIRP*! are data-dep.
* Generate LR on which DGCIRP is data-dep.




An Example of Data L.ocalization for Spec9S Swim

DO 200 J=1,N

DO 200 I=1,M

UNEW(I+1,J) = UOLD(I+1,J)+

TDTS8*Z(1+1,J+1)+Z(1+1,J))*(CV(I+1,J+1)+CV(1,J+1)+CV(l,J)
+CV(1+1,J))-TDTSDX*(H(1+1,J)-H(1,J))

VNEW(1,J+1) = VOLD(I,J+1)-TDTS8*(Z(I1+1,J+1)+Z(1,J+1))
*(CU(I1+1,J+1)+CU(1,J+1)+CU(1,J)+CU(I+1,J))
-TDTSDY*(H(I,J+1)-H(1,J))

PNEW(1,J) = POLD(I,J)-TDTSDX*(CU(I+1,J)-CU(1,J))

1 -TDTSDY*(CV(I,J+1)-CV(1,J))

200 CONTINUE

N =

N =

cache size
0 1 2 3 4MB

. E . UN
VN | PN | UO | VO

DO 210 J=1,N
UNEW(1,J) = UNEW(M+1,J)
VNEW(M+1,J+1) = VNEW(1,J+1)
PNEW(M+1,J) = PNEW(1,J)
210 CONTINUE

DO 300 J=1,N
DO 300 I=1,M
UOLD(1,J) = U(1,J)+ALPHA*(UNEW(I,J)-2.*U(1,J)+UOLD(1,J))
VOLD(I,J) = V(1,J)+ALPHA*(VNEW(I,J)-2.*V(1,J)+VOLD(l,J))
POLD(I,J) = P(1,J)+ALPHA*(PNEW(1,J)-2.*P(1,J)+POLD(I,J))
300 CONTINUE

(a) An example of target loop group for data localization
16
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~ 1

Cache line conflicts occurs
among arrays which share the
same location on cache

(b) Image of alignment of arrays on
cache accessed by target loops



Data Layout for Removing Line Conflict Misses

by Array Dimension Padding
Declaration part of arrays in spec95 swim

before padding after padding
PARAMETER (N1=513, N2=513) PARAMETER (N1=513, N2=544)
¥ —
COMMON U(N1,N2), V(N1,N2), P(N1,N2), COMMON U(N1,N2), V(N1,N2), P(N1,N2),

* UNEW(N1,N2), VNEW(N1,N2), * UNEW(N1,N2), VNEW(N1,N2),
1 PNEW(N1,N2), UOLD(N1,N2), 1 PNEW(N1,N2), UOLD(N1,N2),
*  VOLD(N1,N2), POLD(N1,N2), *  VOLD(N1,N2), POLD(N1,N2),
2 CU(N1,N2), CV(N1,N2), 2 CU(N1,N2), CV(N1,N2),
<€

Z(N1,N2), H(N1,N2) Z(N1,N2), H(N1,N2)

Box: Access range of DLGO

.
7

17
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Sequential Application
Program in Fortran or C

(Consumer Electronics, Automobiles,
Medical, Scientific computation, etc.)

OSCARAPI for Homogeneous and/or
Heterogeneous Multicores and manycores

Directives for thread generation, memory,
data transfer using DMA, power

7

Homogeneous

YVVV VY

o managements
S Manual
k) parallelization/ | @ : y Low Power ]
= power reduction Parallelized Homogeneous
APIForC Multicore Code
Accelerator Compiler/ User|| Program Generation
Add “hint” directives — ProcO | API Existing
before a loop or a function to . Analyzer | sequential
specify it is executable by Code with compiler
the accelerator with directives
how many clocks Thread 0 Low Power
— Heterogeneous
Proc1 Multicore Code
Waseda OSCAR Code with Generation
Parallelizing Compiler directives Arab? | (SXisting
) Thread 1 nalyzer| sequential
Coarse grain task (Available | compiler
parallellzat_lon _ Acceleratord Wfar;:;a)
Data Localization Code -
EMAC daotla t::amsfer_ MAccelerator 21 Sarver Code
ower reduction using :
DVFS, Clock/ Power gating C9de Generation
: OpenMP
Hitachi, Renesas, NEC, Compiler

Fujitsu, Toshiba, Denso,
Olympus, Mitsubishi,
Esol, Cats, Gaio, 3 univ.

OSCAR: Optimally Scheduled Advanced Multiprocessor
API : Application Program Interface

Multicore Program Pevelopment Using OSCAR API V2.0

Generation of
parallel machine

codes using
sequential
compilers

Homegeneous
Multicore s
from Vendor A .
(SMP servers)

Heterogeneous
Multicores
from Vendor B

Shred memory

servers

1Cores

Executable on various mult



Cancer Treatment
Carbon Ion Radiotherapy

(Previous best was 2.5 times speedup on 16 processors with hand optimization)

8.9times speedup by 12 processors

Intel Xeon X5670 2.93GHz 12
core SMP (Hitachi HA8000)

. 600 554
ik = 5000 -
400 - ;
- T 000
f "Y' 'National Institute of

6.00 4 Radiological Sciences 3027
50 a 30 00 (NIRS)
' P
40 s
30 2 2000
20 "
0 100)
0.0

1 2 6CPU 120PY 0 -

1 CPU 310U 64CPU

55 times speedup by 64 processors

IBM Power 7 64 core SMP
(Hitachi SR16000)




Renesas-Hitachi-Waseda Low Power 8 core RP2
Developed in 2007 in METI/NEDO project

Core#s

~v)

S pPDRPAD |7

Domains

Process 90nm, 8-layer, triple-
Technology | Vth, CMOS
|[ Chip Size | 104.8mm?
| (10.61mm x 9.88mm)
|| CPU Core | 6.6mm?
|| Size (3.36mm x 1.96mm)
|| Supply 1.0V-1.4V (internal),
|| Voltage 1.8/3.3V (I/0)
|| Power 17 (8 CPUs,

8 URAMs, common)

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




8 Core RP2 Chip Block Diagram

Cluster #0 BaL"rier Cluster #1
Core #3 Sync. Liines Core #1
Core #2 Core #0|
Core #1 o\ Core #5
Core #0 Core #4
LCFGOH( cpu | FPU I__: =l [|-# Fpu | cpu  (|[TCPCT]
P R
[PCR 15 | Ds TCON ‘Tl ETTT conl bs s PCRT)
IPCRY] 16K |16K |BAR] e > = £ et 16 16K IPCRd
= =
Local memor — = S — Local memor
[PCR1] ||| 1:8K, D: DK = o I:8K, D:32 PCRS
—— - S (=) o ———————
PCR0 || [URAM 64K _ H I E _ URAM 64K ||| PCR3
i T 111 ti 1 0
On-chip system bus (SuperHyway)
v v v LCPG: Local clock pulse generator
DDR2|| SRAM/ | DMA | PCR: Power Control Register
control| [controlf fcontrol] CCN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)



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 .
D& 1 ey yofE [ s mens | kEEE
t¥id508 '?b_"-
- EE -
4 2ol Q% ) - -
w f ECI) i el =
g ECU:ET}L' | | —@ .‘@I
et ¥ h:m “ E Q
lllllllll |__l,:w—" B Vafprf
Nt —y I
= oA T AlME
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OSCAR Compile Flow for Simulink Applications

/% Model step function #/
E\Eoid VesselExtract ion_steplvaid)

intd2_T i
real _T ul;

=l /% DataTypeConversion: '<51>/Data Twpe Conversion’ incorporates:
# Inport: “<Root>/Inl’

Generate C code S L s - ettt o
using Embedded Coder

/% End of DataTypeConversion: <81>/Data Type Conversion® #/

[

Sx Outputs for Aamic SubBystem: “<S1>720f(lter’ x/

i

Jx Constant: <B13/h1” %/

VesselExtract ion_Df i IteriVesselExtract ion_B.DataTypeConversion,
Vessel|Extraction_P.h1_Value, &YesselExtraction_B.Dfilter,
(P_Dfilter _MesselExtract ion_T x)d¥esselExtraction_P.Dfilter);

=l /% End of Qutputs for SubSystem: "<S10/20Filter’ #/
A+ Qutputs for Stomic SubSystem: "<§1>/2Dfilter]’ +/

/% Constant: "<813/h2" =/

VesselExtract ion_Dfi IteriVesselExtract ion_B.DataTypeConversion,
Vessel|Extraction P.h2 _Value, &WesselExtraction_B.Dfilterl,
(P_Dfilter_WesselExtract ion_T #)&esselExtraction_P.Dfilter!};

C code

OSCAR co piler ﬁx&nld YesselExtract ron_step L) \
int thH : =void thread_function_001  vaoid ) ‘
int thr H { Vessel|Extract ion_step_PE1 () 3
i{nt thr3 ; !

‘ A TS Dscar_thr@:reate & thE1 ) "
»¢ ‘,.— _., thread function 001 , (voids)l :
" oscar_thread create ( & thr? ,

thread_function_002 . (void#)2 1 ;

oscar_thread create { & thrd ,
thread_function_003 . (void#)3 1 ;

VesselExtraction step PED ()

(1) Generate |
_thread_join { thri
= Parallelism pc1 | TS | = LH oscar thread Join { thro
I
I

MT10 | MT12 | E |

oscar_thread join ({ thr3

s
)
:I !
we [ w [ (3) Generate parallelized C code
we [ ww sing the OSCAR API

(2) Generate gantt chartess—"&ma 3y pMyltiplatform execution
= Scheduling in a multicore (Intel, ARM and SH etc)

PC2

PC3

23




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

356 348
|312|
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/

o0 3.20

500 L8575 273"

25 2.292-0%- . 995 o6 2.33 20&'152'48
" ' 1.85 '

15

10

0s

0.0

o

o

o

o

o

o
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Performance of OSCAR Compiler
on Intel Core 17 Notebook PC

4.50

4.00

Speesup Ratio

= N N w w
ul o ul o w1
o o o o o

=
o
o

0.50 -

0.00 -

_—

@ Intel Compiler Ver.14.0

4.12

E OSCAR

CPU: Intel Core i7 3720QM (Quad-core)
MEM: 32GB DDR3-SODIMM PC3-12800
OS: Ubuntu 12.04 LTS

291

2.70

2.24

1.70

1.18
1.00

2.53

1.00 1.00

SPEC95 su2cor SPEC95 SPEC95 mgrid SPEC95 turb3d AAC Encoder

hydro2d

* OSCAR Compiler accelerate Intel Compiler about 2.0 times on
average




Parallelization of 2D Rendering Engine SKIA on 3 cores of
Google NEXUS7

http://www.youtube.com/channel/UCS43INYEIKCS8i_KIgFZYQBQ

DrawRect :FPS DrawImage : FPS
60 60 52.88

xX1.91 43.57 X1.95

45

20 27.16

1Sj N
0 - 0 -

1 Core 3 cores 1 Core 3 cores

for DrawRect 1.91 speedup

On Nexus7, 3 core parallelization gave us
for DrawIlmage 1.95 speedup



Lewel [m¥1

110 Times Speedup against the Sequential
Processing for GMS Earthquake Wave

Propagation Simulation on Hitachi SR16000
(Power7 Based 128 Core Linux SMP)

0515 11100 - 20020517 1408 ERT + (X acis s 15 1900 M Proposed method —Proposed method (Speed Up Ratio)
::: = : 25000 RA—=/N=F7=HNH~/5SR16000 Model VM1 120
TS ST .-.20000 - 100
&
v - 80
4 £15000 -
=
g - 60
5 10000 -
: 1
X
“ 5000 - 0
0 0

1pe 32pe 6dpe 128pe

Speed Up Ratio



Automatic Parallelization of Still Image Encoding Using JPEG-XR
for the Next Generation Cameras and Drinkable Inner Camera

I D e . Speed-ups on TILEPro64 Manycore

O TILEPro64 60.00 5(5)‘.1118[51
(? ;.;;":;;-__\E"':_._. -7 et '
e e | 50.00
5 el
40.00
- 5 30.79
DD DDR2 -;go‘oo
T o e e ul . —
EGIED 137 15.82
EHEHEHEHE 10.0[s] y
(=] = =) (=] =) [=2] 10.00 7
0 GIENE oo 196 3% I
E El 0.00 - T - T . T T T T
- ]
(o] o) foe] o] {so] for] 1 2 4 B_glf 32 6
LAY 55 times speedup with 64 cores

against 1 core

Waseda U. & Olympus




Parallel Processing of Face Detection
on Manycore, Highend and PC Server

H tilepro64 gcc
| mSR16k(Power7 8core*4cpu*4node) xic | 11.55

1 rs440(Intel Xeon 8core*4cpu) icc

6.46 6.46

1721.931.93

1.001.001.00

0.00 -

- 8

0 OSCAR compiler gives us 11.55 times speedup for 16
cores against 1 core on SR16000 Power?/ highend server.

6

Automatic Parallelization of Face Detection 29




OSCAR Heterogeneous Multicore

| oo

—_

(O)vPCQ) R VCA)VPCQ) VC{nVPC{n

) re—

Memory
Interface

F

Network Interface
VR

b

VC{rtmt)

YPC{mH)

Vet
=3

DTU
— Data Transfer
Unit
LPM

— Local Program
Memory

LDM

— Local Data
Memory

DSM

—  Distributed
Shared Memory

CSM

—  Centralized
Shared Memory

FVR

—  Frequency/Volta
ge Control
Register
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An Image of Static Schedule for Heterogeneous Multi-
core with Data Transfer Overlapping and Power Control

CPUO CPUT CPU2 CPU3
CORE | DTU | CORE | DTU | CORE | DTU | CORE | DTU
_____ T TToAD | T T T T]TLoAD Y
MTGTF oo MT1-2 A0
SEND SEND
MT1-3 MT1-4
« SEND
; LOAD SEND LOAD
MTG2 MT2-1 LOAD LOAD LOAD
LOAD LOAD
SEND MT3-1 LOAD
MT2-2
SEND LOAD
SEND LOAD
MT3-2 MT33 |LOAD
SEND
MT2-5 SEND
MT2=7 MT3-4
SED MT3-6
MT2-8
store | MT3-7 MT3-8
STORE
Y STORE

MTG3

DRPO

CORE

DTU

MT2-3

LOAD
LOAD
LOAD

LOAD

MT2-4

SEND

JNLL

MT2-6

SEND

MT3-5

SEND

SEND
STORE

kY



33 Times Speedup Using

OSCAR Compiler and OSCAR API on RP-X

35

30

15

10

Speedups against a single SH processor

| & ‘ nﬁ
1 SH-4A SH-4A\ % ———

25 +—

T PCl |saral[spuz|[Lasc] —FPB__]

1 1SSCC2010

(Optical Flow with a hand-tuned llbrary) 111[fps]

Cluster#0 Cluster #1

32.65

| SHwy#O Address 40 Data 128) H SHwy#1 Address= 40 Data= 128

DBSC DMAC VPUS FE DMAC DBSC MX2
#0 #0 #0-3 #1 #1 #0-1
@ | SHWV# {Address=32 Data=64) |

exp

Y. Yuyama, et al., "A 45nm 37.3GOPS/W Heterogeneous Multi-Core SoC",

| .

3.4[fps] ] 5.4

'\/ 2.29
1

4SH 8SH 2SH+1FE 4SH+2FE 8SH+4FE



Power Reduction in a real-time execution controlled
by OSCAR Compiler and OSCAR API on RP-X
(Optical Flow with a hand-tuned library)

. . With Power Reduction
Without Power Reduction by OSCAR Compiler
70% of power reduction
Average:|.76[W] » Average:0.54[W]

Power [W]/ Voltage [V]

N
n

2.5

N — 2

N

=
v

S
2
s
. —Voltage[V] =z ] ] 1 —Voltage [V]
—Power [W] § 1 —Power [W]
0.5 0.5
WW\J A
0 0 T T ]
0 200 400 600 800 1000 0 200 400 600 00 1000
Bl B %
—
1cycle : 33[ms] | ===
->30[fps] J




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




Automatic Power Reduction for

MPEG2 Decode on Android Multicore

ODROID X2 ARM Cortex-A9 4 cores
http://www.youtube.com/channel/UCS43INYEIKCS8i_KIgFZYQBQ

Without Power With Power

Reduction Reduction

3.00 279
'§' 2.50

6.7%

il
K
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* On 3 cores, Automatic Power Reduction control successfully reduced power to 1/7
against without Power Reduction control.

e 3 cores with the compiler power reduction control reduced power to 1/3 against
ordinary 1 core execution.
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Power Reduction on Intel Haswell

for Real-time Optical Flow U Rl
Intel CPU Core i7 4770K For HD 720p(1280x720) moving pictures

15fps (Deadline66.6[ms/frame])

® without power control & with power control
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Power was reduced to 1/4 9.6w) by the compiler power optimization on the same 3 cores
(41.6W).

average power consumption [W]
on
|

Power with 3 core was reduced to 1/3 (9.6w) against 1 core (29.3W).
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Started up on Feb.28, 2013:
Licensing the all patents and OSCAR compiler from Waseda Univ.

CEO: Dr. T. Ono (Ex- CEO of First Section-listed Company,

VP of National Univ., Invited Prof. of Waseda U. )
Executives: Mr. T. Ito (Visiting Prof. Tokyo Agricult. and Eng. U.)
Prof. K. Shirai (Ex-President of Waseda U
Chairman of Japanese Open Univ. )
CTO: Mr. M. Takamura (Ex-Fellow Fujitsu Lab.,
Fujitsu VPP500, 5000 & NWT Development Leader )
Mr. K. Ashida(Ex-VP Sumitomo Trading,
Ashida Consult. CEO, A leader of Business World
Auditor: Dr. S. Matsuda ( Prof. Emeritus Waseda U.
Ex-President Ventures and Entrepreneurs Society )
Advisors: Dr. T. Sato ( Patent Attorney, Ex-President of

Patent Attorneys Assoc., Gov. IP Committee) Fujitsu VPP5000

emory

Ms. K. Ishiguro ( Lawyer, Supreme Court Trainer)
Mr. A. Fukuda (Leader of Alumni Assoc.)
Prof. K. Kimura (Waseda Univ. )

Prof. H. Kasahara ( Waseda Univ. )

CMOS LSI
2008 FUITSU LIMITED




OSCAR Vector Multicore and Compiler for
Embedded to Severs with OSCAR Technology

Compiler Co-designed Interconnection Network

Multicore Chip

X 4

Data
Transfer
Unit

J
]

1 VARRRRRRRR

N,

Target:

> Solar Powered with

compiler power reduction.

> Fully automatic
parallelization and
vectorization including
local memory management

and data transfer.



Fujitsu VPPS00/NWT: PE Unit
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Summary

Waseda University Green Computing Systems R&D Center supported by METI has
been researching on low-power high performance Green Multicore hardware,
software and application with government and industry including Hitachi, Fujitsu,
NEC, Renesas, Denso, Toyota, Olympus and OSCAR Technology.

OSCAR Automatic Parallelizing and Power Reducing Compiler has succeeded
speedup and/or power reduction of scientific applications including “Earthquake
Wave Propagatlon medical applications mcIudmg “Cancer Treatment Using
Carbon lon”, and "Drlnkable Inner Camera”, mdustry application including
"Automoblle Engme Control”, ”Smartphone and “Wireless communication Base
Band Processing” on various multicores from different vendors including Intel,
ARM, IBM, AMD, Qualcomm, Freescale, Renesas and Fujitsu.

In automatic parallelization, 110 times speedup for “Earthquake Wave
Propagation Simulation” on 128 cores of IBM Power 7 against 1 core, 55 times
speedup for “Carbon lon Radiotherapy Cancer Treatment” on 64cores IBM
Power7, 1.95 times for “Automobile Engine Control” on Renesas 2 cores using
SH4A or V850, 55 times for “JPEG-XR Encoding for Capsule Inner Cameras” on
Tilera 64 cores Tile64 manycore.

> The compiler will be available on market from OSCAR Technology.

In automatic power reduction, consumed powers for real-time multi-media
applications like Human face detection, H.264, mpeg2 and optical flow were

reduced to 1/2 or 1/3 using 3 cores of ARM Cortex A9 and Intel Haswell and
1/4 using Renesas SH4A 8 cores against ordinary single core execution.



