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Power Reduction of Automatic Heterogeneous Device Offloading

Yoji YAMATO

T Network Service Systems Laboratories, NTT Corporation, 3-9-11, Midori-cho, Musashino-shi, Tokyo
E-mail: fyoji.yamato.wa@hco.ntt.co.jp

Abstract In recent years, utilization of heterogeneous hardware other than small core CPU such as GPU, FPGA
or many core CPU is increasing. However, when using heterogeneous hardware, barriers of technical skills such as
CUDA are high. Based on that, I have proposed environment-adaptive software that enables automatic conversion,
configuration, and high performance and low power operation of once written code, according to the hardware to
be placed. I also have verified performance improvement of automatic GPU and FPGA offloading so far. In this
paper, I verify low power operation with environment adaptation by confirming power utilization after automatic

offloading. I compare Watt*seconds of existing applications after automatic offloading with the case of CPU only

processing.
Key words Environment Adaptive Software, GPGPU, Automatic Offloading, Low Power, Evolutionary Compu-
tation.
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1995 2B U7z Java [22) d—Eild Lza— R &, A —
A1—® CPU THEMEMBEIZL, BREEIGD T XA LY T b
ZRIUZ. LAL, BITETOMRYPENHEHZI, EYc
HBLIIRS Doz, I T, M, ~EiddlLza—N%,
MlE S DBREIZIFEYT 5 GPU % FPGA, A=—17 CPU%
EHMHTEZ LS, B, VY -AREEEZEHBTITY, 7
TV —va vEEHErOERELNTEEIE S Z L 2EKLE
U7z, BEIGY 7 b 2 T2 BELTWS. bb¥T, B
WMIGY 7 bz 7 OEZELLT, TV r—Yarya—Fo
V—TXREE T 1y 2%, GPU, FPGA IZHA#EA 70— K
35 HRNEHEE UMRRR 2 FM L T\ 3 [23] [24] [25]. L
LU, 4TI, BEA 78— NROUERFEOAZHILTE D,
BHHEAZIZDVWTIEFHE X N TWigh o 7z,

AR, @HEO CPU I 702 5 40%, GPUSDTNA A
A 7u— NUEEGELIE 28, BHFHEEZERIZAN
52HRNEREL, BEHEARKRE, BE7 7V r—>vavo
A 70— REEUTCHRT 5. bET, GPU, FPGA %0
BAERBEOBIZ, A7u— FROBHFEHAZLEE AT, #Y)
mA 7O — NEEBEERNT 5 FELRET 5.

AREOBMKIZUTO®ED TH S, 28T, BAHM 2T
5. 3fiT, BHMAEEFE L7 GPU, FPGA ~DOHF %
T0— RFiE, BERBETOL 70— RAEBINFEREEIRET 2.
AHiC, BEY 7V r—varyA7u—REELT, GPU B
A7u— FREOBHFEHAEEZTET 2. 5HTELDHEIT.

2. EESM

2.1 Al

BEEIGY 7 b 272 LTI, Java H 5. Java i, K
METERIETH 5 Java Virtual Machine (2 & 0, —EiR L
7z Java I— RZHED IV RS INVAET, BRdA—h—, &
7% 0S ® CPU ¥ v THifESHET WS (Write Once, Run
Anywhere). UL, BITHETHRED LG O» 5T, BT
KTOT Ny ZRWEICET 2BEIDV K E 2 - 72 (Write Once,
Debug Everywhere).

GPU % HGMLHLAAMZ £ {4 5> GPGPU (General Purpose
GPU) (BlAIX[26]) 2175 72D DEEEIIZ CUDA 23 5. F7z,
GPU 7213 T7#:<, FPGA, A=—237 CPUZDOATORTN
A A% ERRIZHE S 72 DRk E LT OpenCL 23% %. CUDA,
OpenCL i%, C ZEOIRZITWIT 0T I M%7 5N, 7
SR N0Y i =S 1NN

CUDA % OpenCL IZHART, LX0fFic~TaT NS A%
MAT 27280, HRITN—AT, MHLESE %17 S &% f8E
LT, Rt oTa v 8o I8, GPU BT TET 7 7
LIV EERT 2EMAH 5. ke LTIE, OpenACC[27] ®
OpenMP %, I /%14 5 & LT PGI 22381 F [28] ¥ gee ¥
Wb,

CUDA, OpenCL, OpenACC, OpenMP FDH % %
Z&T, GPUX FPGA, A=—a27 CPU~ANZX7H—KT5
ZEEHBEIC RS> TETWS., LrLA7E— NAKIRITZS
2124 oTH, EEEPHABILICFRELRDH 5. AT,

T e e G T _

2. Extract offloadable area and ppcode 1-1. Specify application code

i e s 5. Select appropriate location
Environment
Adaptation

function

3. Deploy execution files ant

Measure performance to

search appropriate patterns
v

Facility resource DB

Test case DB

A

4. Determine resource sizes|
6-2. Extract test cases and
Run to verify behaviors

nment
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X1 BRE@EGY 7 V70O 70—
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roduction envir
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<) F a7 CPU NIz BENGFbRE 2 KD a v 81 S & L
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52 FELWL, BHENGFMGEAMSE % (5 56 b A5 AL
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2.2 RIEBEIGLEDO 70—

VI N T OBREENEERT 5720, FHITX 1 0L
7H—ZBELTWS [31]. BEEGEIGY 7 bV 7Id, B
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BEs 5.
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Stepb Fig & 5P i % -

Step6 E177 7 A IVELE & BIfEIREE -

Step7 JEH SR
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GPU H iz 4+ 7o — R § 280z, WSLHEE R H
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iR D JKEHE D A DFH T 0 [31), #6715 FH & D Hl ik ik oK AT
ThHhotz. TDEH, AT, GPUEDA 7T —RFNAT
AZEEA 7 a— R UBRO, BN E 5.
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Generate next generation code patterns
after crossover & mutation

Code
patterns
Selected code

#pragma Deploy & patterns
- for(){ performance

} and power Select high

Verificat 9
measurement me;r'ﬁze'on performance and low
-for({ power code patterns
v ;Of(){ CPU
100 |,

2 BHEFEUKL GPU BEA 70— FFik

LT&E7. Iho OBE#ERAMMS b E 2T, Affio, 3.1, 3.2
T, BEHEHEEEELZL— 7 XD GPU, FPGA HEIA
70— R ZEET 5, 3.3 T, BITEVRARETOM
Yz A 7| — RIBEIREM 2 IE T 5.

3.1 IL—7X®GPUBHEA7AO—K

JUE RS A & H I L2 b — 7' GPU HElA 78— R
FHIZDOWTIL, [30] [31] TRELTWS.

9, HEMAREX LT, 21 5A 20— T
GPU T T E RN WS HIRZ RO 5 Z L& gE72
A, 2O —TXIE GPU OMFLIIZHEL TWD WD EE
MEROFZZLEFELVOLERTH S, EEIZ GPUIZA
TJu—RNTBILTEDREDMRE, BHHERIIRSE NI,
FHLTHARZRWE FHIZH L. 2078, Z0L—7% GPU
A 78— RT3 0WSHEREFEHTITY, HIEEZATHAT
L5ZEMThbhTVa. EFFENEEEZ, GPUIKA 70—
N3 2@V — T XDFRE, #ELEHTFIETDH 2-ENT
V) XL (GA) [32) THEIMIZATS Z & 2 iR E L. 7
077 Lrs, BINCHFIAREL—TXOF v 7 &2TFWV, i
FITREL — FXXBHZ N LT, GPU E£70E% 1, CPU 7D
Bx 0 LiZEVCCRETLL, MIEERECKAENE L #EY)
TR R—VEBERLT WA, 2T, WABEERE CRRFREL
HTELNRA—VEEVEHAEDBRET LT 50, MIFEREN
ETRHENFEHAELEGOETHEL, EE N LAAX—VEEHD
MO LT B AT NA S, HlAE, (LB ~/2 x
(BAMAE)"Y2 O &5z, BRI, (KEHHHRRIEY
HEEPELS RDLO%ETE (K25MH).

[31] Ti&, XA MV—=THTOMHEAEBIZDOWT, V=T
X% GPU WFES BBZ, & A b FALT CPU-GPU #5% 537
N3 & TRV — THICHEDTDO NIRRT W), BT
CPU-GPU £ 2 ThNTHMELR WEAKIZDWTIE, kAT
LIRS T A Z L R RELTVWS., R ANEITTHRL, B
77 ANVEZBDOERE, GPU LY CPU A ANTIT R
573, CPU LM 2 GPU JWHEL S 5N BB OWTIE, —
fEEL TRk T 5.

V—T7XD GPU A 70— RIZOWTlE, EhfifiEZES
EizEd L ETE L, CPU-GPU S0 EEIC L b, H
BcomdE(t, KEHLETS.

3.2 JIL—7X®DFPGA B&A70—K

FEHIZ, V—T7XDFPGA HEIA 70— FFEIIDWTEH,
RBEL T3 [25].

FPGA T, JIRHFMDSERERE D0 2 RE N — 7 3% FPGA
WA T7O—RLUTCEB(LT A L 2EX BRIz, YOL—T%
70— NTEEEICRZ 20T L W=D, GPU
PRMGEEREE TR 2 BEITT S 22 2 EL TV, L
U, FPGA I%, OpenCL % 2 v 81 VL TEBETEHFEZES
FCIZBREIL B2y 7-8, GPU HElA 7u— K TD GA
ZRAWTMES KELTHRERIE T 5 Z & 1d, QIR
ERDITIRIXTERN.

ZZT, FPGAIZA 70— 3 3BMDN— T %#K->THh
5, MEEllEiiT2T MR L 5. BRI, £9, R
N7V =732 LT, ROSE 7 L — 247 —7 [33] FDHEMHR
FEGA Y — v & W CTHRABRE S @ WL — TR M T 5. B
12, gecov ® gprof FD TR 774 ) VIV —=)VEHNTIL—
TRBAZ IV — T X E M T 5. BMTRE XL — TS
WL — 7 &R & LT, OpenCL {t%47 5. OpenCL fbFf
IZi%, CPUMEED T I L%, h—3) (FPGA) &HA
r (CPU) 2, OpenCL O X JEIZHE > THEIT 5. HAiRE
XV — TREAZ N A 71— NERILV— Tt LT, ERL
72 OpenCL 2 7L a2V XA VLT, VY —AERFHWIL—
TXERDITE. Zhik, a1 L0, BT % Flip
Flop * Look Up Table DY VY — A& nh 5728, FHT 2
VY = ZBP DRIV — T IUTHEITK AT, @i —T
XAEONED 2D, T o EHAWCTHERPESMHRE N
T5. GERINAZHIL— T LT FPGA E¥THEIET 2
£V UTHEL, EIZEEMLTE RV — T UK
LTI ZDMAEHLEDNNZR—VE/ED 2BEOHIERZT 5.
MFEBREL CHIE S N @SR — > 0T, KR {EE S
DNRR—=V %R UTERT 5. ERE»DEENIX, GPU
DL FAFORTRA AT THIE LY (K3 3).

V—7D FPGA HEIA 70— RIZDOWTIE, SR
V—TEE, VY —A8EAWTEMLV—TXERDIAATHY
5, WEERETOREZTV, (KE X — 2 OFHliE % &
5ZeT, BHETOEBL, KELETS.

3.3 RERETOEEAZO—K

##1%, GPU, FPGA, A*=—17 CPU »¥13% & LTIE
FELTWAHT, EMERRABATAEZERL A 70— N9 5 il
HME LTS,

MELT BIEHZL LT, A=—27 CPURIIIL—TXA 70—
K, GPU @IV —TXAT7a— K, FPGA [WIFNV—T XA 7
O— NTHRIEEL, @MREe b 82—V 23R TWL. HE
F 78— RTi&, NX—VORRE, TE 27202l crEkE
AT HEM IR I D, 22T, BRI h 5% FPGA X
B#E L, MOBRBTHra—YEHEZMET 28— H
HodoTwhif, FPGA MEEIXfThRnWEHL T 5. GPU &
A=—2a7 CPUICEULTIE, Mit&HNzEMEERRRIZE K E
REFRWD, AEVBPIEME 2D TN ZAARNELR D
GPUIZELL T, A=—2a7 CPU O 5, &% CPU D%
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Tfor(){
}
OpenCL FPGA processing
(10 steps)
+for(
}
l/——for(){
—for(}{
}
196 |
1:FPGA Code patterns
0:CPU
10000 10000 10000
Intensit 01000 00010 00010
Code ntensity 00010 Pre . 00001 Actual

analysis analysis o001 Compile Compile 49510 Selection 00010

High . Measureme

Loops arithmetic High nt of plural Final
Ccode |],| variables |]4 intensity resource patterns solution
info loops to efficiency (Also check of
OpencCL loops low power) OpenCL

X3 BH%2EBUKZ FPGA HEIA 71n— KFik

INE W28, WEENIEIZ A =—37 CPU 242 LT, A=—2
7 CPU THA2—VEMEZTRET 28X —VHEROIR>TW
i, GPU KGEIZfT bR WHE T 5.

ZIZT, 3O0DBITREREIL, BELBTAE HENRIRT
LZONRMESHATH 5D, AR TIEIBGEERETOEMEZEL T
EM@ﬁ%ﬁjf&<ﬁ%ﬁ®%ﬁ%%,aﬁ%m@@ﬁt@
&2 5, FlRIE, (UHEERR) "V < (BAHMAE)TY2 0
oz, FWOHEFRR, KELHFARRIFEAATHIEL LD &

5 VA A & B E T IER .

WK T —X 2 2O LT, N—=RU 7S
LOYHEHAP AR IA D 1/3, BIPHRFEOEHIA b
HH1/3, V= ALA—XEDOZTOMEMH 1/3 DHINHZ. T
D5, HIZIXNIBRD 1/5 12720, CPU & GPU AbHET
EN= R 2 7 ABONER E RIS KBS NS, #E
SIFER RS EH O A MERIZ DA%, 72770, #AaA
MIBHUSTEZE £, %ﬁﬁﬁ$+ﬁ#§m:1b¢mk
mBEDLIFTR. F72, N—Fvz7litgd, AT S GPU,
FPGA ¥ —NBUZ X DRV 2 —2EB1E0nH D, FEEHICHE
15, FD7D, FTHiRNITHEETBHIIRLIBEL TIEIHEN
H5.

IO DI, RRETIE, WIEFEZ T TR, BAFHAED

ERUT, WY T H— Kk FIERT 5.
4. ¥ i

V—T XD GPU, FPGA ~DOHHA 7 v — Nk [31] ETHE
R L C\WB 728, ARETI, MURERSXDEEY — L& R—
20T, WE S X — > OFHfifE % B s BRI, KT A FREEAi{E
NEL R REEEMATA 70— K&V, A 70— RiZ
o, EREERE & b2, KBV HETHWEZ %
RT3

4.1 @& H

4.1.1 G i xF

TR SIE, GPU A 70— KT, REHEDOEH~Y F<—
VA -

WY RV F o — 2 [34) &, FREMETUAMENT OMERERIRE I W

l [

Verification machine Client
for GPU
|
[ rcuna (o]
code /
= | [
cPu GPU code
Name Hardware cpu RAM apy os |SUPA| compibr, etc
.. | GamingPC NVIDIA GeForce RTX PGI compiler 19.10,
Nerification oM Ryzen 3268 2080 Ti Ubuntu | o | pyCUDA 2019.12,
apy | LEVEL-F039- 2990&“(;2‘“&” )| ®2 (CUDA core: 4352, |16.046 LTS Cupy 78,
LCRT2W-XYVI ore. Memory:GDDR6 11GB) Python 3
) HP ProBook | Intel Core i&5- Windows 10
Client 470 G3 6200V @23GHz | °GB Pro

B 4 R GEER B

LNBRYFI—2Y T NT, K7V VFREAEZY 3 REE
TREWTW5. GPU TOFFEEICHBIZMHINTED,
HENTH @ b 2 (RB DT E B Z & OIERD 72 Al 4
5. FHARYF =213 C ZiE® Fortran HH 508, 5
FEERE D7z 8 & 5 FRE IR 259222 5 Python % AW
2Zeel, MYy 7% Python T L7z, VWS T —
X% Large T 512*%256*256 02" v R THH T 5. CPU L
I%, Python ® Numpy [35] TMAE X1, GPU X Numpy
Interface TAHN I GPU A 70— R$ 5 Cupy 71 7
J 1) [36) x HWTMIEE N5,

4.1.2 FF i F ik

HRED7 TV r—raroa—REANL, BiF%D GPU
XU T, Clang[37) B0t 7« 77 ) TR#BE iz —7
XDAT7A—=RE2RITLTATB—=RRXX =V E2RDEN, *
DBz, JMPERF e BHMEHRZHET 5. RIICEZ - 72
F 70— RNR =20V, @bﬁ%§®ﬁﬁfm%m%b
A 70— RETLTEY CPU CABLT 254 1Z 7B
FEWEZ RS 5.

GPU TD GA OFMFIFLATTH 5.

F7u— NGV — T RV FY—2 13

ABI M : V=T XA T 5. R Fv—7 12

HRET : V=T XRLAT LT3, lHHRVFv—2 12

B JLERRER) Y2 x (BAMEFE) Y2 B & 8
TR EEAEIC RS, £, ((1/2) BrTHIL
T, MERREAEWREOMEROEEEN R R 0EET, B
KEPH L B D&, £z, MEREHIEDL — W (3 4)
THOSIRNBIEZ A L7 D b &4, JFERERT 10000 #h & 3 5.

R L—L oy MEIR, 27U, ERTOREHEEEERET
IR X HERERLETIRIERICRET ST — MiFEE &b
BT D.

RXHE Pc:0.9

ZeSRZSFLE# Pm ¢ 0.05

4.1.3 FY i B 5%

MMHT %5 GPU & LU T GeForce RTX 2080 Ti (CUDA
core: 4352, Memory : GDDR6 11GB) ZH\ 5. GPU LI
Cupy7.8 £ PyCUDA2019.1.2 2 i\ 5. &EHHHA=EIZ, GPU
B# PC 121 > A b =)L L7z NVIDIA ¥ — )L ® nvidia-smi 3
YV R[38] CTGPUEN%, s-tui ¥ F[39) TCPUEN%
HET 5. FNEREIE ARy 7 %X 415RT.
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Gaming PC (only CPU use) Gaming PC (CPU and GPU use)

Watt * Sec 4077 Watt * Sec 2071
processing time (sec) 153 processing time (sec) 19
time CPU Watt time CPU Watt GPU Watt Sum Watt

15:04:07  31.2 15:03:15  28.9 27.6 56.5
15:04:08 24.2 15:03:16 315 27.6 59.1
15:04:09 31.0 15:03:17 29.7 27.6 57.3
15:04:10 Himeno benchmark 15:03:18 23.4 41.6 65.0
15:04:11 15:03:19 23.9 66.7 90.6
15:04:12 15:03:20 24.2 81.9 106.1
15:04:13 15:03:21 223 91.3 113.6
15:04:14 15:03:22 25.1 91.1 116.2

X5 GPU A7wu— FEHFEHE (EHRVF—72)

4.2 fFREEE
51 GPU 2y RV F~v—2 %24 70— N LB,
Watt LHflZ G L TW5. K&, 27T CPUMET 255
aﬁfbf JUFRIFRTIE 153 B2 5 19 BhizfEii s h T v a8,
X CPU OADLEED 2TW FREH» 5 CPU & GPU »Mfib
NI09W FREL o TWB Z 2 bh 5. TOREHE, Watt*sec
%, CPU O AMILDEGE D 4080Watt*sec 25, GPU 24 7
0 — R U784 T 1/2 O 207T0Watt*sec & 722> 7z HA 505
bT#T&<®J—ﬁ#ﬂﬁTékﬁiéﬂ677U7—
YarviUT, REEHEOER XY F v — s DmiEl L KE

{LEHEZR L. GPUIZA7a— FLUZEIE, Watt B{RIZHEZ
5, HERMEDORIERNE < 2K L LT Watt*sec 23 k> T

5. FPGA A 70— FOBOEHEHEIXSEHEIEICIEZ DWW
7, GPU, FPGA REBRERSIE, A 7u— FEEOMREL &
FD YA 7 — NE%2EIRT 5.

5. ¥ & &

ARETIE, BAMEELTWS, V7 by 7 2B ELEEC
AbETHEEIGXE GPU, FPGA H2#EYICfMALT, 7
TV = a vEEGER, KB THEHT 5720 OBEEILY
7T OEFEL LT, BAHHAREERELZA 7O NF
EERREEUIMEL 7.

GPU, FPGA HEi4 7 1o — REHZMGEERBITHMIT 2 B
IR & & BB HHE R R L, MR > DKE ﬁan
R—VEENHEBELTBI LT, HETO I — FEHIZKE
St AL, GPU, FPGA EMNEMAEL TWAIEAIX, #
RDOBATHBAT 2T U, R DRI 34T e & 3BT
&5 FBzeT, HEEREZTS. KR DO GPU AE)

A7a—Rz2@EUT, SEfE b ZIEKB b 2#ERAL, AR
DA ZHERL /=,
S81%, E0EL DT TV — a3y TOENFHEKREE

MGEES 5. F7/z, HEHO A MEEDBEHZ2SE12, HL
PR & ARE L ORI N & MG 5.
X [}
[1] A. Putnam, et al., "A reconfigurable fabric for accelerating
large-scale datacenter services," ISCA’14, pp.13-24, 2014.
[2] O. Sefraoui, et al., "OpenStack: toward an open-source so-
lution for cloud computing," International Journal of Com-
puter Applications, Vol.55, 2012.
[3] Y. Yamato, et al., "Fast Restoration Method of Virtual Re-
sources on OpenStack," 12th Annual IEEE Consumer Com-

-79-

(4]

(5]

[6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

20]

(21]

(22]

munications and Networking Conference (CCNC 2015),
pp.607-608, Jan. 2015.

Y. Yamato, "Automatic system test technology of virtual
machine software patch on IaaS cloud," IEEJ Transactions
on Electrical and Electronic Engineering, Vol.10, Issue.S1,
pp.165-167, Oct. 2015.

Y. Yamato, "Proposal of Optimum Application Deployment
Technology for Heterogeneous IaaS Cloud," 2016 6th Inter-
national Workshop on Computer Science and Engineering
(WCSE 2016), pp.34-37, June 2016.

Y. Yamato, "Server Structure Proposal and Automatic Ver-
ification Technology on IaaS Cloud of Plural Type Servers,"
International Conference on Internet Studies (NETs2015),
July 2015.

Y. Yamato, "Cloud Storage Application Area of HDD-SSD
Hybrid Storage, Distributed Storage and HDD Storage,"
IEEJ Transactions on Electrical and Electronic Engineer-
ing, Vol.11, pp.674-675, 2016.

Y. Yamato, "Use case study of HDD-SSD hybrid storage,
distributed storage and HDD storage on OpenStack," 19th
International Database Engineering & Applications Sympo-
sium (IDEAS15), pp.228-229, July 2015.

Y. Yamato, et al., "Fast and Reliable Restoration Method
of Virtual Resources on OpenStack," IEEE Transactions on
Cloud Computing, DOI: 10.1109/TCC.2015.2481392, Sep.
2015.

AWS EC2 web site, https://aws.amazon.com/ec2/instance-
types/

M. Hermann, et al., "Design Principles for Industrie 4.0 Sce-
narios," Rechnische Universitat Dortmund. 2015.

Y. Yamato, et al., "Proposal of Shoplifting Prevention Ser-
vice Using Image Analysis and ERP Check," IEEJ Trans-
actions on Electrical and Electronic Engineering, Vol.12, Is-
sue.S1, pp.141-145, June 2017.

Y. Yamato, "Proposal of Vital Data Analysis Platform us-
ing Wearable Sensor," 5th IIAE International Conference
on Industrial Application Engineering 2017 (ICIAE2017),
pp-138-143, Mar. 2017.

Y. Yamato, et al., "Security Camera Movie and ERP Data
Matching System to Prevent Theft," IEEE Consumer Com-
munications and Networking Conference (CCNC 2017),
pp.1021-1022, Jan. 2017.

Y. Yamato, "Experiments of posture estimation on vehicles
" The 3rd IEEE Inter-
national Conference on Big Data Security on Cloud (Big-
DataSecurity 2017), pp.14-17, May 2017.

Y. Yamato, et al., "Proposal of Real Time Predictive Main-
tenance Platform with 3D Printer for Business Vehicles,"

using wearable acceleration sensors,

International Journal of Information and Electronics Engi-
neering, Vol.6, No.5, pp.289-293, Sep. 2016.

Y. Yamato and M. Takemoto, "Method of Service Template
Generation on a Service Coordination Framework," 2nd In-
ternational Symposium on Ubiquitous Computing Systems
(UCS 2004), Nov. 2004.

Y. Yamato, et al., "Analyzing Machine Noise for Real
Time Maintenance," 2016 8th International Conference on
Graphic and Image Processing (ICGIP 2016), Oct. 2016.
T. Sterling, et al., "High performance computing : modern
systems and practices," Cambridge, MA : Morgan Kauf-
mann, ISBN 9780124202153, 2018.

J. E. Stone, et al., "OpenCL: A parallel programming stan-
dard for heterogeneous computing systems," Computing in
science & engineering, Vol.12, pp.66-73, 2010.

J. Sanders and E. Kandrot, "CUDA by example :
duction to general-purpose GPU programming,"
Wesley, 2011

J. Gosling, et al.,

an intro-

Addison-

"The Java language specification, third



24]

[25]

[26]

edition," Addison-Wesley, 2005. ISBN 0-321-24678-0.

Y. Yamato, "Proposal of Automatic Offloading for Function
Blocks of Applications," The 8th ITAE International Con-
ference on Industrial Application Engineering 2020 (ICIAE
2020), pp.4-11, Mar. 2020.

Y. Yamato, "Improvement Proposal of Automatic GPU
Offloading Technology," The 8th International Conference
on Information and Education Technology (ICIET 2020),
pp-242-246, Mar. 2020.

Y. Yamato, "Automatic Offloading Method of Loop State-
ments of Software to FPGA," International Journal of Paral-
lel, Emergent and Distributed Systems, Taylor and Francis,
DOI: 10.1080/17445760.2021.1916020, Apr. 2021.

J. Fung and M. Steve, "Computer vision signal processing
on graphics processing units," 2004 IEEE International Con-
ference on Acoustics, Speech, and Signal Processing, Vol. 5,
pp-93-96, 2004.

S. Wienke, et al., "OpenACC-first experiences with real-
world applications," Euro-Par Parallel Processing, 2012.
M. Wolfe, "Implementing the PGI accelerator model," ACM
the 3rd Workshop on General-Purpose Computation on
Graphics Processing Units, pp.43-50, Mar. 2010.

E. Su, et al., "Compiler support of the workqueuing execu-
tion model for Intel SMP architectures," In Fourth Euro-
pean Workshop on OpenMP, Sep. 2002.

Y. Yamato, et al., "Automatic GPU Offloading Technology
for Open IoT Environment," IEEE Internet of Things Jour-
nal, DOI: 10.1109/JI0T.2018.2872545, Sep. 2018.

Y. Yamato, "Study of parallel processing area extraction
and data transfer number reduction for automatic GPU of-
floading of IoT applications," Journal of Intelligent Infor-
mation Systems, Springer, DOI:10.1007/s10844-019-00575-
8, Aug. 2019.

J. H. Holland, "Genetic algorithms," Scientific american,
Vol.267, No.1, pp.66-73, 1992.

Rose compiler framework web site, http://rosecompiler.org/

Himeno benchmark web site, http://accc.riken.jp/en/supercom/

Numpy web site, https://numpy.org/

Cupy web site, https://cupy.dev/

Clang web site, http://llvm.org/

NVIDIA system management interface web site,

https://developer.nvidia.com/nvidia-system-management-interface

s-tui web site, https://github.com/amanusk/s-tui

-80-



	名称未設定

	Title: ヘテロデバイス自動オフロード時の電力使用量削減評価
	Citation: 電子情報通信学会技術報告，SC2021-23
	Publisher: 電子情報通信学会
	Note: 
	yyyy: 2021
	mm: 8
	dd: 20
	version(English): [Version of Record(VoR)]
	version(Japanese): [出版者版(VoR)]
	_: ‘I‘ð“à—e1
	__: Off
	Author(s): 山登　庸次
	DOI: https://ken.ieice.org/ken/paper/202108274CeS/


