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Application placement study of environment adaptive software

Yoji YAMATO

T Network Service Systems Laboratories, NT'T Corporation, 3-9-11, Midori-cho, Musashino-shi, Tokyo
E-mail: fyoji.yamato.wa@hco.ntt.co.jp

Abstract To use heterogeneous hardware, programmers must have sufficient technical skills to utilize OpenMP,
CUDA, and OpenCL. On the basis of this, I have proposed environment-adaptive software that enables automatic
conversion, configuration, and high performance operation of once written code, in accordance with the hardware.
However, although it has been considered to convert the code according to the offload devices, there has been no
study where to place the offloaded applications to satisfy users’ requirements of price and response time. In this
paper, as a new element of environment-adapted software, I examine a method to calculate appropriate locations
using linear programming method. I confirm that applications can be arranged appropriately through simulations.

Key words Environment Adaptive Software, Automatic Offloading, Optimum Placement, Linear Programming
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GPU ® FPGA, A=—2a7 CPU%%2MHTES LSz, &
1, VYV —AHEEEHE T, TV Tr— 3 vEENRE
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2. BE &K1

2.1 AR

BEEIGY 7 b 272 LTI, Java H 5. Java i, K
MET]RIETH 5 Java Virtual Machine (2 & 0, —EARL
7z Java I—RZ2HEDOI VSAIVAET, BB A—-h—, &
%% 0S @ CPU XY Y TEIEFEE TS (Write Once, Run
Anywhere). U U7ZD6, BITHT, COREMERENH 00
broT, BITRTOT Ny ZFPoMEICET 2 F 2 —= v DK
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GPU DM FIFHH N7 — 2 B AL TR WD DIZH S
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BEEe LT CUDA KL TW5. CUDA i GPGPU |4l D
NVIDIA #OEE~Z D, FPGA, A=—27 CPU, GPU %D~
TRRTFNA A%EE L & D18k 720D HkkE LT OpenCL »*
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%, CEBOWEREZITVWI 0T I LETOREN, TurIh
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NV F a7y CPU FIFIZHENEIHERE 2 R D a1 5 & L
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Fa—=VI%EEDIKEUEZD, OpenACC I 231 & ZHN
CHEY) M5 PRI 2 PR U7 6 Z e nTna.
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DEMIFFBEINTHRN.

2.2 RIEBEIGLEOTO—

V7 NY o7 OBEEGHEEEERT 5720, FHIIK 1 OUNHE
TH—ERELTWA. BREEIGY 7 Uz TIE, BREGEIGHE
REZ UMD, MREFEREE, PEAEREL, 7 A MU —ZA DB, I—F
& —> DB, #fii) VY —2Z DB OMREREANEET S Z & TH
fEd 5.

Stepl I — Ra#r :

Step2 7 7 10— N REHE I HY -

Step3 WY 7 4 7 10— REEEE

Step4 VYV — AR

Stepb B Bl %

Step6 EAT 7 7 1 WVHELE & BIEREE

Step7 J#H HHEHER

ZZT, Step 1-7 T, BREGHIGT D27 DITnBEE D, a—
ROZH, VY —AE&0OHE, WMEBFOWRE, MEE, &S
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a: Device usage cost
b: Link usage cost

C% Device calculation resource limit of #i

C; Link bandwidth limit of #j

C; Data size of #k application

A% Whether to use of #k application on #i device
A Whether to use of #k application on #i link
B& Calculation resource of #k application

B Bandwidth usase of #k application

Bf: Processing time of #k application on #i device

B3 KUERIERD/ST A =&
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P=nNDY Y =2 LEZBITHRVWLOHIRISMAEND 5.
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TOREPBELRERDOEEIL, (2) ICFET5 (5) DAA D
BUMEDSHBEE L 2 0, (1) ITRIET 2 (6) DISE R A
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(1) RO (6) &7 7V — 3y k OIGERRH Ry, 23IET
27-HOXRTHY, (1) OHEAXHKELR, (6) DBEEIXHINER
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AN (fitg) Py 23HT 27200 TH Y, (2) DEEILHIK
&Mk, (5) DB IFHMBKTH S, (3)(4) 1F, FHEY V-2
BB EHIED EREZET 2HHLMLTH Y, MBI EE L
=7 TN = avESTEHEI N, Fa—Yo7 7V r—
vavEBEIZ LD Y — A EROMIE %R

(1)-(4) BV, (3)-(6) OFEEtEORE, Fv h7—2 bR
OY—EWM7 7V r—rarvixa47 (CPUIKKTEZIAR
B MERENSE), A —YERk, MEEBEY TV r—vavoRi
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TREZEHTZ LT, @YRT7T 7TV —va VvEEBEEFHET
&5, HYREFEZICERORESZ, HHOa—FIZHLT,
ERAT > TV Z & T, EROT TV r—yavhga—+%+o
FRIZEONTEHEINS.

C
Re= Y (Al BI)+ Y (A o) (1)
i€Device jELink k
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4. T i
MEsHEREOERCHEIE, EEY LD GLPK 2 HW

T, BEROT 7V =y a vBETIICEEI TN Z e %,
BONPDOERMELEEL THERT 5.

4.1 &4

4.1.1 ®NRT7 TV Ir—vav

ENROT TV r—vavid, £<0a—¥rfHTse
MEShS 7 —) A HHRLE L 55,

77—V TAHYLE (FFT) 1%, IREIEEBO 25, ToT T
DE=ZX ) V7 ORk* BRGBETHHAI N TWS. NAS.FT[38]
2, FFTABO A —F Y — A7 TV r—va vD—D2Th
5. fHANITOF Y TIVF A b D 2048%2048 ¥ XDEHE %
5. IoT T, TNAANST—R%EXY NI —JHRET ST
TVr—vavEBEILEIZ, 2y NI —2 A N2 RIS
&b, FNA AT FFT WSO — RO %2 L Ti%ES Z 213
EINb.

MRI-Q[39] i%, FET 77V bZEfD 3 kot MRI FEARL 7 Vv T
VDALTHHAINEFY Y T L —va v HOAxy F—HEf%
£IT1TH Q 2FHHET 5. IoTEHETIE, AT ETALLD
HEIEGO 72 DI EGUIER BRI R 5 Z e H %<, EGLE
DHEA 7B —RAD=—XEH 5. MRI-Q X C ST 7V
r—avT, N74—<VAREFIZ 3 Rt MRI GG
%9347 L, Large ® 64*64*64 B 1 ADY > T F— X % ffif]
U TR 2 JIE 5. CPU WL C Ei5T, FPCA LI
% OpenCL IZED S XN 5.

## 0D GPU, FPGA BEIA 71— N [24] [27] i & D,
NAS.FT i GPU THE#{LtTE, MRI-Q i FPGA TaE#{LT
&, ThEN, CPUILHART 54, THOMRELTE Z 220
MRoTW5.

4.1.2 FFffi F %

TIVr—ravEiRET S MR Y—kX 3 ORRIZ 38T
MR, 2759 NbA Y —ofssiis ¥V 7TvoL
1¥—1320, =Ty ILA¥—ik60, 17y /=K
12300 &35, IoTEDT7 TV r—vaviflelLTta vy 7y
N/ —=BR25 0T T—2%Na—Fzy ViciEshn, 77
F—va v O (EERMOTEREHE) BT, 2—9
TyY, F¥V Ty ITHNUERINEZD, 75T RET
T—REHIFTLOSMILEI N IND.

DHIRLS 2 Y — NF 2 TH—HEEOMRIEEETH Y, Y —
N Vo O ERERAIKE, HEHENRD D, S OGS
BRCik, FHEMNUTOSEHTHRD . HHAZ, 777 KT,
P —NZ CPU =8 A, GPU 16GB RAM DY —N4 A,
FPGA ¥ =128, %y b7—=2Tw YT, CPUHY—/N4
A, GPUSGB RAM #—1 2%, FPGA Y —N15H, 2—¥%
Ty YT, CPUH =224, GPU4GB RAM ¥—1 14
9%, $—=NTAMIDOWT, CPU, GPU, FPGA #—N
IZDWT, Y— NOEHERIiK & LT 60 5, 120 /5, 144 Ji%
1ETENT 2L, y—N15H502Y Y -2 (GPU Tk
16GB RAM FIfHKE) O A% 5 A, 10 A, 12 A& Uiz, &EH
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RO, Ay NV —F vy, 2V Ty VREEIIRD
ELT, 79U RD1.254%, 1.5 EOHEEE L.

VY7220 Tl, 777 R-F+v U7y VHiE 100Mbps,
Xy 7Ty V-a—H¥xv Ui 30Mbps DHIEL RS N
TW5., VY7 IARMIDWTIE, ToT =¥ A[EITD OCN
ENA )L One 7 )V MVNO OAfiliig% % 5512 (57— XigkE
500MB % TH 500 [, 1GB % TH 800 M%), 42 100Mbps
DY > 2 IE A% 8000 FI, 30Mbps @Y > 7 1&H%H 5000 FI &
U7-.

TV =2 avAHHTE) Y — AL LT, MEREE,
Bz GPU, FPGA I24A 70— R L% 5. NAS.FT
&, MY Y —281Z GPU 1GB RAM, FIH##E 2Mbps, #z
%7 — X & 0.2MB, WHERK 5.8 TH3. MRI-Q I3, FIHY
Y —ARIE FPGA ¥ —1D 10% (FlipFlop, LookUPTable %
DR FPGA ORI Y YV — A4 3), FIHHEE 1Mbps,
Rk T — X & 0.15MB, WHKRE 2.0 TH 5.
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T A MMIBEISERED EIROSM % BN (Blik 6 7, 48)
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