P RIS RFE T AR

IMPSYVHEIo 4]

Grid RPCAE#FBLET s —EINIT P UBREEHRAT D a1 —)bEgiB{k

B et =AKJE BHEZT, Jack Dongarra *
M EEHKRERER

National Laborator

BERECHTANLOBEDNS, HYU IO IR IELREFEROPIIWT ¢ —
NI SoNEEIRTWS, LML, FA—ENI O OREMRAYT P a— L E & d
BEDIIRBVIHIIAMENEELL, BEICEFICEVERNSLEE WS HESNHD. £HF
KT, YU RTHMETDITZIVr—2 3 2ERT572002 Ry 7ELT Grid RPC
SAFLD—DTH D NetSolve ZHVTEEN TN T XA BT HBREEREFMEOE T 21T
. EBROHE SWEFHEBRERL, TOEMEMEETE.

Optimization of injection schedule of diesel engine using Grid

RPC
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In order to meet increasing environmental concerns and more stringent emission regulations,
diesel engines that have high fuel efficiency with small amounts of NOx and soot are desired
to design. Recently, parameter survey of diesel engines by computer simulation has been
focused. However, for parameter survey by computer sirmnulation, high calculation cost is
necessary. Especially, when parameters are optimized by varying fuel scheduling and other
parameters, it takes a long time to derive the optimum solution. In this paper, the optimiza-
tion system for diesel engine combustion is performed on the Grid system using NetSolve
that is one of Grid PRC systems. In the proposed system, the genetic algorithm is performed
to derive the optirnum solution. During the genetic algorithm is performed, the evaluation
part is executed in parallel and NetSolve is utilized. Through the experiments, it is expressed
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that the proposed system is very effective to use on the Grid envrionment.
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GridRPC OFEZEITIL, KEI TS NetSolve
BEET .
2.3 NetSolve

NetSolve®) 12, Tennessee X% Innovative Com-
puting Laboratory @ Jack Dongarra HiZ & > TH
BENTWB Grid RPC VAT LD 1 DTH5.
2.3.1 NetSolve AT ADBHL

NetSolve DL %K 1 12783, NetSolve Tl
Client, Agent, Server D=ZFEWNEETS. JU vy
FDIATSURPN— RO T7RERLIEVWT T
V4 —: 3 i3 Client £72%. Client i, 7,
Agent IR L THAELEZWEBEORWSbE 2T
3. Agent Tid, #EY)7x Server 3R L, Client
ICBNT 5. 0%, Client 12BN N7 Server
WEENRDT —5 %3%5T 3. Server TFHED
EfTEN, Client 11 BHRZZET 3.
2.3.2 NetSolve [ZEITS RPC ORITER

NetSolve O APl ZHWT RPC 2E7 ¢ 558
R 21TrY. ZoHTIE, x, dim, {07 KL A%
ZIBUT U T rastrigin EWH HIBEOMBER%ET-
TW5. status IZiX, RPCHEHL =M ESHhD
BN,

NetSolve Agent

NetSolve Server

{1) Reguust problem
{2) Chnice Server

(3) Submin data J

{4) Receive result

NelSo

B 1: Architecture of NetSolve

(status = petsl("rastrigin()", x, dim, &f))

B 2: Example of RPC

NetSolve iIZIX, RPC DETBROFERME LN
HETUEIELZNZOvF L RPC &, 4
mpagEEEhian/ > 7oyd 25 RPCOREE
nNTnws., /J709F 7 RPCZEZHRVSHE,
JTO0F 72 RPC 2E T THUBLITINT, #HR
ERITRBEHONBERRTILENHS.
DEEFEK 3ITRT.

Blocking Nonblocking
|\ Request RPC I Request RPC
Y
I Wait Completion l
No
Check
Prabe Completion
Y
Receive Result | Wait

3: Flow of blocking RPC and non-blocking
RPC
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ICHEASNE RPCMETTSETHIETDIL
Wis.

communication time
/ calcuraliontk( Y
RPCY |27 04 % ESCoRNgg poseanes

RPQ Bt

Farming stant Farming end

& 4: Flow of Farming

Farming 3, 5DOLSRBEXLTHTHT. Z
OFITIE, rastrigin EVWIHREIZONT, BYIO
RPC {Z, x.arr|0], dim_arr[0], f_arr[0] D{EAED
1, RO RPCIZ, x.arr[l], dim_arr(1], fLarr({1l] ©
{EXEDNS. FHkiZ, &35t 100 B0 RPC FEAT
N3, WIFNADRPCTIS—NREIHBE
i, Ba%lstatus ICLS—HFHEBMEINS.

4 N

status = netsl_farm(
"1=0,99",
"rastrigin()",
ns_ptr_array(x_arr,"$i"),
ns_int_array(dim_arr,"$i"),
ns_ptr_array(f_arr,"$i")

5: Example of Farming

3 mB{EHE
3.1 mB{LHEOEE

miS{Eid, Optimizer & Analyzer E1Y5 2 DD
Y7 bhoxTholikEns (K 6).

candidate solution
Optimizer | Analyzer
" evaluation value

search candidate solution evaluate candidate solution

K 6: Structure of optimization
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Search point

\5 “ = Candidate soiution

Objective function

= 01010110 01101011 )
X1 X2

B 7: Schematic of GA
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9: Structure of system
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FNIET B

EHETE, S«—FNIZT P UBHFK
HIDECS &) %{&Ef$5. HIDECS i, BE5K
SO THREINET 1 —ENRBREORRABWET
VD1 DT, BHE (Injection Rate), KKIKE
(Atmosphere Condition) 2& %2 b &IZ, T4 —t
WREEEZIal—bhL, RECKRFELEYDE
REZRDDIV I +ILTTHS. '

NetSolve Server T2, HIDECS ZHWTT « —
YIWVID D2 ORFEENTONS. £TOFMA
SHEMHETLR S, NetSolve Client {3F¥Hi{E % 5
AL TROERMEEZTTS.

NetSolve Server 1213, B 10 DX 572 IDL %
FAETS. Server KIOMBERBTHILICK
b, HIDECS ZAWeT 4 —¥IVIL 2V DR
SHBEETS I EMIAELZ S, Client M5 Server
W, BRETERETOEEMIEEEINS. Server
L. HIDECS 2%£f7L, &R& L TH SN 5 SFC,
NOx, Soot DfE%RY. RIHZHOKIT I ET
By, MFRROKEIBTHS. Tokd, 18

OFMFETORERIIETNIZLE AW,
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QPROBLEM hidecs

QFUNCTION execute_hidecs

QLIB $(HIDECS_PATH)/1ib/libhidecs.a
@DASHI $(HIDECS_PATH)/include
Q@INCLUDE "hidecs.h"

@LANGUAGE C

@MAJOR ROW

@PATH /engine/

@DESCRIPTION

HIDECS diesel engine simulator
QINPUT 1

@OBJECT VECTOR D x

Design variables

@OUTPUT 1

@OBJECT VECTOR D eval

Analysis results(SFC, NOx, Soot)
QCOMPLEXITY 1,1

@CALLINGSEQUENCE
QARG IO
@ARG mI0
@ARG 0O

QCODE

@00@ = (double -*)calloc(3, sizeof(double));
*@m00@ = 3;

execute_hidecs(QI0@, *@mIO@, @O0Q);
QEND_CODE

B4 10: NetSolve IDL of HIDECS

5 HIERER

GA OEEEE 100 & L, 1000 BIOFHESTE (100
@D RPCEXRZ 10E) 2FETTHDICEL /=%
MO EIZITS. 123, SEFMA L7z NetSolve @
N—2a i, 15THa.

FIALA-ERBERZXR 1IZRT. X 1IRT &
I, FALESHEERIIBEORAZD ) — Ry
BRENTNS. &/ — K1 100Mbps D FastEth-
ernet T7 7w MIEBHEINTWS.

7= 1: Specification of PC cluster

CPU Pentium II1 600MHz x 32
Type A

Memory 128MB x 32

CPU Pentium III 850Hz x 8
Type B

Memory 256MB x 8

CPU Pentium III 500MHz x 12
Type C

Memory 256MB x 6

ZI1OVSAXYEFAL, KONF =200
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TEHBIZTTS.

(A) Type A @/ — R D% % Fiff

(B) Type A & Type B 0/ — KZFIf
(C) £TH/— K%FIA

79, MRMER L L T, Rastrigin BRZEREL
TBHIEE#EXD. Rastrigin BEEE, K (1) TE
HIND. JOMBIERICGRICEIEN R
B, TOFEMMRIBEALEBEATES. 2, &
B REREOXTTHZ 10 & L7z, &> T, Client
- Server M TOBERLIILALBERTELEE
TH5.

flx) = —(10n+ Z(z? -10 cos(27r:r,-))) (1)
i=1

-512< z; < 5.12
max(f) = f(0, ..., 0)=0

20 ERIT TOERTHBOFESEEK 11 ITRT.

1200 S
1000 |
800 |-
600 -

400 -

Elapsed time(sec)

200 -

0
A B C

Pattern
11: Elapsed time(Rastrigin)

B 11 kb, fIA/— BEEEINE 8 THETR
BNCELS W EMbhd. TOZEMS, §E
SEDOENBBIZOWTIE, NetSolve IZ X 53¢ H
STREABOUF{ENBREL BNV EDbMS. £
=, 1 HROHBIZH1NOPEZEELTWRZ &M
HnD. Server TOFEREFRS Client - Server A
DOBERMIIERTEIRETHDDT, 1008
® RPC #{ AT BB D Farming DA —/N\—A v
RiZ 110 BIBETH B I &b 5.

RIZ, RECATLETA—ENVT D U8,E
WHAT Y 1 —NVEBCERICERYTS. J 0
BEIEWGESRELEEL, | HOFEEHEIC
Type AD/—KTiL, $¥29%, TypeBD/—
RTiE, $1208, TypeCH/—FTHL 34
ZETS. WEEHTTOETHMOESEZE 12
IZRT.

Elapsed time(sec)

A ) c
Pattern

12: Elapsed time(Diesel engine)

M 12&b0, FIATS ./ —FEREENESEHITM#
W, EFRKELEHHNERINS I &S,
TN EMS, NetSolve IZ&L BiHlistE L D
SHEEAATH S Z Ehibns.

1 R DETIZNY— 2 A T3 2408, NH—
B TIEA08, "¥—2CTIIP200HEE
LTVw%. 100 {EH® RPC ZAE T S D Farming
OF—=N—"~v RIZ 110 HERETHDDT, &
DOHNIZE SN RPCHETRET T B ETORFE
B7ZEEZX 5N D, Farming THREOMNEER
MESHTHS, HEENETRHO TS X TOR
BWEBICDOWTERHNLE. Ny —IIBiT 5%
R oK, BME, FHEEER 2177

7 2: Wait time
Pattern I max(sec) I min(sec) I average(sec)

A 241 53 121.3
B 204 48 94.37
C 202 40 8143

£24&D, /J—REEZEHEMIEZITONTRHFE
REHIDELS o TWA Z &Mtbns. i, FIE
T5/)— REZMPTIEIIELD, 1 /—RIZEID
YTSNBBEHEEDELL, &/ — R TONE
MNE< B M THEEBABNS. F/=, &
TIE> THEBBOESIIESDENDH B &
MHMB. NetSolve Tld, FIFITIHEL Server Drh
M55 LADBIRE NI Server ICUEBHIYFA X
a7, 180/ — RIZUBNERT DS &M%
A6N5. EEOUBSEFICRASNLES, 1
DOUBIZR D Y THSNHMERHNE<S S
¥, EEOIHEBRINESRBIDIELEEIASNS.
RICBFRO—FERYT. RELTVRBI
o, YN F -5 1T O Caterpillar
300 ) —X b IwH TP THB. TV
DOERERIITRT. .
MMREtOEI>, X ER—THB. h
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# 3: Specification of Caterpillar 3400 Series

Bore (m) 0.1372
Stroke (m) 0.08255
Connecting Rod (m) 0.24
Cavity (m) 0.06
EPS Compress Ratio | - 15.6
Nozzle Number 6
Nozzle Diameter (m) | 0.000214
Displacement. (1) 2.44

LDEREEZRAKELDD.

#% 4: Operation conditions of baseline case
Engine Speed (rpm) 1737
Load (% of Maximum) 57
Start of Injection (ATDC) 35
Injection Duration (CA) 205

Fuel Rate (kg/hr) 6.97
Intake Temperature (Co) 32
Intake Pressure (kPa) 184
Exhaust Pressure (kPa) 181
Exhaust Pressure (kPa) 181
EGR rate 0%

EBRTRYEK? LRBROFHALROEZEICLD
B#@{EET>. X Tk, 3ENEEEMICE
AEDITHIEITLD, | BHOREERIIERL TY
3. Eie, RERLEHEEEFHRTTIVOE
ED—DOTH5KIVA 2FIAL TS, KIVA L
SFE X MOERICE WD, Z<DENERLE
HETSIENTERW. ZTOD, REERE%E
RAFIELSEDOTRRL, ATy TITERE
B EIRGEREREL, HBEELETHO>TVS.
B4 OFETHR, AKICZENRELET>TY
5. EALTW2EENT7 NI XL, Neigh-
borhood Cultivation Genetic Algorithm (NCGA)
TH58 9,

FERTH, 2BRBOZERHNER, T—X b
JE (boost pressure) 3L EGR MERETEKTH
3. 2BHMOLBEARIRERRT ST, £
EDOEHF M (duration angle), AiE DR
(dwell between injections), #ii2EER5 TOMRS &
BIS (percent of fuel in the first part) ML E &2
5. MEORFOBROMHFRIIF—&ELTNS.

ZD>5bH, dwell between injections & percent of

fuel in the first part WERFTER LD
AERBRTIL 4 BHRORNLEBNEFET DN, T
NoSOEOLETRIEZEEDHDTE 5ITRT.

% 5: Range of design variables

Item Min | Max | bit for GA
Dwell between

injections (angle) 0 12 7
Percentage of

first part (%) 50 84 7
Boost Pressure

(kg/cm?2) 1.62 | 1.83

EGR rate 0.0 0.50

NCGA TR 1#dIb 20V FEFIAL T
N3, FRIIZEIIHLTRHAL TS EY M
BESICEOLYTRLTVS.

F7=, NCGAIZBIANTA—FIIEX 6 RT.

7% 6: GA parameters

Population Size 200
Crossover Rate 1.0
Mutation Rate 1/bit length
Terminal Generation 100
Trials 2

H 13135 hi/SL— FRERESERT.

ZOHTIR, BMESEIBNERICRRLEZDD
EEDLET2RAEFEBIHRELERERL TS,

ZOBEIZBNT, B BIIMERERERS. =
= BARETD TRERELTEShbD %
HIDECS CTHELLHERTHS. ZOM A IBRKRE
HEEICTE—HNRBELICL>TRHRON-ER
THb.

ZOHEE D SFC & NOx 3L U Soot & SFC ]
L — KA TOBERFETD I MBS M
THD. £/-, [EHFIZSFC & Soot ElIZIZT FL —
R 7 OMRIIA BEOBENEET I &Y
bhad. oI, DREBIEINL — MREfRE
BMSIRAKELLHENTLS. '

BAENL-IREBESOERZEITS EAD
EABASMERD. MARNL - MRBERESD
—DTHD, TONOx{BERFFEITASH. LML
72A%5, SFC & Soot DERENIEERNWHLDTIE
v, Zhi, M A TEORERESHTE/NL —
CMEEDLARBEDIMEESTHD, SFC OEMNED
fHETRIFEEAERUTHH I ENEBHO—DT
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13: Pareto Optimum Solutions

H5H. TOXORBE, EROENBEBIINL T
HAHAEZZEL, BE—BYOMBRIZEZELT, %
ROBIERFERBICRBTHDIENING O
RNSHHALHTHS.

Fho XET) TRAARBEROBELDOZA T
Tho@BiBonTns. FRAUCHLT, £F5
TRIEDRAFTvITTNL— MEERESDOTX
THFoNS. CHhidHFEAERDOEVWRRRET
NWERALTWSEDRENTITY ZAICBN
T+45, HISERTAZNSTHD., 5D
EEMSBBKATTNMEEHTINIT) XL
BLTHWBIENDOMS.

X 14, 15 11, &5 - Bl OREPEF IR
D55, SFC BLWK NOx D% ETNEN/Z/NMME
TH5HDEXRL TS,

(4145 SFC 2m/hETHEKIE, MIFOE
NOEETE OREEBRSTRRTHDZ &Mt
M5, —h, NOx {ExR/MeT BRI, EE
Wiklp—F IR BEME I LT 5.

DL, ZEMREBILETOIILET, #E
DEN—FEIBDITENTE, TNV
CORFABICE>THERREHREFD Z &M
[

8 SFC = 171.138
. NOx = 7.92603
S Soot = 0.0169457
2 6 -
] Boost Pressure = 1.81688 (kg/cm”)
@ EGR Rate =0 -
£ a4
<]
-2
Q
@
= 2
o
0 ¥ T T T IW
4 8 8 10 12 14 16 18 20 22 24

Crank Angle(degree)

[ 14: Injection Shape that gives minimum SFC

6 HHLYIC

FHATIE, KRBREERETHD )y BT
BL, Grid RPC A5 AD 1 DT3H5 NetSolve %
AWTEENT IV T) X LB DR HRFMEO N
SUEEITH/z. FHEAROE[FREE LT Rastrigin
MEITER LR, FEaFoRVWERMoEgEIR
Farming ICXB A =Ny ROBENKELL Iz
TLEW, BIHEHNTEELB NI &b
oo ORI, BOEARAMELELTST4—HEN
I MEMER A P a— )V REEMEIZER
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10
1
I SFC = 205.615
8 | Nox=00140403
5 Soot = 0.214104
% 81 Boost Pressure = 1.65938 (kg/cm®)
[+ EGR Rate=0.21
E -
-3
<
]
:5" 2
0

5 8
Crank Angle(degree)

10 12 14 16 18 20 22 24

B 15: Injection Shape that gives minimum NOx

L7HER, /— REoBmick- TRORMOE
BRI N. colsk, HEGROSN
RIZEIZ DV T2 NetSolve I L 2B FULBEHTH
HENRD.
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