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TSUBAME 2.0 — 2.5 Thin Node Upgrade

Thin Node

Infiniband QDR x2 (80Gbps)
Peak Perf.

4.08 Tflops ~800GB/s Mem BW
80GBps NW ~T1KW max

HP SL390G7 (TSUBAME 2.0 TRH , 2.5 BITZUE)
CPU : Intel Westmere-EP 2.93GHz X2

Memory : 54,96 GB DDR3-1333 SSD : 60GBX2, 120GBX2

GPU : NVIDIA Kepler K20XX3 1310GFlops, 6GByte XE!) (GPU &)

Multi 1/0 chips, 72 PCl-e (16 X4 + 4X2) lanes --- 3GPUs + 2 IB QDR

Productized as HP ProLiant

SL390s

Modified for TSUBAME2.5

NVIDIA Fermi M2050
1039/515 GFlops

NVIDIA Kepler
K20X 3950/1310 GFlops
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Application TSUBAME2.0 TSUBAME2.5 Boost
Performance Performance Ratio

Top500/Linpack 1.192 2.843 2.39
4131 GPUs (PFlops)

Green500/Linpack 0.958 3.069 3.20
4131 GPUs (GFlops/W)

Semi-Definite Programming 1.019 1.713 1.68
Nonlinear Optimization

4080 GPUs (PFlops)

Gordon Bell Dendrite Stencil 2.000 3.444 1.72
3968 GPUs (PFlops)

LBM LES Whole City Airflow 0.592 1.142 1.93
3968 GPUs (PFlops)

Amber 12 pmemd 3.44 11.39 3.31
4 nodes 8 GPUs (nsec/day)

GHOSTM Genome Homology 19361 10785 1.80
Search 1 GPU (Sec)

MEGADOC Protein Docking 37.11 83.49 2.25

1 node 3GPUs (vs. 1CPU core)

%2 TSUBAME2.0 55 TSUBAME2.5 \DIEEEM
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HbHYIc - TSUBAME3.0 IZMmIFT 5

TSUBAME2.5 D7 w75 L—RIckW, TSUBAME2 DiE A HARIE
SELEICHRUTz, RAE BAIETSUBAME3.O DT DEER i &
MR L. TORFEITOTVBD FISBNcLIICERYH—
OFmEROTOLY T OBEREITVa1—IVICEREINS, R
TSUBAME3.0I& 2015 E kR (2016 5F3AK) FCOBBEEIEL
TWBH. ZDHETSUBAME2.5 ELTIE2EH DL E. TSUBAME2
SRELTUISFEFIEVERRABLEG S, COLOGERAERTL.
TSUBAME25 DERDEEDHDE R CLE ERERET DA
SENEFREBLTVSTEDEERFIND, THUETSUBAME2.0 DE%
SHORBERICIHASREZED Thofccbs, ATV L—
ROBI BT —F TV Fv ChofcBICHEKT D,

TSUBAME3.0lF#k47%a3 LWLNT 0/ OV & EEL. 25-30X2 70Oy
TREFEICKBEMEER EZRLGEHS, TSUBAME2 EFEIFRED
YAREEEBIDERSIN, TDDICERLA NS EELD
RAEND, Ffe. VI T 2RO, /ORI BEED K
BRI END, TNOSDFMITEY v—F VDN RDEETHS
NMCLTWF ETH D,



FET NV MEICEDSGPUTINREN T
CERBERAESBROD FENIFFE

BETRE ARKT \ERX S8 RBr BT e
RBEBX** P HFR**

F—RRHEEANAFEREBRICO Y- T L HRUTBUEAEERMBERRR O KRAFEQEREM

Lol

Ll

EXROBRRETIH. EXROEETZ2V/N\VEDMFBEDERBENIINEEVH, 2 NNJEOIEKEE 2l —
Yavik. BHTHEEZHLZLV, ROFEOHNHDSHEE 2 R FEOREREERDFHETHS, ZI T HEHEEIER
EED THREGIETESH FE (Zero-dipole summation®) #BFEL. cINERELGPUAFIBITZEE D F
Zal—>3a>»V 7k (myPresto/Psygene-G) ZTSUBAMEICHHEL Tz, TDGPURRIZ. WDH D2 /N\VEICEALTE
fER. CPURRMDY 7 b7 &WE30B0EREREZTER L, INERRICBEVWTEELZ—F v ThHBG-Protein
Coupled Receptor (GPCR) DiER EPIEBEDIESEICH ITEEBEZLOBETITERL. TD2 Y /INIEDEHIEED
R CEDTEDREINT,

= i}
14 Loble ’I BRI F P F 2

(Zero-dipole summation) ;%

HEORREICEZ ARG IR NDESNEREZ N e, IEa— J—OVHBHAEFAABRE TR BEPMDOREMEEDRL S,
R LDEEMBFEFIBEDREL, EXROFEMIE GE> BEICKDEMAGEEERAY M VIFFENT BUICEEIN
INOBHRZAM (GPCR) ZIRN D FELTH AT ST, GPCR BN EICTIZ D, MADBRELIDIF N FROT X)L —
CEEMDBERE BEHK) OFEYIaL—Yavid EXER ERRDDOBIREC. TLTERBLEDAYTIUXAV OB Z T A
HAEICBVWROTEECHD, GPCRIZ. FKRICHBEEELDS FFTRICARTHY. ESIPERNT =T T777 FDINEWFIEIC
BERRAIEENTHED TOOEHBEIC OV TILARBIED I TROBIETHD,

FRBENDDHD, TOHER 1’F§B¥%Lﬁéﬁ¥®¥i/f\£c&:’f(\ COEBRDRRBDD. ZLDHEDEERTHS [ZHhKRT>
GPCRIFIRFDIEEZAL (induced-fit) ZRL. TOEGHEIE Yy ) VBB TR 1, SHITRRT D) LD, BEEDH
Llc Lo THREZRIBLTV S LA DD D CET, mduced—ﬂt’@ ICERELCEARZEA ﬁb‘) BXIHNMEE B EEF
B INVBOHNEBZERTHICIE. D FBNF (MD) 5% q; RUZNSH N T B B TIEDIEEL L% B9%., £anfkz#EoT
FEBLBEY Y TV ITDEMCHS, WBERIETIE, BZERICHELLERDORREIIESEZOT 12D

ETAT, BORBAFEEDIEIVT7IVIERICBIT 22> 1\0E BB FOEVICIE T{EADDF AT VEHNVLOHWNTVEE
DIAEIEEY T2l —avid BOTEHEENZL, REFEOD EZ5N5. TOB. aIxVF-RBRILERIFELZEEV. BB
DBt EIE. RE#HECZTOREN B 2R FBIOHEREE SHUBEEEBANIEUFEF Y ILENE LI BRI FOEM
RO ETHS, ZT T, BEREFRZEO THRLGHETE IERDESOTVT, ZORE R RBUE 1/r KVEBECEHREINTNS,
B F% (Zero-dipole summation’s: ZD3E) #BFL . A COESEMEMARICEDE BLIZ.BREEGIIRFE—AV
BT INERELEGPUERIRT 2E@ED TV Ial—3ay FOFRMEHEEEZ, cNZ _HEEERMNCIROHRE R L%
YV 7k (myPresto/Psygene-G) ZTSUBAMEICHEL Tz, TDZD BRLEY, ZOHEEE RD2DOEBEHSED  (A) KHF
AT EBEEMASEREFERE 12 ARREDOLENEEE [ ITHT2ETORFHESDEELTE LT HMAE. AU DES
ThHYNFT795—H. REELINSDOMEEZ DY MF TE EICEWD M. C N DEFEEIZEREL M, ICEBIZMTEEHRZS (®1) ;
feAA—VBRTRVAGTO. BREED BRI T HEEER (B) ZOHFlicEXHLIMICBET BT RIVF—% (BfEIC M ZE
ICHEWIES A RIETES, AR TIE COGPURITOMDTO HI2EEO . TOLSEBMERTEMNTRDODEDLDIC. 2K
5 LimyPresto/Psygene-G&TSUBAME L CiR@E . EHnit RT Vv VBB DORZEZS,
ELIEGPCROET IVIEEZE D T Ial—avIcKUBEL, 7
DEMFEEEBRIT LI,

TRFRE R B REIE N A



1 FERGERIERE. PHERAEOHEINSC
FREBOMADS5DHFSDHZEER VAT

TOLTROSSNIROBBEEMFATRILF—IE ROESIC
®HENB"Y

%El > 44) [y )-u ()] - [@Jr%]zq

<

»

e

u(r)- erfe(ar) | [ erfe(ar,) | %exp (ca? )} ”

2
¥ 2r,

TTTC. AISER/ S A2THY. erfc l3@REEHRTHD, —
BRONFRICEBITBDICIE. EDDEEHIRETHBZY, D
FECIE. @IV F—HDHBEEERBEEEHTMEBEOH;TE
TNBOT. 7OV S LOBELHETHY. BHEEFTEKICBWL
THEIXMEDERFTCES, HFHENHAELZY, BEDAH Y
FIBEBECERRDY A XA ECHESE O (N) FHED B BEICED
T<B, TNIE. BEEEEGEwaldAFEEZREEIND, THIC,
ZEHZHEwald AZICBVTURES NS B B R & A EERIC
BLWATEDT—T4T777 MBIEHINTLAY, ZDATIE. T0
SOGROBEGABREIFRELEZVL, A RFX—XDHY
A THMER L—RABEBEEFE>TVBTEDBEELT, YT Ib
EWSTEAMTE RD (a) EODRE. (b) TXIVF— (— &

107.227A

82.607A
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ITIEBEARADAZTE) DREFE. WD BEEEYEHHEED
REFENDTD. TNESDOEBEEMFEEERNLINDS, FIRIE
particle mesh Ewald3&, fast multipolei&id, TRV F—EB R
BT 2HETHEN TDOREE. £4. (a). (b) ICTTHLOHRED
H%. IDEDREEICDOVTIL BT, BLDR " IcbW\T. +59
BEEBETBEARIEENT NS, HIZIE BRI BGPCROFZ Y
TlE 12 A0y b4 7REBET. TRIVF—RE0.04% DI ERE
BilLic, Mo AZEBECHNENEL TCERTZHITIE B
R DRIBAZEL 55,

ZMSEICEBALTE 3

TSUBAMEIE, ZEDGPUT7 /oL —2&BEH LI ATE
FTEBEICSOTERINTLS, LIzAA>T TSUBAME®IFDMD
& 7S L—RIc LB MEEZIF O DU T O AZRITL,
TOCABOT — 2 ESRER Y M7 —7@BEENLTITO.
CPU - 77t ZL—2EEEDEELGH>TNS (K2),

ZER D EMD (myPresto/Psygene-G) (&NVIDIA# & GPU% 7
IS L—2ELIBL ST ERAIFICEREENIZGPU - MPI#E
BROLHTOTSLTHD, TOTAY S LIE. REBRT DR
FTEERZEETHEIL. 20D ZE-ICFAET2RFOMDE
HUF|TEROERER (MPITOLR) ICEWHE TS, BUHT
FEMDETEDSE 2 R FEIOMEBEEAFEIFGPUICE S THES
N5, £fc. COBEFRFTE TR ELZMIETHH D ZEEDRE T
BHROMELGE TOTEMEERAZ2RTFOBEH. BLUERE -
EAREICREE T —2DEEIGMPIBETRIEINTWVS, =
BB EEEERE 12AREDEVEETHY N T TES
ZDIE. TREpEIcLBZERILICELTEY. 20T OV T LICEE
ITHE&E LTz,

Second spatial subdivision

(GPU computation)

First spatial subdivision
(MPI parallelization)

2 myPresto/Psygene-GITH T B0 EIDHEE



JET/NVRNEICEDCGPUTIIERET N
GEREBEHEBRAUESBHEODFENNFETE

BLIVATOHE 4

MDD EREEAREvan der WaalstBE/EBD — S E{ERE
BTIE R (DY FTW) ILHBEBRILLDEELZEEL
FEIDFHEETOIN HERFORRIULIETRO_EDOH &R
BEQ D, COEFERREMRITEHFEELCZEBREED DS,
ZEEDEMDTHRALTWAZEE D EIER. HREREEEE RS
FTHREIL. U KRUBET D EBRICEENDR FREIO KA
BEERFEOHMIDEICL O HBEEEEB TS ETH5,

ZEEDEIMDTIE. PEILIERDBERERAZLDZEE (Cell) &
LTWa, CellldBAHRDZRE =ZHITA>TERDHTHEITSE
ICEoTHEEND, & CeliFBEFOER AR TFH SBERRT
DIER (EZ - REGLE) ZERBLTHY. 2D el EHETSHH
[CE-OTHREEPEREIND, Ffe. CellldM 5|5+ E#DCPUDT
MEYTHABEBEFEOR/NEMTEHHLY, 1Cellld 1CPUDT (MPI
TOwX) ICEHETEND,

—MRICMDEED 1 X T v /& NOTESIESH H 2 DA
DEEICHIFON. N EIFEEESSLUFEEREDTHEICY
ITons, BICHEFESEDFEIL van der Waals /718, BB g
BHESLOCREHFHEHED=2D5EIcHEEIND, =hE
BENBEOHEIFZIDAICL>TRELFHEINS, ZR2EIMD
TlE MDETE 1R 7y 7 DMEIEE CelllTBWHTEN., WHJITR
TENS, TOR STERBOAXYE LSS _FEEERFTEIE
GPU LTEHEEN 2,

70t AMEE 5

& Cell CRITENZABERE _MAEE/ERFTECIE. B Cell DR
FEBEET HCell DRFEDERIERESFE I 2N EL DS, LTz
BT 3RTDZERE R BIDIZE. Cell 13/E FE 26 B Cell LR T EE
BORE - REEITOXREDLHS,

RN EMD CIER FIEHZ Cell TR AL, hDCellflEET
HBRFOBEARITTSIH. MPIEEICLZ SO AMEER
72oTW%, MPIBIETIE. BERBERDHICIEFRBAED—
W—BEZEENICERALTNS,

F 1T 5L THEFELEmyPresto/Psygene-GD., fEBLZDAEE
DEHEICHTAHMDETEDEFE HREZR T, CPUDTIIE. GPU%E
BUWEWEEICMPITEIHEE TS EDI ATy THIUDEE
REZRT,

BURIEOTR | B I AT w7 OHE
(B, BEEET % (ms)

%0 GPU CPU
EGFR &%+ —¥ 1 73.28 3631.44
(38,452) 8 10.57 456.24
B 7KLY 1 128.05 6151.17
TR (56,120) 8 17.21 773.60
FTITRY -4 1 22957 | 14708.82
(104,414) 8 26.94 182738

27 17.13 368.77
A= 1 2352.85 | 248148.26
(1,004,846) 27 96.89 | 9581.55
64 5127 2664.80

&1 myPresto/Psygene-GDOMDEE M HE,

GPCR DA 6

GPCREMEMETBEZE RICIE. GPCRAE M AT T T ROV
T IVEZEE DTN TIEENZ (agonist). WICGPCREREIERIC
BRI TV T FIVRZER IEDHZIERTE (inverse agonist) . Z DAt
IRET AN EDOREDOMEBEZF DR D FENZE (partial agonist)
DB2DT. FFBEEGROBEMEFSROGPCR (RFETIE.
B, 7 RLFUVZEMRE) OiEEZBblc DWTEETLTZ,

GPCRIZAEMAERICIEOAENTRTH Y. ROEMIE FEHIEK
56,000 R F& 5%, o BHESROEEZELISEVBRTHY.
RETEH T nsecDDFIal—avetBaEITDRIEESEL,

GPCROIEEIF. K3 DEOLRAKTEREND, 7RDa Uy
JAREEDSTECWND, GPCRIFERITIBE>THY (KTIFER. A%
IFEBEENTLD) . EOMEREN. THOMBEATHY. E9iE. GPCR
DENSKI/3BREDECAICHEET D, BMEERD. EYES
Ry bADOBIEZEAIEDTH THDHEEZSNTLSH. GPCR
DTFEClE. ZDOBIEEAELRY MBERIESMiEENS,

ZZ7T. TSUBAME ETHAZDmyPresto/Psygene-G &R EIC
BHIAENTZGPCROFR (BB D FZ A THS56,000 RFH5
5%) NEAL. 20~ 50 nseclc R AMDETEEMERDH30ED
RETIolc. COFFEICKVAFBE EMEDE SR, 22/\
VB 2EOEEIFESH LN EAN,

By 7 RLFUYZRERICE Y Ry F 20 UTERERICEDIA
HOBFEEMMLC ENE 1 [UE 2R COMDEHEZETof, R
13 B4 DESITEMEN, BATTRETD B,- 7 FLFUVERER
DEHEERLI,

MDETETIE. ZHDEBIDETZET oD TTTIE. BT
Carazolol“fEBIE Formoterol DfE & L35 EDMDY =2 L —2 3>
DIERETRT,
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BYINGB2BOEER 7 EHDEN) YT ADRMSD DEFfE 2
LTRLIEDD S, 6 THB, BHFEEEESRIDT (K 5)H\
BEOPSEMEBEBER (K6) LNAREEITVELIILR
Z AL B DEBEICE O TGPCREERICIBE BT HTEHE
ey g

.

]

2]

E

=4

OI 50‘00 100‘00 150‘00 20$00 25$00 3DéUD
Time (PSEC)
3 =5
S < s S A =R BEHTE Carazolol#E B2 B,-77 F L) UREBBD 7 RKDERE BN v 7 X

GPCR(B, 7 F L+ rZAEK) OBERAK, ¥ ?
e et e e (TMH1-TMH7) DBhE © B8 L— 7 #EEGPCRERFDRMSD,
B T RS TILEE, AR D TMHT. SR TMH2. & I TMH3 ORA L > 2 I THM4,

ZE/m I TMHS, & D TMH6. 78 - TMH7 . 2 I TMH1-TMH7 D2 R F,

m4
B, 7 FLF U BEHEOMDEE

X6

{EBIE Formoterol &2 B, 7 KL+ VSBRED 7 KDEBEN v T R
(TMH1-TMH7) O81E  E& 6 )L— 728G GPCREFEFDRMSD,

AR CTMHT, 8 TMH2. & 1 TMH3. B4 L >3 1 THM4.

e TMH5. & TMH6. 77 : TMH7. £ : TMH1-TMH7 D& &R F,



EDO(GPUTIIERENT

JET/INJVNEICED
RS REDD FENFHE

GEREHT1

TEH 7

PBFVIal—3> 7075 LmyPresto/Psygene-GDIEEEIB
D_HEEEREZ. ERAER RILFIAT777E5L—4%)
THAHTSUBAMEDGPUICHEBL Tz, GPUICREEINIABAEIER
HEIE. CPUREMRICEZEREBSVIEET—HL. NEtE - ITx
IWF—FtEORBEICBWTTRERBEER> T e, GPURRDZD
EHEE A LTzmyPresto/Psygene-GlE+ 975t EREARIBL. B
ICRT =27 IVIsHh K ZE P BEE T HED RSN,
GPCRICOEMEAFEBNE G EEBE L ERERTOREEAML.
MDY 22l —2a> %70 BT FEENEITHE LT GPCRDT 2
JBEREDEEDEBODRVARNSTEANREBEINT,

B

AR EIFTSUBAMEY S R Fv L Y YRR A B EDTCTER
24 FEICRBERTIAWCHDT, ZMERBEREY2—DH4
ICRCRHHDEERT 2, AMEDO—ERIENEDO [RIZENRICH
e )\ BRI BRI Mo EETEN, I
ICREL CHIEERT,

BEXH
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KElt—)V A VBEBEICTT 3
REBFIFEEOERLS77)L ) X L

Kamil Rocki ZBH #L1=

RRAZBERETFRMRY IV E21—2RFER

BHTEFEDEREN BB OHICEERELENT7IVIVILNEETHALEIEHERFEV, HEALOATORKGAEDT
EEYAHEVATLOERBL. SEBOHERICEBLL7IVIVALEREITZCLRIBHTEETHD, SDETA TDEIEME
ERCDICRBBNEF EEA 21— ATV RICELBIEUURFERTHD, P CEROABHTRILTWST7 VIV R LIERER
FTE& (Iterated Local Search. ILS) EMHENT WS, TR BIEBERLICKRBLTOLTIVI X LT, BEEZENSBITE>TEWL
LB EONS, BLGABEEZERICLEYEBEBOMBERDEVET. ILSOLEEEDRELMFFLILEE, A BT
I EEADIEERT, ARCORI IS REBFAER @WFHILS) 7TV X ALIE, BOVMETHBNICEFEDERELETOITE
BTED, KFEFYVTIVHDDEKETHY., ERDILSETRIIZAEDEBEICH L, BRI—NEZIMEETEREIFTER AT
Thb, $EL—IVAIVBBICERALERETIE. KFEEE SUYFORAAEREFREROLIIELV B EETH e, /—FEITE
FHCMPIZRBW A FILSIE TSUBAME2.0A—/N\—O Ea—42D 256/ —REBVW T ERFEITKERTIEDEH R/ A ZEM LT,

perturbation

EC&HIC 1

cost

HHEDEEBIZBEREFZPO. ATHBE OR. NI FERELEDS
BEDEH NS, BLEHEERIITO &RBAT V21—V /A,
MEREBDET IVERT SAT, 75 7% ELAKEL—IVAR V]
78 (TSP). Quadratic Assignment Problem (QAP) x&hdH 5., T
NoDOBBEITIE BBEESD LT HREDEE LN EHBTHE -
IER - BIVETERRTBEVSHBORFHENSL D, TNOSISHER
ZHCTRORITEINSEHEDERBEL (CO) EMENDTZRAD solution space 5
BEZ2G. bbb BEIBREIIMEEREORHDES 1 RIEBFIREDRIER A A—
. BAES HEE. I TBELGLTHD, ZLDEHIEDER
BIERBICEWT BREOESIEBET 1 T/ L TR TH
%, HHrELERBICHEICHLTHEINTEZHO7/)LIY 1:
RALE RAILTEERBES LR E (k21— RXTAVR) IEDF 2 sg := GeneratelnitialSolution()
SN%. BEREIERT A XDEEOEBEICH L THEEHTR 3; s := 2optlocalSearch (sg)
B T RAID DS LRI R R AL BITRR L 4 while (termination condition not met)
5.
6

local search

w
%

procedure ITERATED L OCAL SEARCH

LlTbFons, RS COLSEEREMLTYE, —D s = Perturbation (s")

DIREFRERDFETHS, BFAREEIL. HHPBEHSHF s' = 2optlocalSearch (s)

LT BYICEBEINREORDEEDHHSEY KVEEERT 5 s" == AcceptanceCriterion (s*,s" )
EEBURTES, BRERRAE. TOICEWVRICERET 251103 8: end while
TR BRICMRAIENN DD O, BAGERREBEBRBHNIC 9: end procedure

RRIHITFAEHEL, LEL. BRICEFTRERICUNERT 2DT.
SHORFERAEFERTED, INEITBT2HE7)IVIUR
LELTBNOR AR 2—URT A THD, TnSOFE
TlE. BEARNGERE BN FEEGSKEOREH CHAEDEDIEIC
£V, BREEENRND DMRNITRERTSEEBHIET, Ant
Colony Optimization (ACO) " Genetic Algorithm (GA) " &
ERAEZRILS)Y, Simulated Annealing(SA)®. Tabu Search(TS) !
BENEEND. KW TlE, BRGNSERIEAZCI—R T
HRMAB TR 2 LS (K1, K 2) ICERERD.

®2 REBPERO7IIVIU XL



KEtE—IVA VEEICHT S
REBFIFEEREORRELS] 7))L X L

RERRER 2

15 R B RFR RS 3

REBFTRER (LS) IFFEENB/FTIER (SLS) O—ET. [AS5HD
E1—URTAVRCKDEBBDORINEERT B, ZDOE1—1
ARTAVRAEZ VA LAWKV ERBICEWEREEZ5F X
THB", 2T BFrIRBERSBEEICHELTVDE VSR
DREEBLNTWVNS, Tabb &/MEDHBE. LVBR/NEE
TIICE SV A LIEABREDNSHEETHL) NEWVMEEZS5Z2F
PR/ NEDOOSERETEADBZ TCHEIEVIRETCHS. T T\
ILSTIE. (1) REOBARBREICEEZMA. (2) BEENE
ICBFRZEZBER TS, EWOTEICLYBFRRERERLITED,
B, BEL5HPRERICESattraction basin IC trajectory
EBECEDRITOBEDRETHLN. T F LENHHELEE
FFEBLTEWT RV, BYEEBIL BPAREOF AR M
BIKECTHD, HLIXTSPITH LT 2-0pt move EMEIEND B FTIFE
REBUL TS,

2.1 2-opt BFIEER

2-0pt77 IV AU R LEK EI B HS 2 RO DAY BRL 2 A D30 % 38 10
T3, IhcE, BDKEIBN R ELTHERINS (K3), &
NUFIEE 2-opt move EMEEN. KB EARE<ZARY & 1EICHE
BEhns, 2-opt move CHKEIEEAEESEENIEE P &xE 7
THb. TNIEKBMERBER THBEIBESEWNY, ZTTHA
RBELNOBEHTHFE THLERREHBDHTEIIBOEAND
BEHORETHS,

distance(B, ") + distance((;,)) > distance(B,!?) + distance((,F)

A B

A B

e 3 2-optmove

REBRRROERNZL I FEFHIRDIILF AZ—FTH
%, TGO BEEALY RS VA LR ENSHIIITIRERT 50
DT BBBALYRHZWETOCAEREDRZDERK. 5
ITIXERZ7IVIAVALTRITITBIENTED, INHREFE
DF—RAVITHB, HalE BEBHGBEEZITOLDICTIVI
VA LZRRLIELEFREBAERER (H5NEBEDEDTILF
AZ—FRFRR) ZIRETSH, BRA—FIEFEANICFEZMITS
REEEL BBREDOIEALY RATE)UE. A EURE (critical
section) MBI, KBHGNIMEDEEAH « AL THD,
Ffe. BEZOAA M EHBIT2HDAL Y FEDBENKET
HBHEN. TOREF VAT LICKET S, 7IVIVILDL K%
Listing 1 1T/R9 s

Algorithm :  Multi-start Local Search with Commu-
nication
1: procedure Parallel Iterated Local Search

2 §" <-w //Best Known Solution

3: s"y <- GeneratelnitialSolution () //Random
or Heuristic

4: s"" <- ParallelLocalSearch (s"g)

//All processes

5: while termination condition not met do

6: if Cost(s"") > Cost (S") then

7: "< 5"

//Read the Best Global Solution

8: end if

9: s"" <- Perturbation (s"")

10: s"" <- ParallelLocalSearch (s"')
//Intra-thread parallelism (SIMD)

1 if Cost(s"”) < Cost (S") then

12: S" <-s""  //Update the Best Global
Solution - Critical Section

13: end if

14: if AcceptanceCriterion (Cost(s"")) ==
TRUE then

15: break

16: end if

17: end while
18: end procedure

Listing1 BENEIIVFAZ— FBARRORELO—F

£ FTOCRTREZEOELGDRUICTHINT 25 4 LG
HID SR8 T 2. HIL T RO TEITS, TDHR £F70+¢
ADRREBEFNEVSILSOY A V)L ENDDTALALHR
OJRERRICEDE TRET 5. COM. ENHDTOLRAD KV
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