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AHFFETIE. MERET IV GA O—FfTH 5 EHBSA (edge histogram based sam-
pling algorithm) {Z3BF B KKK, NT XA —F % FICHOREL OB, S
F AR

MERET IV GA &1E. KD GA (genetic algorithm) D & 9 2RASXK & IR
BHARL LeboTlde . BHolRMizhERET VIl T, T0ET
MZHED TR EMZ AR T 5 AT, mOERRRE I 28> e lifF s h T
B, RERORENOTEAIESH F Y HEA THRY, HERET IV GA ORFROR
HADISHICE T A05EL LT Wl — v 2= 2 RIS DWW TR RO
F L 7= EHBSA ([4]) 3% %78, (KD GA THW SN T 5T 22 k0%
MOBRETHV S T, TERCTEET 5 L CHARRRT — ¥ ORI,

Z ZC. A TIXEBHOSED 0 & D TH 5 OCaml 2 FHvyT. EHBSAWO
(EHBSA without template). EHBSAWT (EHBSA with template) & Z DX
T 5 MPIEHBSAWO, MPIEHBSAWT O 71175 L% FZEL, K « 7, /3
TA=FERELTIATL., ZORREFNz, F2HE & KER RN OF
2N 57202, Mo arSazRBEL, CEXLRETMERRLLF—2 %
MTTCEBLEIITL T,

KERDFER, FndELISME EHBSAWO D% 9 2SEHBSAWT & D N Tnv5
Z e, AIWEMOERZEE Uz YU — MK, b —J X > MIEBMEN TS
Z ¥, EHM OFEASITHIKIIHMTH 5 = &, EHEE L QIETHRD 4 Ho

LREENTHY., Zhll ERE L5 e FYTHIR. MoksEicEL s 2
L. FROFERITIT KRR 100 HAFEE A TBHIE L L, 2 FEBTHBUCKF L 2
Z e, H¥oEHM 2185, KL o 0 EH O BEZ 2T 50 H4ET
Y — MR TH Y, ROKEEE 1.3 526 1.6 M50 L3 &N TE
7o 3, EMRITRT, BIEO TR MAWMROSNG S Z &, REVBNMI ST,



H IR

P1E
1.1
1.2

FB2E
2.1
2.2
2.3
2.4

FB3E
3.1
3.2
3.3
3.4
3.5
3.6

B4A4E
4.1

4.2
4.3

4.4

4.5

EC®IC

AR 20 S 1 R = 1
aRSURBRR . . . 2
TSP & GA 3
WU .. 3
TSP . 3
GA . . 3
MERETIVGA .o 3
EHBSA 730 XL 5
ICDIT .. 5
BEEE 5
EHM . . . 5
EHBSAWO . . . . 6
EHBSAWT . . . . 7
sampling D 7T T L 7
SR L - R 8
U DIT . 8
DIRDFI . 9
TR OBIR .. 12
431 TYU—=NEXES ... 12
432 =Ly NEXE& .. 13
433 BM—=F A PBEKE&E . ..o 13
template IR . . . 15
441 TFUFLEEE 15
442 =V NEXE& .. 15
443 TU—=RNEEE ..o 16
sampling node IR . . . . ... 16
451 TFUFLEEE . 16
452 =L NEXE& .. 17



4.6

4.7
4.8

4.9

BHE
5.1
5.2
5.3
5.4

F6E
6.1
6.2

6.3

6.4

6.5

EHM O8XEE . . . . 19

4.6.1 FEBRMEL . ... 19
46.2 BERHY .. 20
JRATIISGETE . 21
PASICBUBHIE . . . 292
481 TUFLEME ... 22
482 J—VLw NEXE& . .. 23
483 T U—=NEES . ... 23
484 b—F X MUK . .. 24
ZABTBOI LG . . 25
491 TFUFLEME .. 25
492 Jv—Lw MURES . .0 25
493 TU—NEXEE ..o 26
494 B—FRXNEWE .0 26
KELEVAT LA 28
WEU®IT . . 28
ehbsawo.ml . . . . . .. 28
execute_ehbsawo.ml . . . . . . ... 31
read_ehbsawo.ml . . . . . . . ... 31
KERHER 35
FERITEE . 35
AR DEKMEEEA . . . 35
6.2.1 FPWEMOZIR . . . . 35
6.2.2 EHM . . . .. .. 37
6.2.3 choose template , choose sampling node . . . . . . . .. .. 38
6.2.4 20Dt . .o 40
6.25 FE® .., 40
EROIEZHAaGbEle o ... . ... 42
6.3.1 EHBSAWO . . . . . . . . 42
6.3.2 EHBSAWT . .. . .. .. 42
VAN I Sl B e o = T 44
6.4.1 FHATRFRI & cut B . . . .. 44
6.4.2 FEERL #RRC AR 48
Whilfks ez Eoaflh .. ... 52
6.5.1 WM ... 52
6.5.2 INTR—H 58

i



BTE FLHESERDRE

71 FEEEERoFxew ...
72 S®koE ...

i
B &k
T4 A RS A—4—%

A1 EHBSAWO . .........

All FHETEDEZNTA—F

Al12 B
A2 EHBSAWT . ... ... ...

A21 fRETELNRTRA—4

A22 VIV
A.3 MPIEHBSAWO . .. ... ..

A31 IHETELNT A4

A32 oI
A4 MPIEHBSAWT . ... .. ..

Adl HETELNRF A%

A42 VIV

f 4% B OCamIMPI

B.1 Xtz .. ... .. ...
B.2 FEARHZRBEE ...

B.3 HARHZRfEwprzeCceollt .0

B4 XM ...

B.4.1 U A kDOEZAZ D
B.4.2 & FIDZAZ D
B.4.3 L a— RDOxEZ{E 0l

B44 NUTPYRNOEGOH . ...,
B45 A VA VADOYESAZON ...
B46 AVAZLVADYRNOEZGEOH ...

B4.7 BB oXZGEoH . . .

il

66
66
66

68

69

70
70
70
70
71
71
71
72
72
72
73
73
73



5.1
5.2
2.3

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28

X B IR

system_graphl.eps. . . . . . . . . . . ... 32
system_graph2.eps. . . . . . ... Lo 32
system_graph3.eps. . . . . . . . ... Lo 32
EHBSAWO icBJ 2 9HEMoER . .. . ... ... ... 36
EHBSAWT B A FIEMoER . . . .. .. ... ... ... 37
EHBSAWO @ EHM #XI& . . . . . . . . . . ... 38
EHBSAWT @ EHM #8088 . . . . . . . . ... ... 38
choose template, choose sampling node . . . . . . ... ... ... 39
EHBSAWO D 20Dt . . . o oo e 41
EHBSAWT @ 2opt . . . . . . . .. . 41
EHBSAWO O#EEHIE L . . . . . .. ... 43
EHBSAWO OEGHME2 . . . . . . 43
EHBSAWT O®SHME 1 . . . . . .. .. . 45
EHBSAWT O&SHI&E 2 . . . . . . 45
EHBSAWO D/ST A =8 1. . . ... oo, 49
EHBSAWT D85 A= 1. .. . o . 50
EHBSAWO D/ST A =52 .. ... . . . 50
EHBSAWT D/XS A= 2 . . . 51
EHBSAWO D/ST A =53 . . ... . . 51
EHBSAWT D85 A =23 . . . . 52
EHBSAWO:HBHE200 . . . . . . . . . . 53
EHBSAWT:#H®200 . . . . . . .. . L. 53
EHBSAWO:#BHH400 . . . . . . .. .. 54
EHBSAWT: #8400 . . . . . . .. . L. 54
EHBSAWO:#BHHEL600 . . . . . . .. ... 55
EHBSAWT:#H®600 . . . . . . .. L. 55
EHBSAWO:#BHHHL800 . . . . . . .. . 56
EHBSAWT:#BH®800 . . . . . . .. L. 56
EHBSAWO:#BMHH1000 . . . . . .. .. 57
EHBSAWT: #1000 . . . . . . . . . 57
MPIEHBSAWO O#§0& . . . . . . . ... ... ... 58

iv



6.29 MPIEHBSAWT DX . . . . . . . . . . . .. 59

6.30 MPIEHBSAWO DX A —=F 1 . . .. ... ... ... ... ... 60
6.31 MPIEHBSAWT D/XT X—4& 1 . .. ... ... ... ... .... 60
6.32 MPIEHBSAWO D/XT A =52 . .. .. ... ... ... ... 63
6.33 MPIEHBSAWO D/NT X—=%3 . . .. ... ... ... .... 63
6.34 MPIEHBSAWO D/XT A =54 . . ... ... ... ... ... 64
6.35 MPIEHBSAWO D/NT X—=%F5 . . .. ... ... ... .... 64



Z = /N

6.1
6.2
6.3
6.4

cut M GHAIRR, BXOoRELL 00 47
cut WL FHRR. BLGOREL2 ..o 47
MPIEHBSAWO OEERAEHR 1T . . . . . .. . 62
MPIEHBSAWO OJFER&EHR2 . . .. .. ... 65

vi



F1E FLC®IC

1.1 Mo EE=

VAF, 2R 5 2 & ol L WEEICS>WT, EYrom Azt L =7
NAY AL & > TZ DN MIRERD B2 FENFHEED THDE, 2Dk 5%
HONREKN 2 b DL LTAr Va—1) 7 e Kb — v 2= VR (TSP) A%
B DHH. KIFFETIE TSP 2HX0 HiF 5,

TSP OITAiR %, AV 73y XLEFFAL TR 2 21340 < fgEsh
TWd, 20X 7NV ZALIFKELINT T =a—F)vxy h2RIATS
bDOLBINTNVIY ZLEZHHAT 20 00H 5, BlEE. 1752 ik o%
BT TTC ZxNVX -5 BE2 K VIRT Z IS &> TS HIRABICERR L,
Z DIREEMN TSP 1B AN 2K L Tnb 2 e 2HHT 5, #HE&H . #Bhio
B %7 ) LG e HA, 26O ZIHRICE b > - & Do %
HEHEBE L. 26 oRE (7 LOEGOESR) 21F0. ZhFIHTL TRX
LIIREHE R &8, MRE2ER T ZEICE VR LT RWREZIR
=

LU, BlIEDORY 774 — VRO =2—F5 )0 %y ME, A ERAMR
AEINTHD Y DO ¢ MR D 5, PIZIE. NT A —F DI 22 A%
EMTHL, PVIAYZALZHRLEI LA EEDIIIINRNTA—=FE2 T
NEEOCOPRRIATH L Z &, WHIALL 7z & SRR TR UREEZ S ViET 2
WD & R L FIREE OISR A I EEM ISR E NS e R & TH D (B
FCHk [3])e

T, BREOTIREBR R XFEAEHWHHTF O GA B TSP IZDWTRHL
E22T B0 ODfEND L, FAIE, RXMER, KXFEEEALL &
FRME DB MWARNCIFA A= LT, EWnI)I RT X —FHfiliofH L X
W TMERD L, T, FBIREE L B T 5 7281, FERICTOERT
MOBMAREIEL TL E DR IEFICHEONET O 2 ZE 2 HHERMFEL <. &
RELTEFLERLRD» S 0ERL TOIEFICHRD D5 L WH RIEL B
L, RO EZ A, 2 DREE TSP T 5 ' FNMALE AV RENC T2 5
TWB 7Y ZLDIEFICE R > T b 2 LICERo RN H 5, oF 0, 4k
YIDOHEALD 7 IV TV X LNFERERTFIRICHEILT 5 2 L ICHEHSANEIPN TN T, B
% 19255 &) IERICIREYIZN 2RISR, £2Tofiliziing



& E DD BANHENE R IRT &V D EVIT B 0 LAY 7R 720 L
5 WHLHIZLERIE & GA AHMEAYE, HIA. TSPIC GA 20 L IRSALE AL
NEHEZEAL & BAE ATNRR2A SO FEEHHALRL Uk b2
v, ZHUIHRAT XA =7 O E2EMIC L. FEGED GA o7 VT Y XL DK
BaML <325 (BETHk[1).

DX RN, AP T NI ZLOECRERE 12 Ea—4 LI
KRBT BH] 7270 Fk e UTHERET IV GA LTINS b oNEH S TnwE, Z
NE HERD & D BRXANY =12 & PR EZARE T, B oERNMMi%
WEREF NV THML, ZOETMIIESOTHAHEREZ AR T S, HERETI GA
& L CiE PBIL, compactGA, ECGA (extended compact GA)(Z %3 HA [5][6]) 7&
EWRH LM, ToTWAIFIFT L A L toy problem IZFR6 I, KD GA DGR
JICHTH DAY a—1) V7R TSP IZDWTOIRHIZIEE AR50,
HERE TV GAIZIED NIz TSP I DWW TR 2 WIEH & LT EHBSA (3%
ST [4]) 23 2%, T Y RADREENTOS 2T THMIANRL &hT
W5 EEFFVEY, HERET IV GAIFIERD GA L[HL LY iC. BHBR D%
L DING A — 2K 4 RMIEAMFAE L. 2N S DMAGHEICT L > TZDOMEEN
KELEALT B2 %% %25 L. EHBSA ICBU BRI H{IG, NS RX—2 %
BT HZ e DBERITITNMCH D HX, KNiFEERiTR- 72,

aHIE. SGI Altix 350 (Itanium2 x 8 , memory:40GB) L T4T72vy, MRS
OCaml-3.08, fINIREY 22—V & L T ocamlmpi-1.01 Z >, = >3 A Vi ocam-
lopt 2= REF TR 57z, £z FHINTIERAKRINIC I HOARTH S,

1.2  mXAERK

AL DORERITRDIBY TH 5,

F2EF TSP & GAIRODWTHHARMIAZ L, Z0&, HERETIVGAIZDONWT
HAOBERZIRXRS,

B3E EHBSA OT7INIY XLITONTIHANS,
BAE HHMWREL LEIKIC OB TIH]RARS,
BH5E HAWEELEZY AT AIIOWTHRRS,
B6E FEFRICOWTIARS,

FBTE KBHROE LD L HROFHEIOVTOZRIIONTHENS,



F2E TSP EGA

2.1 ECHIC

KRETIE, Ko7 —<Th 5 TSP(IH — 2= U Rj#H) & GAEIRR
FIIYZXL)ICONT, BHRICHIAL. ZORERETIVGAICOWTHLD
BRERABRBEIRNRD,

2.2 TSP

Wae— v 2< fBEeI1E, E— VAR RS2 5Nt _XTCE 1 [HTo
LT, ZoMBERNICLED LW METH S, FIEHAKIIHR D7D,
OB Z B & WIFTR R AYEFNIC N 2 €. iz kD 5 = L I13FEE ER
afgBlce b, WbhWAB NP TEef#EEe LT, Yadvay AT a—U 7/
H (JSP) L WA CTHYZRMETH 5, KRIFFETIFRMITELLBUC & > THBHT DAV E
ZERL. The 2L TGHIMT 5 L9118, 20O T offEE N,

2.3 GA

GA(HEAM 7)Y X L) &1, Darwin OAiREZ ZOE E 7NV TY XALICL
bk, Thbb, GRS T T, MREHNMA & FIREHEE ViR
L. ZOHREMTEET HEMELEETRD, FREESTINTEL LD
12952 2T FICHERERD 5 2 & ol LB R 2K 5 T TH
%5, CAVIM ¢ 2B RIS TEY, TSP offilEzofity JSP LA
THS e UbHARDBOT, HLI 6 INTBY., MeEERLREIN TS

([1])-

2.4 MHEEXETIVGA

2.3 TCIhR7z kD12, GAITTIRELE L HIRHK B IR L7270V X L% E
IO L, SFERE FIcIEET A28, 2TV A WA R CARARRIBNA NG 5 &
IR B,



¥ 9. Darwin OHEAGRIC & 2R EE & BIREKIE. AHERIC & > THEIS
TERVHDIFHKEN, WETELZLDDARNTHRERTZ LIRS, 21D
FAFIED, MIRZ T AIRIRIE CHIRMCAEGFTE 22 HEL LT0nEH D
T, ZOFFALEa—FIIHTS &T5L, K NI A —FOTHRMBARIC
FER LIS, £, WIREF O ERE L ToRtEREIGML T2 k5,

¥ 72, KEBROBR TR T ORXIEFR, FIREEMFIT A TlER L, B
T ZLIKIFRRNH 5. 26 2 (linkage) & W, BRI BTN
DFERBIL T ORLICHAShLMEENZNS D Z L bl ZIE, TSPIZT 2
WE D GA DIFETIIEA L Z LR TH 5,

CDEIRTLEEZDLE, EYDOTINTY XLDEIRREES] & T & 7
DFFIT, AMICHEL LT WIS, 288 LICoRMc T jEe Tk e
L THERET IV GA DB E WS DORHLDIZLRS, D& RERET IV GA
DO TREEDREANDWEHAN [ EER b D & LT TSP IZi1d % EHBSA AMF/ET
%, BAKIM7Z2 EHBSA @ 7L XL BIHITE 3 T CihkR 5,



F3E EHBSA7Z/NVIY XL

3.1 WEC®HIC

KRETCILZEHBSA O#F SIS W T EHBSA D 7L Y XL DWW TCEHIHT 5,
¥ 72 sampling 21778 9 B D OCaml DV — A& IRY,

3.2 WZE

EHBSA (edge histogram based sampling algorithm) 3R E T IV GA D7)V =
JALDO—FITH Y, IIEET?FH% ST 2 RR T 2 DIV S, HERET IV GA
i3 B2 BTN L D1, BNk 2 iR E TV CUAYT 543 EHBSA
Tl Z % EHM (edge hlstogram matrix) & WO T2 5, 2%, Nt
EMNBH oz E Zh»e EHM %50, ZhEZ W T sampling $56 2 &
T, MR+ 1 0EMEDL L, ZhELYVIRTZETRY RWFEIRET 5.

EHBSA &7 )V AU XL DEHLFNUIKD £ 12725,

1. k% 5 v & B

2. BIRANL—F &, AUENEZSLS

3. ZO%M» S EHM % 7K

4. 2@ EHM 2Tk ey > 7Y > 795

5. MTRMMMI=ENDET, AT v 72054 %L ViRT,

3.3 EHM

Tt DEE % P( ) TOETHOEZRE st T 5, st 1T N=Hol) ok
SDJEHITH Y, :(() () L mh(N = 1)) TR,
D& E EHM! () (i,j=0,1 L—1) @%%Qe FRD LD ITRE S,

Y1 (0i5(sh) + 654(sh)) +e if i g
0 if i = j



77U, LI 6,,(sh) BRORTREND T ¥ B

1 if Fh[h€0,1,..N —1A7L(h) =i A7L((h+ 1)modL) = j]
0 otherwise

0i,5(s%) = {

eld. NI RA—=HF B . ICks>TRDEIITERSIN, IV TV VT %
HHIT 5, 2F0, ZOEBKECRET VALY T 7, DRvf,
EHM OWNEEB VI T v SN 5] EMNE T 5,
2L

= 737“(1 i0
‘TN

INEFTEADPVIZ W EE D O T EHM OFf2FKIC 20T, A LEET
B & e I RO i j BB L T2 b ORZ0FE, K& < a,
ANt OERMANZ N E TIEIRE 2T T ER2EANEEK s TnbZ %%
258, TOMIZLAONIFRIZLVBELIFECT2DICHHATHL L E2 5
N5, &o>TEHM OB e ; BUOELZDOM LV FT L, i j 1I3BHE S #TC
BOWEHBRWEA D G TE S, EHBSA Tld, 20 & 9 &% 2 %I EHM
% ™ T sampling 4 5.

3.4 EHBSAWO

EHM 2L 7= 6. ZH &I sampling 21778 WX 0EM%Z D < %, EHB-
SAWO(EHBSA without template) Tl (KD & 5727 )NV XLITHD N T sam-
pling 21778 9. sampling § 2HEMDOEHEE ¢ &5 (cld 026 N-1 £ TolEh)).

1. position counter: p # 0 v k
2. c[0] % 025 N-1 £TH 6T > F LIRS

3. roulette wheel vector: rw[] ZF, 722U, rwj] = el (7 =0,1,..., N -
1)

4. §ClTsampling SN TW15 /) — K& 01XT 5. (rwcfi]] =0 fori=0,...,p)

5. sampling 17789, 2% Y % DHERT clp+ 1] = 2(x € (y|rwly] #
0) 75, -

6. p—p+1

T.p<N—-1%b6FE ATy T3\, ZITRVERLIKT



3.5 EHBSAWT

EHBSAWT [33AMI21E EHBSAWO &[G U 7223, —884r 724 % sampling 12
Ko THEETLHLZAMNED, DF V. cut U template ZEI L. ZOHFN5
1 DTN 2T IEY, Z % sampling L, OB MNIZ0EFAaE—T5,

3.6 sampling®7AYJ 5L

let get_sampling_gene rw =
let sum_of_rw = ref 0.0 in
for i=1 to Array.length rw do
sum_of _rw := !sum_of_rw +. rw.(i-1);
done;
let a = Random.float !sum_of_rw in
let suml = ref 0.0 and sum2 = ref rw.(0) in
let i = ref 1 and b = ref 0.0 in
while( not (!suml <= a && a < !sum2) ) do

suml := !sum2;
if !'i = pred (Array.length rw) then sum2 := !sum_of_rw
else sum2 := !sum2 +. rw.(!i);
i:=11+ 1;
done;

i

let sampling newgene ehm =
let len = Array.length newgene in
let rw = Array.make len 0.0 in
newgene. (0) <- (Random.int len) + 1;
for i=1 to pred len do
for j=0 to pred len do
rw.(j) <- ehm. (newgene.(i-1)-1).(j);
done;
for j=0 to pred i do
rw. (newgene. (j) - 1) <= 0.0;
done;
newgene. (i) <- get_sampling_gene rw;
done



F4E EERLHEK

4.1 FC®HIC
FEE L7z, EHBSA O2KDFAUTRD & 512705,
- EHBSA O 7 )V T Y X2 N
1. t=0
2. AU P(t) oAk
3. PN OERIC LY. P(t) — S(t) Z4K
4. (a) EHBSAWO 7% & R
(a) EHBSAWT 7% & template % %5
(b) cut MO SARZTAEIL. ZDHh S sampling node & E S,
5. EHM % fFmk
6. YTV TED. S(t) — P(t+1) AKX
7. 20pt 7 & DSFFTNSEE 21778
8. WHIRDE . B o a6 —iE o1 % ATt
9. t—t+1
kfMtSnmaWMMMmﬁéﬁX?v73No%5?@“@6%? )

INEDERATy TITBWT, W ONOIIEERE Lz, RIS hd,

¥ LoxTy 73 0ANIERMOERICENTE, -7 <E#ERL 2n
no_population_select, &7z V025 (DL VEICARTOL DNR2 DT D
< 6N %) population_select_half, HIHE DEIFITIEL TFFHh%E D7 popula-
tion_select_roulette. T > ¥ KT 2 DIEW. ZD D b DENI TR, Z
NEEM O < iKY population_select _tournament 0 4 FlifH o §KIK % FKZE

L7,




4D aDATy T Tl T 2% LI template & S5 choose_template_randomly.,
TSI L TIEIRY 5 choose_template_roulette, fx® R H D% template &
L C#EIRT 5 choose_template_elite @ 3 Flifix KL /=,

A4ADbDATy T TlE, T ¥ LI sampling node % 1E.5
choose_node_randomly, THJOELITIE U TIEIRT % choose_node_roulette @ 2 FffH
BREL Iz,

5D AT v 7 TIEEHBSA D3 ([4]) ICHD W27 )V & B2 5
make_chm_delta &, FEHOFEAL DT 1772 9 EHM % FK T % make_chm_weight
D 2T AR KL 7=,

TDOAT v TTHE 20pt IEEWVIEKRD GAIZEbhTWdba—U AT 1y
7 AEAF S use_twoopt & {4721 non_use_twoopt ? 2 FEH A KL 7=,

8 DAT y 7 CIFIRZH DS, ZEH OIS DT hZThiTif L TF v ¥ Aicik
157 5 send_randomly. receive_randomly, HEILEICIEC TEZAET 5 0 D% 1%
S send_roulette, receive_roulette. AV O HA>% %5 send_elite. HYDH1 T
LIV EDRNE DEZEL T2 DRIV IR B receive_elite. T > F T2 D%
P2 D) BEEEDOFH Y DZK(GT 5 send_tournament, T > ¥ LI 1 DFES,
FheZELELbORIIRL., B Tn5 & EDHBIET S receive_tournament
Dt 8 A TEL 7=,

BB, NSO TRIFTIEH O CAICBI 2% ZHICL T 5 ([1][2]). ANE
Tk, Z2h b DiIE ORI DN T OCaml DV — R & HICHIAT 5,

4.2 £Hk0mh

NSl 4 DESIKIC OV TEIAT HAIC, 2 6% ED K DRI TIFA TN
5D %ERY, VY —AlE mpiehbsawt D H7EA, KKK T, Z SRR 05
R V. exchange_population DFFIRT B, F 72U &MV ZETAFET
LM, BHFITIR B LES,

mpiehbsawt [C&E T % execute DV —A

let execute par ex_par populationl population2
max_generation cut_num distance dis_total ehm city_pos =
let populationl_new = ref false in
let pop_num = Array.length populationl in
let min_distance_array = Array.make max_generation 0.0 in
let copy_population genesl genes2 indexl index2 =
for i=indexl to index2 do
genes2. (i) <- genesl.(i);
done
in
for i=1 to max_generation do
if par.a = Population_select_half then (
let new_population = if !populationl_new
then populationl else population2 in



let old_population = if !populationl_new
then population2 else populationl in
select_populationl old_population
new_population distance;
populationl_new := not (!populationl_new);
) else if par.a = Population_select_roulette then (
let new_population = if !populationl_new
then populationl else population2 in
let old_population = if !populationl_new
then population2 else populationl in
select_population2 old_population
new_population distance;
populationl_new := not (!populationl_new);
) else if par.a = Population_select_tournament then (
let new_population = if !populationl_new
then populationl else population2 in
let old_population = if !populationl_new
then population2 else populationl in
select_population3 old_population
new_population distance;
populationl_new := not (!populationl_new);
) else if par.a = No_population_select then (

);

let a = ref 0 in
let new_population = if !populationl_new
then populationl else population2 in
let old_population = if !populationl_new
then population2 else populationl in
(match par.b with
Make_EHM_delta (b_ratio) -> (
make_EHM1 old_population b_ratio ehm;
)
| Make_EHM_weight(b_ratio) -> (
make_EHM2 old_population distance dis_total b_ratio ehm;
));

if par.d = Choose_template_randomly then (

a := choose_templatel old_population;
) else if par.d = Choose_template_roulette then (
a := choose_template2 old_population distance;

) else raise ParameterError;

for j=1 to pop_num do
let b,c =
if par.e

Choose_node_randomly then (

10



choose_sampling_nodel old_population.('a) cut_num;
) else if par.e = Choose_node_roulette then (
choose_sampling_node2 old_population. (!a)

distance cut_num;
) else raise ParameterError in

copy_population old_population. (!a)
new_population. (j-1) b c;

(* check_ehm ehm distance; *)
sampling new_population.(j-1) ehm b c;

if par.c = Use_twoopt
then twoopt new_population.(j-1) distance;

done;

if !populationl_new then (

exchange_population populationl distance ex_par;
) else (

exchange_population population2 distance ex_par;

);

if !populationl_new then (
let min_dist = reduce_float (min_distance populationl distance)
Float_min 0 comm_world in
if myrank=0 then (
min_distance_array.(i-1) <- min_dist;
printf "generation:d ,
min_distance:%f\n" i min_dist;flush stdout;
)
) else (
let min_dist = reduce_float (min_distance population2 distance)
Float_min 0 comm_world in
if myrank=0 then (
min_distance_array.(i-1) <- min_dist;
printf "generation:d ,
min_distance:%f\n" i min_dist;flush stdout;
)
)

populationl_new := not (!populationl_new);

done;

11



if myrank=0 then
(printf "\nkkxkkkxkkkxkkk execute end xkkxkkkkxkkxx\n\n") ;

match par.f with
Record(filename) ->
(
if myrank=0 then (
write_state filename
(if 'populationl_new then population2? else populationl)
city_pos distance min_distance_array par ex_par;
)
)

| Non_record -> ()

4.3 HHIAREHDIER

4.3.1 I — MEER
=L

AHENoEREo O &>, Xt OFIHEN P() 2 6 FRS =51 S(1)
PED L&, BHoBREZD HMitnk, ThZzh 2T >o< 5, iHmiEak
DWW L > TUTiR > T 5, GtHEOA —F TR L. #HEN & T
L x N335,

J—=A

let select_populationl populationl population2 distance =
let copy_population genesl genes2 =
for i=1 to Array.length genesl do
genes2. (i-1) <- genesl.(i-1);
done in
let fitness = Array.make (Array.length populationl) (0.0,0) in
let pop_num = Array.length populationl and
city_num = Array.length populationl.(0) in
for i=0 to pred pop_num do
fitness. (i) <-
(1.0 /. (get_distance populationl.(i) distance),i);
done;
Array.sort (fun a b-> let al,a2 = a and
bl1,b2 = b in if al>=bl then ~-1 else 1) fitness;
for i=0 to (pred pop_num) / 2 do
let a,b = fitness.(i) in

12



copy_population populationl.(b) population2.(2xi);
copy_population populationl.(b) population2.(2*i+1);
done

4.3.2 Jb—L v MERE
S

LM OEREDO O &2, A\t OFNHEM P(1) 2 & RS 5[ S(t) &
fE5 & &, WINEICINCZHETERT S, 250, o i HHOEF 0T
mﬁéﬁk?ét‘zf DHER TINS5,

k=1/Fk

J=A

let select_population? populationl population2 distance =
let copy_population genesl genes2 =
for i=1 to Array.length genesl do
genes2. (i-1) <- genesl.(i-1);
done in
let pop_num = Array.length populationl in
let city_num = Array.length populationl.(0) in
let sum_fitness = ref 0.0 in
let fitness = Array.make pop_num 0.0 in
for i=0 to pred pop_num do
fitness. (i) <-
1.0 /. (get_distance populationl.(i) distance);
sum_fitness := !sum_fitness +. fitness.(i);
done;
for j=0 to pred pop_num do
let a = (Random.float 1.0) *. !sum_fitness in
let sum = ref 0.0 and i = ref O in
while( !sum < a &% !'i < pop_num ) do

sum := !sum +. fitness.(!i);
i:=11+ 1;
done;
copy_population populationl.(!i-1) population2.(j);

done

4.3.3 bF—F A2 MNEBE
B8

AINEMOEREO O &>, Nt oFIHEMN P(t) 2 6FIR S =M S(1)
PAEA L XIC, SUFLIC2OEY., 022005 bHINEOTNY O IEIRT
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b, ZhWEEMNMOY L ONRTKVIEY, 7ars LofTIEEtRE2EHNY %
—EZOBEBNTHELEZL DNy Y 2lZKIL, HTEL TN onih%
HETLEHITLTWD,

FATHF OB S W ZE, HoHRIKIC B THINE %2 Z o#pEHE L Tnb
ERMILGEOLRHIND B K D RS T B, BB oKIZEGRE DR L, o Gk
RO LA SMINCEHERZIS 79 21T L T,

V=2

let select_population3 populationl population2 distance
let copy_population genesl genes2 =
for i=1 to Array.length genesl do
genes2. (i-1) <- genesl.(i-1);
done in
let pop_num = Array.length populationl in
let city_num = Array.length populationl.(0) in
let dist_hash = Hashtbl.create pop_num in
for i=0 to pred pop_num do
let select_population_indexl = Random.int pop_num in
let select_population_index2 Random.int pop_num in
let distancel =
(try
Hashtbl.find dist_hash select_population_indexl
with
Not_found -> (
let tmp_dist =
(get_distance
populationl. (select_population_indexl) distance) in
Hashtbl.add dist_hash select_population_indexl tmp_dist;
tmp_dist )) in
let distance2 =
(try
Hashtbl.find dist_hash select_population_index2
with
Not_found -> (
let tmp_dist =
(get_distance
populationl. (select_population_index2) distance) in
Hashtbl.add dist_hash select_population_index2 tmp_dist;
tmp_dist)) in
if distancel >= distance?2
then
copy_population
populationl. (select_population_index2) population?2. (i)
else

14



copy_population
populationl. (select_population_indexl) population2.(i);
done

4.4 template DEER

4.4.1 SV LEK
Gk

EHBSAWT O 7 )V T ZLIZE W T template Z RO HH 518 & 12T
LG DO & D, IR, EHBSAWO TIHEEL RV, BTN 5 ¥ M
V& DEY, ZN% template & LT, sampling #1772 9.

J—=A

let choose_templatel population =
Random.int (Array.length population)

4.4.2 J—L v NEE
S8R

EHBSAWT D7)V 3V XL BNT template Z MO i &85 & E1ClT
LDV & D, MIK, EHBSAWO TIHF/EL 22wy, #IMEICEC T, Mo
25 template Zi%.S, FARMITIIFIWER OIERITBIT 20— Ly MKIE & [G]1%
ThHb,

J—=R

let choose_template2 population distance =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let sum_fitness = ref 0.0 in
let fitness = Array.make pop_num 0.0 in
for i=0 to pred pop_num do
fitness. (i) <-
1.0 /. (get_distance population. (i) distance);
sum_fitness := !sum_fitness +. fitness.(i);
done;
let a = (Random.float 1.0) *. !sum_fitness in
let sum = ref 0.0 and i = ref 0 in
while ( !sum < a && !i < pop_num ) do
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sum := !sum +. fitness.(!1i);
i:=11+ 1;

done;

li-1

4.4.3 I)— PEES
oA

EHBSAWT O 7 )V T ZLIZEB W T template Z RO HH» 518 S & Z12T
LDV L D, MIK. EHBSAWO CIXFEL 2, b, WHEOFmHWb D%
template & L CTEIRT 5,

J—=R

let choose_template3 population distance =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let min_distance = ref (get_distance population.(0) distance) in
let min_index = ref 0 in
for i=1 to pred pop_num do
let a = get_distance population.(i) distance in
if !'min_distance > a then (
min_distance := a;
min_index := 1i;
)
done;
Imin_index

4.5 sampling node DIER

4.5.1 SV LEK
467

EHBSAWT D7)V 3V XL TlE, template Z cut MOWZ T NHIL., Zor
MHEOEDIEY, TNET % sampling T5, 2D & Filsampling I % node % Z
> F LTS,

T 7S LOBINE T 5, BV index ZVFR L. 2 212 cut DURTFHER
gL T 5, DFE U, RAD cut 13 genes. (index.(0)) 7> & genes. (index.(1)) &
TL b, R cut 13 genes. (index.(2) (=index.(1)+1)) 7*& genes.(index.(3)) &
25, D& E cut OMEIFEHEL TUIHT 20D T, cut OAE & L TH) 72 b
D DIRT Y ARNZERL., ZOH»E6 5 U ¥ LMIEZREEE, ThERS
N6 ZDBEFEUARPOHIRT 5 L0 D 7V Y XL TR ZFELL 72,
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J—=R

let choose_sampling _nodel genes cut_num =
let delete_list element list_ref =
let rec sub_funl element list =
if list = [] then []
else if (List.hd list) = element then
sub_funl element (List.tl list)

else
(List.hd 1list) :: (sub_funl element (List.tl list)) in
list_ref := (sub_funl element !list_ref)

in
let len = Array.length genes in
let index = Array.make (cut_numx2) “-1 in
let remain = ref [] in
if cut_num * 2 > len then raise Cut_Num_Error;
index. (0) <- O;
index. (pred (Array.length index))
<- pred (Array.length genes);
for i=1 to (Array.length genes)-3 do
remain := i :: !remain;
done;
for i=0 to pred (cut_num-1) do
let a = List.nth !remain
(Random.int (List.length !remain)) in
delete_list a remain;
delete_list (a+1) remain;
if (a-1) > O then delete_list (a-1) remain;
index. (2 * i + 1) <- a;
index. (2 * i + 2) <- a+l;
done;

Array.sort (fun x y-> if x>=y then 1 else "-1) index;

let a = Random.int cut_num in
(index.(2 * a),index.(2 * a + 1))

4.5.2 Jb—L v NERE
S8R

EHBSAWT O 7))L XTI, template % cut OWZ T HHIL, Zorh
MHEVEDIEY, ZNET % sampling § 4. sampling & VR WEBZMEIR D HAN
TOUED S TIHHET 5728, sampling THEIETE L2 TNEOR MO H 5
TADHIBRNDTIZZRODE N D HFREITTEL L 72, & cut ICBWCHHET
% 2 DO DEZDOFRE DR, b— Ly RIS EZ TR D KK,
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J—=R

let choose_sampling_node2 genes distance cut_num =
let delete_list element list_ref =
let rec sub_funl element list =
if list = [] then []
else if (List.hd 1list) = element then
sub_funl element (List.tl list)

else
(List.hd 1list) :: (sub_funl element (List.tl list)) in
list_ref := (sub_funl element !list_ref)

in
let len = Array.length genes in
let index = Array.make (cut_numx2) “-1 in
let remain = ref [] in
if cut_num * 2 > len then raise Cut_Num_Error;
index. (0) <- O;
index. (pred (Array.length index))
<- pred (Array.length genes);
for i=1 to (Array.length genes)-3 do
remain := i :: !remain;
done;
for i=0 to pred (cut_num-1) do
let a = List.nth !remain
(Random.int (List.length !remain)) in
delete_list a remain;
delete_list (a+1) remain;
if (a-1) > O then delete_list (a-1) remain;
index. (2 * i + 1) <- a;
index. (2 * i + 2) <- a+l;
done;

Array.sort (fun x y-> if x>=y then 1 else "-1) index;

let sum_dist = ref 0.0 and
dist_array = Array.make cut_num 0.0 in
let cut_index = ref 0 in
for i=0 to pred cut_num do
for j= index.(2%i) to pred index.(2*i+1) do
let dis = distance. (genes.(j)-1).(genes.(j+1)-1) in
dist_array. (i) <- dist_array.(i) +. dis;
done;
done;
for i=0 to pred (Array.length dist_array) do
(* normalization *)
dist_array. (i) <- dist_array.(i) /.
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(float_of_int (index.(2*%i+1) - index.(2x%i) + 1));
sum_dist := !sum_dist +. dist_array.(i);
done;

(* neglect distance between cuts *)

(x select roulette *)
let a = Random.float !sum_dist in
let suml = ref 0.0 and sum2 = ref dist_array.(0) in
let i = ref 1 in
while ( not ( !suml <= a && a < !'sum2) ) do

suml := !sum?2;
sum?2 := !sum2 +. dist_array.(!i);
i:=11+1;

done;

( index. ((1i-1)*2),index. ((1i-1)*2 + 1) )

4.6 EHM D ELI

4.6.1 EHEL
S 8A

delta BT %4> T, HMA 5 EHM(edge histogram matrix) Z{FKd 5, Z D
PR bratio WD N5 X —F PEET B, KRIFFETIRIT L A EFRTHZRN,

J—=A

let make_EHM1 population b_ratio ehm =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let floatN = float_of_int pop_num and
floatlL = float_of_int city_num in
let ehm_parameter = 2.0 *. floatN /.
(floatL -. 1.0) *. b_ratio in
for i=0 to pred city_num do
for j=0 to pred city_num do
if i <> j then ehm.(i).(j) <- ehm_parameter;
done;
done;
for i=0 to pred pop_num do
for j=0 to pred city_num do
if i = j then O
else if j = (pred city_num) then (

19



let a = population.(i).(j) and
b = population.(i).(0) in

ehm. (a-1) .(b-1) <- ehm.(a-1).(b-1) +. 1.0;
ehm. (b-1).(a-1) <- ehm.(b-1).(a-1) +. 1.0;
) else (
let a = population.(i).(j) and
b = population.(i).(j+1) in
ehm. (a-1).(b-1) <- ehm.(a-1).(b-1) +. 1.0;
ehm. (b-1).(a-1) <- ehm.(b-1).(a-1) +. 1.0;
);
done;
done

4.6.2 EHHY
S

EHOMITHHEL T 2 00EEMFEL - &, 2ol % EHM
WCRT, o @To#hMofERto&f 2 ERUA L L TN Tnh 5,

J—=R

let make_EHM2 population distance dis_total b_ratio ehm =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let floatN = float_of_int pop_num
and floatL = float_of_int city_num in
let ehm_parameter = 2.0 *. floatN /.
(floatL -. 1.0) *. b_ratio in
for i=0 to pred city_num do
for j=0 to pred city_num do
if i <> j then ehm.(i).(j) <- ehm_parameter
else ehm.(i).(i) <- 0.0;
done;
done;
for i=0 to pred pop_num do
for j=0 to pred city_num do
if j=(pred city_num) then (
let a = population.(i).(j) and
b = population.(i).(0) in
let ¢ = dis_total /. distance.(a-1).(b-1) in
ehm. (a-1).(b-1) <- c;
ehm. (b-1).(a-1) <- c;
) else (
let a = population.(i).(j) and
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b = population.(i).(j+1) in
let ¢ = dis_total /. distance.(a-1).(b-1) in
ehm. (a-1).(b-1) <- c;
ehm. (b-1).(a-1) <- c;
)
done;
done

4.7 RBFRNEFL
5497

WERD GAIT & D TSP o & TSNS, 20pt T & WIEN 5 FRIFTHL
HFEEM NG, ETEL & (EFEL. bLLEETERVE Sy
L 722wy,

J—=R

let reverse genes il i2 =
let a = ref 0 and j1 = ref il and j2 = ref i2 in
while !j1 < !1j2 do
a := genes.(!j1);
genes. (1j1) <- genes.(!j2);
genes. (!1j2) <- la;

j1 =131 + 1;
j2 =132 - 1;
done

let twoopt newgenes distance =
let i1 = ref 0 and i2 = ref 0 and
jl = ref 0 and j2 = ref O in
let len = Array.length newgenes in

il := (Random.int len);
j2 :=1if (!'il1 + 1) >= len then 0 else (!il + 1);
j1 := (Random.int len);
while (!j1 = ti1 || 'j1 = 1j2) do
j1 := (Random.int len)
done;
if (1j1 > 'j2) then (
i2 1= 151 + 1;
if (1i2 >= len) then i2 := O;
Jelse(
i2 = 1]j1;
i1 o:= 191 - 1
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if (!j1 < 0) then jl1 := len - 1;
);
if (distance.(newgenes.(!il) - 1).(newgenes.(!j2) - 1) +.
distance. (newgenes. (!j1) - 1).(newgenes.(!i2) - 1)
> distance. (newgenes. (!'il) - 1).(newgenes.(!jl) - 1) +.
distance. (newgenes. (!i2) - 1).(newgenes.(!j2) - 1) )
then (
if ( 'i1 < 132 && 'j1 < 'i2) then (
if (1j2 < 'j1)
then reverse newgenes !j2 !j1
else reverse newgenes !i2 !il
) else (
if ( not (!il < !j2) )
then reverse newgenes !jl !i2
else reverse newgenes !il !j2
)
)

4.8 EEICBT B ERS
4.8.1 SV LEK

1%

WHIERDFZEITBNT, o o ZICEMADHNSRICEELINE T U F I
ESEE, NTRA—=FZ L L T DOELEEKLNPERT sendnum 2 & 5, &
FR send num DN ZiIXT,

J—=A

let get_send_population_indexl population send_num =
let sub_funcl population =
Random.int (Array.length population) in
let send_index = Array.make send_num O in
for i=0 to pred send_num do
send_index. (i) <- (sub_funcl population);
done;
send_index
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4.8.2 Jv—L v MEE
£8F

WHR ORI BWT, o Ta RO FNeRICZKLNE N — L
v MRS IE DWW TR SIS, T X — &c‘:L“Cl«K’)O)E??%: LR
send_.num % & 5, EHE send_num DOFEN % i

J—=A

let get_send_population_index2 population distance send_num =
let sub_funcl population distance =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let fitness = Array.make pop_num 0.0 in
let sum_fitness = ref 0.0 in
for i=0 to pred pop_num do
fitness. (i) <-
1.0 /. (get_distance population.(i) distance);
sum_fitness := !sum_fitness +. fitness.(i);
done;
let a = Random.float !sum_fitness in
let suml = ref 0.0 and sum2 = ref fitness.(0) in
let i = ref 1 in
while ( not ( !'suml <= a && a < !sum2) ) do

suml := !sum?2;

sum2 := !sum?2 +. fitness.('i);
i:=11+1;

done;

i - 1 in

let send_index = Array.make send_num O in
for i=0 to pred send_num do

send_index. (i) <- (sub_funcl population distance);
done;

send_index

4.8.3 I)— PMEES
S 8A

WHIIKDKZEIZBNW T, BAOEMOHFD AV send num HoOELZE MO Tk
ZICELEME, T o he L UIENORELZOWINE 23K, 2% index &
\iC§a$§<L'§—%>o Z OWH Z GRS G TV — b L. AV send_num D7D index
ZIHVEITIAATL., ZhEiET,
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J—=R

let get_send_population_index3 population distance send_num =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let fitness = Array.make pop_num (0.0,0) in
let return_index_array = Array.make send_num O in
if pop_num < send_num then raise Send_Num_Error;
for i=0 to pred pop_num do
fitness. (i) <-
(1.0 /. (get_distance population. (i) distance),i);
done;
Array.sort (fun a b -> let al,a2 = a and
bl,b2 = b in if al>=bl then ~-1 else 1) fitness;
for i=0 to pred send_num do
let a,b = fitness.(i) in
return_index_array. (i) <- b;
done;
return_index_array

4.8.4 b—F A2 MEK
S BA

WHRDFEEITBWT, o T RICEMOHTR SRR KL NE h—F X
¥ MERIKICHE SO TTORSHIE, 2% HAORNOEZE 5V ¥ LTS
O, ZhH6 D KXY EINEDOFND DEEINTELE. 2% send num DFET <
DR,

J—=

let get_send_population_index4 population distance send_num =
let return_index_array = Array.make send_num O in
let pop_num = Array.length population in
for i=0 to pred send_num do
let a = Random.int pop_num and b = Random.int pop_num in
let disl = get_distance population.(a) distance in
let dis2 = get_distance population.(b) distance in
if disl >= dis2 then return_index_array.(i) <- b
else return_index_array. (i) <- a;
done;
return_index_array
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4.9 ZEICBTBEK
4.9.1 SV LEK
=L

WHIRDREITBN T, o Faezxnsl s TE b ox HaoEH ot
DT 2 H LDEZEE N 5 K,

J—=R

let receive_populationl population genes =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let a = Random.int pop_num in
for i=0 to pred city_num do
population. (a).(i) <- genes.(i);
done

4.9.2 JIb—L v MEK
£48A

WD FZEIC BN, o TaeanskshTEboz)l— Ly MK
WHED W TRIE T 5 B,

J—=A

let receive_population2 population genes distance =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let dist_array = Array.make pop_num 0.0 in
let dis_total = ref 0.0 in
for i=0 to pred pop_num do
dist_array. (i) <- (get_distance population. (i) distance);
dis_total := !dis_total +. dist_array.(i);
done;
let a = Random.float !dis_total in
let suml = ref 0.0 and sum2 = ref dist_array.(0) in
let i = ref 1 in
while ( not ( 'suml <= a && a < !'sum2 ) ) do

suml := !sum2;
sum2 := !sum2 +. dist_array.(!i);
i:=11+1;
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done;

(* population.(!i-1) is selected *)
for j=0 to pred city_num do
population. (!i-1).(j) <- genes.(j);
done

4.9.3 I — PMEES
S 8A

WHIRDFTEE BT, o TaarsxshTElboz ANo%EMot
TRLBENEDRN Y D & AT 5 MK,

J—=

let receive_population3 population genes distance =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let dis_max_index = ref 0 in
let dis_max = ref (get_distance population.(0) distance) in
for i=1 to pred pop_num do
let dis = get_distance population.(i) distance in
if dis > !dis_max then (
dis_max := dis;
dis_max_index := i;
);
done;
for i=0 to pred city_num do
population. (!dis_max_index). (i) <- genes.(i);
done

4.9.4 b;—F A2 MEK
S 8A

WHIIRDOFTZEIZBWT, o 7ae 2 skt e TEEZb D% h—F X > MK
BRI IESWNCAHRT B IE, DF V. TV A LICHNDOEMOFNS 1 DDFEHE
WY, T eI 2 BEZZ IR, b L. T 2 BEZ0WINE 0 hE
TIUE, BERERAR, F D TRUTNIEMS L,
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J—=R

let receive_population4 population genes distance =
let pop_num = Array.length population in
let city_num = Array.length population.(0) in
let a = Random.int pop_num in
let disl = get_distance population.(a) distance in
let dis2 = get_distance genes distance in
if disl > dis2 then
for i=0 to pred city_num do
population. (a). (i) <- genes.(i);
done
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BrE FELREVARATLA

5.1 EC®HIC

4FEDOBIATHNS L DI GAIWKITZHOUNE, NI RXA—=FWFHET S, Zh

EL2TENbWNWba<v RS VAT gk ETIHEL T, ZToMRE2ZD
DEVFT LT, FheblIicE-axsry RS VAT g2 TR, "5
A=A EIRELTIRIT. LI EH Rzl T TL, KiffsEoHKTH D
Y2050, NI XA —FZofFT L) HIiZe THOERTERY, 22T, K
¢ ClX EHBSAWO. EHBSAWT. MPIEHBSAWO. MPIEHBSAWT D47 )V
TY XML TCEFRFN IO Ta s LEFERL. 2. AMoiks
MmOz, RETIEZONRICOWTEIT 5, 2B, LITOBHATIEfROZD
EHBSAWO Zfilic L Tl 9 %A%, FARHIC o EHBSAWT., MPIEHBSAWO.
MPIEHBSAWT b6k CH 5,

5.2 ehbsawo.ml

ehbsawo.ml £ W39 T 75 WIIINT A —F T 7 A )UH 6 ERIERC YR 72 & D
INTRA—=H ki, FA7T 5,

W ZVERD & 57285 X — % 7 7 A )V ehbsawo_parameter]l 238 > 7= &7 5,

ehbsawo_parameterl @ N7

population_select:no_population_select
make_ehm_strategy:make_ehm_delta:0.04
use_twoopt:non_use_twoopt
record_final_state:non_record

Ay RIA UPSRDEIIHTBIAL Z & T, ZToOHiIK, NT XA —Z D
Wz GADFITEND, 7B, B2, B3, Ba4qIBuTThZh, BHE. #h
B i RKOMAEZRL Tns,

ocamlopt str.cmxa ehbsawo.ml
./a.out get_parameter_from_file 30 30 30 ehbsawo_parameterl
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CDFRATHRIIKRD L H 1Tk b,

city number : 30

population number : 30

max generation : 30

population selecct strategy : no population select
make EHM strategy : make EHM delta

use twoopt strategy : non use twoopt

generation:1 , min_distance:4108.858416 , time:0.000000

generation:2 , min_distance:3766.920148 , time:0.010000

generation:3 , min_distance:3813.282691 , time:0.010000

generation:4 , min_distance:3595.132699 , time:0.010000
/x B =/

generation:27 , min_distance:3856.722093 , time:0.080000
generation:28 , min_distance:3891.668244 , time:0.080000
generation:29 , min_distance:3969.077524 , time:0.080000
generation:30 , min_distance:4113.8556390 , time:0.080000

kkkkKKKKKKKKKRK execute end kkkkkkkokkkkkkk

FRZ2 7 7 AR L TEL 2 Ha[EET. result W) 7 7 A IVICHIR %
AL 72N ZWEINTRA—=F T A NEBRDEDICT D,

chbsawo_parameter2 ® W%

population_select:no_population_select
make_ehm_strategy:make_ehm_delta:0.04
use_twoopt:non_use_twoopt
record_final_state:record:result

Z99 5 eIATLIZMRIC, result L0 7 7 A VAR TS, ZDORFET
RDEDRIECITR D, 0B, JSHIKDO 5 72K &, population DFLERITIK
KR BRFREEL Tz,
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result DAE

population_number:30

city_number:30
total time:0.070000
generation change mean time:0.002333
min_distance: population(27):3720.962301
algorithm:
population select strategy: no population select:
mean time=0.000000
make EHM strategy: make EHM delta: delta=0.040000,
mean time=0.030000
twoopt strategy: non use twoopt: mean time=0.000000
min_distance:
generation:1 , min_distance:3691.558133
generation:2 , min_distance:3788.393055
generation:3 , min_distance:4119.590014

/x HWE */
generation:27 , min_distance:3819.663246
generation:28 , min_distance:3378.718650
generation:29 , min_distance:3612.802789
generation:30 , min_distance:3720.962301
city_position:

275.227295,297.223719

1569.199218,14.568445

293.090348,45.535741

111.211363,20.637708

144 .457566,117.711827

/x B */

78.386624,298.653678

19.419848,99.720997
population:
population(0) :distance=4254.404667
3,17,1,9,24,7,8,6,11,25,2,21,4,23,10,13,12,19,
18,20,29,22,27,30,26,15,16,28,14,5,
population(1) :distance=4248.203993
26,21,13,29,7,28,27,19,15,8,9,16,30,14,18,4,12,
2,3,11,17,23,10,24,5,20,6,25,22,1,

/x EWE x/
population(28) :distance=4331.170656
16,28,4,2,5,23,18,29,7,8,13,24,14,6,11,3,22,25,19,
15,20,27,30,21,17,10,26,9,1,12,
population(29) :distance=3935.545140
17,3,15,11,20,22,18,23,2,5,9,29,21,12,1,24,14,8,
10,13,28,4,16,26,30,7,27,25,19,6,
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5.3 execute _ehbsawo.ml

execute_ehbsawo.ml {37 7 A WEGAZ A, FATONRNT XA —=FZ TR L, 7
DEFESTERD., ZOEZDOW DI 72T ehbsawo.ml 2 FAT7T 5, ZDFRICIE
HLBAIME OS> THTIT o LI N, T ANVAEIREL THRE 7 7 A )V
AN 5,

W ZVZRD & 5 7%, makeparameter & V¥ 7 7 A JUIZ & 5 T execute_ehbsawo.ml
ZIATLIZE T 5,

-~ makeparameter @ N7 ~

pop_num;20,30,40

city_num;50

max_generation; 30,40
population_select;no_population_select,population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt,non_use_twoopt

N /
BHAKK 2 FAT DHITIEIRD & 5 e /e 612 5,

[ ocaml str.cma unix.cma execute_ehbsawo.ml makeparameter ]

Z DRERIAT I D ehbsawo.ml DEIRUIE 3 x 2 x 2 x 2 = 24 [T,
ehbsaw020_50_30. ehbsawo020_50_40. ehbsawo30_50_30. ehbsawo30_50_40.
ehbsawo40_50_30. ehbsawo40 5040 D6 D>2DF 4 L7 hUMNDLI 6L, 2hbd
DF4 V7 NYZITFAT L7 ZLoffE, B B ko fthft
BEeRLTHWDE, Zhb6oVTT740 L7 MY OHOFRIE resultl21 22 & LD
7 7 A WITTKERR DN S N 5, result DR DO AITIEIR S N2 ffig 25Kk L T
W, ZoHaE. £ Z N no_population_select. make_echm_weight, use_twoopt
MRS NIz Z L 2BHRL Tnb, HETEENT A —=F oW UM% BIH
L TIEL vy,

5.4 read_ehbsawo.ml

execute_ehbsawo.ml I & o> TYER SN/ T —F I ZDEFE T ZEZDTHF A B
T—HDT, I 7 AP YR TWIEACETLERH L, ZhEkiT
749 DHY, read_ehbsawo.ml 12725, read_ehbsawo.ml l& execute_ehbsawo.ml & [
EADNRTG A =57 7 A )NV EZTHY . fEi AL feihi =M ot oo N
Wiz & 57225 7% gnuplot ICK VIR 5., £, ME2ET 5, HlAE R
DU TIRATL 2R % graph WD) T 7 A NVZL T I 7L Tcnwe 5, 2o
fB. RO XD ATIT 5,

[ ocaml str.cma unix.cma read_ehbsawo.ml graph makeparameter J
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ZDEIITT B L&, graph.dat. graph.eps. graph.png. graph.gp ® 4 fEfioD 7 7
ANBENIS D, 2D b, eps. pngZEAWIERD T F 7T, kTR gp Db
DM gnuplot DA VT v 7 7 A I)VTC, ik dat bR Tay ML=T—
FDT =577 ANITIRD,

NIRA=FT 7 AVIE TR —EIATINTNE T &%, DF DRz KN
L7z 7 ANIAHET B L ZHHEE LTWEM, Zhdno, Yo krkerlzb
TIHATIN=DIFRD R, flZE, Loflc, \BE —Eicliecnr
FIMFELTNE, RO LS 2DD/NT X —% T 7 £ )l sub_makeparameterl,
sub_makeparameter2 Z{F V. 2 [] read_ehbsawo.ml % K179 1TV, makepa-
rameter. sub_makeparameterl, sub_makeparameter2 C{f->7227"Z ZlEZhZ .
51, M52, M53TH5,

e

5.2: system_graph2.eps 5.3: system_graph3.eps
e sub_makeparameter]l ® N ~
pop_num;20,30,40
city_num;50

max_generation;30
population_select;no_population_select,population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt,non_use_twoopt
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- sub_makeparameter2 O N ~

pop_num;20,30,40

city_num;50

max_generation;40
population_select;no_population_select,population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt,non_use_twoopt

/
- K¥gD 75 7LD T5k ~
ocaml unix.cma str.cma read_ehbsawo.ml system_graphl
makeparameter

ocaml unix.cma str.cma read_ehbsawo.ml system_graph2
sub_makeparameterl

ocaml unix.cma str.cma read_ehbsawo.ml system_graph3
sub_makeparameter?

N J

HRF dat D7 7 L WIZDWTHIE T S &, execute_ehbsawo.ml 13FFE S
2T A=FIILGL T T 7 A NVE FEELTLEIDT, i ViEd e Tay
RTF—=ZMWHATLED, 20L& BAEMTITFRBASPORTELLEL S
OB LIcDT, T=FDONy I Ty TeWIHIBKRTdat IERADT7 7 A V%
YER T 5 £ DT L7z,

ZhE TA V7 MU Ty ANKEDRT A oA\ o/ ofh
BTN S THBETDORDEDRT I AN T 7 AINRD T, 757 % A TRITh
FART=NZ e MHNIE, awk R EDY — V2R L CRHICHTNS = e 3tk 5,

- system_graphl.dat ® W& ~

lotdata_ehbsawo20_50_30_resulti121
4856.678892
4802.995254
4170.658105
3783.815914
4042 .554403
4003.361729
3723.309786
s

544

x Al */
28 3147.709878
29 3602.794195
30 3339.144686

plotdata_ehbsawo20_50_30_result221
Lol s

5 .65

/x Bl */

OONOUIPWN
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WA, 75 7% FCEREEAY 3000 DL P27 o TS BRI — K7 A 72 D3 %
TRz E T 5, ZHIFHEMICKD X5 IIT B IADIZRN,

- B 3000 LUTF 0 b 0 % FoR ~

awk ’$2 < 3000’ system_graphl.dat
plotdata_ehbsawo20_50_30_resultl2l

plotdata_ehbsawo20_50_30_result122
plotdata_ehbsawo20_50_30_result221
plotdata_ehbsawo20_50_30_result222

plotdata_ehbsawo20_50_40_result121
28 2989.230889
29 2953.186065
32 2890.580643
33 2989.199151

plotdata_ehbsawo20_50_40_result122
17 2954.878127
36 2961.944815
37 2992.673868
39 2882.762760

plotdata_ehbsawo20_50_40_result221
/x W */
N by
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FeE FEFR

6.1 RERAST

WA TECIRAR NG L ZHRR EDONRG A =2 2 L6 ARFLICHHIL Tk, =
kAR E Z 20O T AT L, 72 TRD LD RIEAKGE%27=T.
I 5,

L E9HIEZ POICHNS, €2 TH LIS IKIE L 0 B IS 0N
Tz b zhz[EE L T ik 2 H X5,

2. TTERIZONWTHNS, ZOXKICKRK THNIMRZEM L. Akhe
¥ GA DN, NI RX—-F &S5,

6.2 &R DEIE ST

F 9 A OHIKICOWTHRANS, 2% 0. MEREL G- A T D RIS %
—HRICLITY ROFK & N5,

6.2.1 HIAEHDER

VIHEMOHIZIC DWW TE2HFHNS, #RITN6.1. 6.2 TH D,

M6.1. 62%2H5&, =V — Mg E b —F X > MRIEAMENTWS Z & A%5%
HRING, fRIHROREE L LIV — MRIEO FMENTWS XD IC/RA S
B, THEEREREWIA Sy, ZoRE0ER ST &b 6hNTLIC
LTHL LTI RNESLD, EREZELZRY, LAV — Ly MEIBIXIZE A
EREE o] EISEL S s,

F 72, 24k U TEHBSAWO OfMENT WA XD ICBA A0 Zhid cut I
MRELHb>TWS, 2%, EHBSAWT Tl 0 DA% sampling 35 2
L1275 O TCHERMIIP 02505, BEARIMKLI 25, 2oz eitonT
WZE 72 N T X —=F B FRN5L & ZI2Y ) —EINY LT 5,
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- X 6.1DINTA—=FT 7 A)

pop_num; 150

city_num;200

max_generation;5b0
population_select;no_population_select,population_select_half,
population_select_roulette,population_select_tournament
make_ehm_strategy;make_ehm_delta:0.04
use_twoopt;non_use_twoopt

- X 6.2D/)NFTA—8T 7 A)

pop_num; 150

city_num;200

max_generation;5b0

cut_num;5
population_select;no_population_select,population_select_half,
population_select_roulette,population_select_tournament
choose_template_strategy;choose_template_randomly
choose_sampling_node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_delta:0.04
use_twoopt;non_use_twoopt

ehbsawo
30000 T T T T

" "plotdata hbsawo150,0050,esult4 12" —

. : "plotdatéehbsawm 50,0050,esult212" ---=---
29000 "plotdata hbsawo15050050,esult112" g

28000 —\\ E
27000 |\ . -

26000 | g

min distance

25000 | i .
24000 |-

23000 [

22000 1 1 1 1 1 1 o | |

generation

6.1: EHBSAWO 1B A I 0 15R
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ehbsawt

30000 T T T T T T T o
plotdata hbsawt150,00505esult41112" —
29500 L "plotdataghbsawt150,00505.esult21112" ]
"plotdata hbsawt150,00505esultt1112"
29000 |- ’ -
28500 (- .
(W N ’
o 28000 \\‘ N | |
IS
B 27500 | .
el
£
& 57000 -
26500 .
26000 .
25500 v -
25000 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
generation
B - N == \
6.2: EHBSAWT 2B % WA iR

EHM DHIFICDOWTIINRS, #MHRIEH 6.3, 64 THDH, THTEADITEZL
7= MNE B MM ROMEREZ R L 72, WM O#EIR % L < TY o REE A0 L
LTCWBOM005,

- X 6.3D/NTA—=FT 7 A) N

pop_num; 150

city_num;200

max_generation;50

population_select;no_population_select
make_ehm_strategy;make_ehm_delta:0.04,make_ehm_weight:0.04
use_twoopt;non_use_twoopt

37




- M 6.4 DNFTRX=FT 7))V
pop_num; 150
city_num;200
max_generation;5b0
cut_num;5
population_select;no_population_select
choose_template_strategy;choose_template_randomly
choose_sampling_node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_delta:0.04,make_ehm_weight:0.04
use_twoopt;non_use_twoopt
N J
ehbsawo
30000 T T T T T
“plotdata,hbsawo150,0050,esult1 22" ——
28000 -
26000 l‘
24000 «“
|
3 22000 J‘
é 20000 ,‘\‘
E 18000 ,
16000 |
14000 - \'\,,,,
12000 - i ~_ ’AV\V o
o000 S R S S
0 5 10 15 20 25 30 35 40 45 50
generation
6.3: EHBSAWO @ EHM ki
ehbsawt
30000 "Blotdataghbsawt150,00505,esult11122" =~
28000 |-
|
|
26000 J“
|
|
8 24000 J\‘
g ‘
£ zooo0 |\
N
20000 ~ B
18000 |- v \/V/\G/ / AVAV A e \ A J
4
16000 . - . - - - . .
0 5 10 15 20 25 30 35 40 45 50

generation

6.4: EHBSAWT @ EHM HiXIi%

6.2.3 choose template , choose sampling node

template, sampling node % #IRT 5 & & DHIKICOWTHINRS, HFRIEH 6.5
TH 5,
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6.5 DFEFRIFDE BB L WV, TR AL, template XIES & &
W13V — by MEXE®, sampling node ZI1ES & ZITIET ¥ ¥ LIRS b 1<
template Z1ES & ZIIET YU — MKIK, sampling node 185 & STIET V¥ A
XIS BN K D ICH A 625, 2 oFRRIEEREORIFHZZ A 5.

e X 6.5D/INTA—=2T 5 A) ~

pop_num; 150

city_num;200

max_generation;50

cut_num;5

population_select;no_population_select
choose_template_strategy;choose_template_randomly,
choose_template_roulette,choose_template_elite
choose_sampling_node_strategy;choose_node_randomly,
choose_node_roulette

make_ehm_strategy;make_ehm_delta:0.04

use_twoopt;non_use_twoopt

N J

ehbsawt
31000 T T T

"plotdatahbsawt150,00505,esult13212" —

"plotdataghbsawt150,00505.esult12212" --------

30500 "plotdataghbsawti50,00505.esult12112" 1

30000

29500

29000

min distance

28500 -

28000

27500 y

27000 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

generation

6.5: choose template, choose sampling node
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6.2.4 2opt

Qopt EER Mol & &, [fibhoiz & EDRDORELDEITOWTHHRS, =
DRERITH 6.6, 6.7 TH S,

EHBSAWO I, ®5HEOWENT SN 50, EHBSAWT O HIIEFE A EE
DHEBRNWEIICHASL, ZhIEZ6 <. EHBSAWT 285 > ¥ Al template %
TBATHSLENT, 20pt DEIERBKROMNIT D SR NENWELHEZ NS,

~ X 6.6 DINTA—HT 7 A) N

pop_num; 150

city_num;200

max_generation;50
population_select;no_population_select
make_ehm_strategy;make_ehm_delta:0.04
use_twoopt;non_use_twoopt,use_twoopt

e X 6.7D/INTA—=XT 57 A)

pop_num; 150

city_num;200

max_generation;50

cut_num;5

population_select;no_population_select
choose_template_strategy;choose_template_randomly
choose_sampling node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_delta:0.04
use_twoopt;non_use_twoopt,use_twoopt

N J

6.2.5 F&oH

SETOMKELY. EHBSAWO IFEMOFERIC, =V — MK, h—F A2 b
ik &6 &0, EHM ICHEAZ DK, ST HSE LD 20pt 4% 2 Hif#S
MWL SICEZ 5, EHBSAWT 3R o#RIC, =Y — Mg, h—F x> b
gD &5 672>, EHM ICELADTHNIK, 2opt B2 AL RV, &0 ) ERIKASR
WEIBZ B, B 26 ORIEDHN 513 choose template & choose sampling
node IZENVBRENE LR RN,
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min distance

min distance

30000

29500

29000

28500

28000

27500

27000

30500

30000

29500

29000

28500

28000

27500

27000
0

ehbsawo

T ,-p|otdatéehbsawo1' 5020()50;33[”t1 PPTLE
"plotdataghbsawo150,0050,esult112" ------—-

10 15 20 25 30 35 40 45
generation

6.6: EHBSAWO @ 20pt

ehbsawt

50

"plotdata hbsawt15050050,esult11111" —
"plotdataghbsawt150,00505.esult11112" ——————-

10 15 20 25 30 35 40 45
generation

6.7: EHBSAWT @ 2o0pt
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6.3 BEROEBREHAISHEE EDTH

6.3.1 EHBSAWO

AIfiOHREZ £ V. EHBSAWO IFHEM ORI LT U — MRIE. h—J X
¥ MEIED &5 572>, EHMICEZ DS, 2opt THITH D, 0D IS MEN
TWdeHEABNE, ZhERENCHEPOTH D,

RD & D735 X—H% T 7 4 )V ehbsawo_parameterd_1 Z WG, 75 71k
L. Z®DIKIT ehbsawo_parameterd 2 Z vy, K& HHKMED 75 7 24T 5,

- M 68 D/INTRA—=FT 57 A) ~

pop_num; 150

city_num;200

max_generation;50
population_select;no_population_select,population_select_half,
population_select_roulette,population_select_tournament
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt,use_twoopt

-

e M 6.9 D/INTA—FT 57 A) ~

pop_num; 150

city_num;200

max_generation;50
population_select;population_select_half,
population_select_tournament
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt

N J

Z ORERIE 6.8, 6.9 75,

YLK WO THIHT 5 &, KRBT EN TV B IIHIC select_elite,twoopt
0. K select_elite,twoopt M L . select_tournament,twoopt 50, &7 - TH
D, MENMIELD» S 30N 5,

6.3.2 EHBSAWT

oA E S F A, Mo L IR L 72 £ ¥ % template. sampling node %
HESHIEAENRZ O 22 FR 5,

ZDIOIT, (RD KD X T X =% T 7 4 )l ehbsawt_parameterd_1 & ffv gt
A, 7574, % DYKIT ehbsawt_parameterd 2 # vy, KD 4K D 75 7 %
ity 5.
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min distance

min distance

30000

ehbsawo

25000

20000

15000

10000

' "plotdatéehbsawo‘ﬁ 5020050r'esult421 [ —
"plotdatahbsawo150,0050,esult422" -~
"plotdataghbsawo150,0050,esult321" --------
"plotdataghbsawo150,0050,esult322"

"plotdatahbsawo150,0050,esult121" --------
"plotdataghbsawo150,0050,esult122" -

5000
0

30000

5 10 15 20 25 30 35 40 45 50

generation

6.8: EHBSAWO D& SN 1

ehbsawo

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

" "plotdata hbsawo150,0050,esult421"
"plotdataghbsawo150,0050,esult221" -------

8000
0

generation

6.9: EHBSAWO D& 2
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- X 6.10 DINT A —F T 7 A ) N

pop_num; 150

city_num;200

max_generation;5b0

cut_num;5

population_select;no_population_select,population_select_half,
population_select_roulette,population_select_tournament
choose_template_strategy;choose_template_randomly,
choose_template_roulette,choose_template_elite
choose_sampling_node_strategy;choose_node_randomly,
choose_node_roulette

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt

- X 6.11 DIXNTA—=F T 7 A ) ~

pop_num; 150

city_num;200

max_generation;50

cut_num;5

population_select;population_select_half,
population_select_tournament
choose_template_strategy;choose_template_randomly,
choose_template_roulette,choose_template_elite
choose_sampling node_strategy;choose_node_randomly,
choose_node_roulette

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt

N J

Z OfRIE. X6.10, 6.11 &5,
choose_template & choose_sampling_node OHXIKITIE & A EMREICVE L G 2
IRNZ NI B,

6.4 /NIA—F=ZZ LI E EDHM

6.4.1 FTEHREE cut

cut BUITATRRNIC R E L Bb s T s, AL Loflo cut BASs o & &, [h]
%D EHBSAWO D14 v D 1 FATHITH B, 7 2 T, KREITIE cut & EM
WaEEALZEo L ZOFATRM L RO KEL 2 X5, EHBSAWT A% EHBSAWO
LEIFEDIATRICZN & 0 b RO RE 2 1T 2 L kD on % f{iRb
DWHWTH S, £7. KOEIRNRNTA—-F T A NVEHAEL. iHIT 5,
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min distance

min distance

30000

28000

26000

24000

22000

20000

18000

16000

14000
0

30000

28000

26000 H

24000

22000

20000

18000

16000

14000

ehbsawt

10 15 20 25 30 35 40 45
generation

6.10: EHBSAWT D# &I 1

ehbsawt

50

10 15 20 25 30 35 40 45
generation

6.11: EHBSAWT D # &Hikig 2

45

50



- cut DR EZFTARDLIZDDIRG A =T 74 ) ~

pop_num; 150

city_num;200

max_generation;5b0

cut_num;1,2,3,4

population_select;population_select_half
,population_select_tournament

choose_template_strategy;choose_template_randomly

choose_sampling_node_strategy;choose_node_randomly

make_ehm_strategy;make_ehm_weight:0.04

use_twoopt;non_use_twoopt

N J

NS DFATHRE IKICTIND £K6.1. 6.22MK5, /=721, EHBSAWT1/1
lZEHBSAWT1 OHYIE T cut AS1 THAHZ & %2KT, £/, EHBSAWO1. EHB-
SAWO2, EHBSAWT1. EHBSAWT2 CHEHEINTWAENRT A —=F TP TDidY,

e EHBSAWO1 D/XT X — 4% ~

pop_num; 150

city_num;200

max_generation;50
population_select;population_select_half,
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt

e EHBSAWO2 D/XT X — 4 ~

pop_num; 150

city_num;200

max_generation;50
population_select;population_select_tournament
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt

s EHBSAWT1 ©O/NT X — 4 ~

city_num;200

max_generation;50
population_select;population_select_half
choose_template_strategy;choose_template_randomly
choose_sampling node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt
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- EHBSAWT2 D/8F % — % N

city_num;200

max_generation;50
population_select;population_select_tournament
choose_template_strategy;choose_template_randomly
choose_sampling node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt

K 6.1: cut & FHURFR, B L OMOREE 1

BT e/ INERE /PR (s) | SRR doe NERRE /RFR (s)
EHBSAWOI1 150,/8823.9/16.6 150,/8823.9/16.6
EHBSAWT1/1 150,/9792.9/16.7 150,/9792.9/16.7
EHBSAWT1/2 150 /11824.8/7.63 300,/12462.9/15.4
EHBSAWT1/3 150,/13729.6/5.35 450/14720.0,/16.0
EHBSAWT1 /4 150,/14436.0/4.43 600/17208.3 /17.9
EHBSAWT1/5 150/15950.1 /4.17 750/19280.9/21.3

K 6.2: cut & FHURFR, B L OMEOFEK 2

SR/ e/ INERE /RF RS (s) | SREHR doe/ e/ RER (s)
EHBSAWO?2 150,/10081.3/16.6 150,/10081.3/16.6
EHBSAWT?2/1 150/9730.2 /16.7 150,/9730.2/16.7
EHBSAWT2/2 150,/11588.5/7.70 300,/13372.9/15.2
EHBSAWT?2/3 150,/14407.8/5.27 450/16118.3/16.0
EHBSAWT?2/4 150,/15035.6/4.48 600/17210.9/18.2
EHBSAWT2/5 150/15809/5/4.13 750/ 19376.0/21.1

#£6.1. 62%RHDE. cut MEHLL 2 & EICHMICENBZ LT L5
TIRDREEINEALL THB Z e300 5, Z Hid template 7 T ¥ ¥ ATESEN
T, HoBRL Wb D% template ICL TL F o TS A REMNTR W Z 2 IZJHRA
15 eBbhiz, #Z 7T, template # TV — MK CEA THATTNIE, MO
HINC L 2R DRERE ] LASHD B0, L HEZFITLED 1T A CHERITLD
SMolz, FRZHiTcut 52 &, EHM OEAZB DT OEENI LT
LEDZLICKRERFERNH L EEZA NG,
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6

4.2 HHE®H. HHHK. HAK

RICEMBL #BHEL Ao BRI W THERS, fiffiofR%s5F 2 T,
cut ORUT 1ICHEET 5., 7272, EHBSAWT IZB W T template ZI1ENT 5 &
T VT LIIKICNA T Y — MKIE L FRD, ZHITRMBZHEC Lz &
12, template % TV — NS TIRA LR OREEMN R L ] gEMEZ Z B L 72
7= ThH 5,

X 6.12 DIXNT A —H T 7 A )

-

pop_num;50,100,150,200,250,300,350,400
city_num;200

max_generation; 150
population_select;population_select_half,
population_select_tournament
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt

N

-

X613 D/INT A=K T 7 A )V

pop_num;50,100,150,200,250,300,350,400
city_num;200
max_generation; 150
cut_num;1
population_select;population_select_half,
population_select_tournament
choose_template_strategy;choose_template_randomly,
choose_template_elite
choose_sampling_node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt

J

[M6.12, 6.13% K2 &, HE RHIC K > THRRETLHABINT L A XD
ERNWIEMATING, £/ =225 &, TR HFELI R 5
CIROKEFLIIMNZ 5> TEL DL Z 2 b0 5, 6.12. 6.13 6, EH 00 D
DR EHMELIz0M, X6.14. 6.15TH 5,
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ehbsawo
30000 T T T T T T T

25000 |- y

20000 b

min distance

15000 |-}

10000

5000 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160

generation

6.12: EHBSAWO D/XT X =4 1

X6.14. 6.15 %5 &, BHROKENL DITHARTH E SNICRDOREE DR
WS EMIADD, F o TRIT LY OFEOEFNIAERHE 200 @ & = 1213 Y 72 0
MEFNDL, ZORRIEH6.16. 6.17, 2T 6.14. 6.15 DIXT A —F THE
BLOAZHFEL L, BHZ 10205 100 FT10 TOEALSETIATLZB DT
H5b,

X6.16. 6.17 2.5 &, EHBSAWO 1340 DL 7 51X ZiF & 41372, EHB-
SAWT 726 50 DU Easidzhiz eI/l e hizny, chll iz osr—2056
WAL 0,

ZZ T, BB BHHOBDO BRI ONWTE SICHTHNS, #HoNEZ/LE +,
B2 RO EIRRT 5, FLofRL D, RHBUIHTOR D4 r0 1526
IO Z BRI L TIRKT 5, BRITIE. T A —=Z I Z T EIREFEL 720
koo T, HABITFTERLE > TWAE EDICHZ S 150 THEET 5.

#H D% 200,400,600,800,1000 D & E &2 FRL, THZITit L CTROEH
BaE Tz, BHE 50 0L OIFEMB 106 10 T2, 200 £C. #1400 @
B DIFEME 100 25 20 972 400 £ T, #BHI 600 DB DIFEHE 150 225 507
D 600 £ T, ABHE 800 D ® DIFHEMTL 200 2> 5 100 T2 800 F£ T, AR 1000
DY DIFEFE 250 2> 5 150 72 1000 £ T,

Z DFEFITN 6.18 75 X 6.27,

X 618036 627 2 Wb, #HHOWMEL LI E- &Y, FRcEiIA oh
20y, DF Y, RTYEMBME TR D4 D 1 DI RS &, fROKEEITE
{75, £z, cut 1 O EHBSAWT & EHBSAWO 3RO REE &y 5 ;5 CldiE
CACETR NGRS T2, 2T CIRERZET R S NS, EHBSAWT
IZBWW T template 127 > & AHKIS, LM OERITT Y — MKIEMEN TV S &
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6.13: EHBSAWT O/XF X —4 1

ehbsawo
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6.14: EHBSAWO D/XF X — 4 2

20

160



min distance

min distance

30000

25000

20000

15000

10000

5000
0

35000

30000

25000 |-

20000

15000

10000

5000

ehbsawt

20 40 60 80 100 120
generation

6.15: EHBSAWT D/XT X — 4 2

ehbsawo

160
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generation

6.16: EHBSAWO O/XF X —4 3
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ehbsawt
35000 T T T T T T T

30000 B
25000 - B

20000 b %

min distance

15000

10000

5000 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160

generation

6.17: EHBSAWT O/XT X — 4 3

972, EHBSAWO IZBWTHHETDERIZE D 50 WRIET Y — MK E
NTNB EDITHRB,

6.5 WilMbSt/& E D

6.5.1 HiI&
RICHHUL DT 21772 D EZELA DG, N5 A —F ZEEL., ROk
JE R TRD ., WAL ORIRIL, ERAUC T L TR b Bz HaE% L 7=k
DURIE T2,

EHBSAWO DXl

population_select:population_select_half
make_ehm_strategy:make_ehm_weight:0.04
use_twoopt:use_twoopt
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6.18: EHBSAWO:#BHHEX 200
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6.19: EHBSAWT: B 200

23

160



min distance

min distance
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6.20: EHBSAWO:#B 1 400

ehbsawt
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20 40 60 80 100
generation

6.21: EHBSAWT: B 400
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6.22: EHBSAWO:#B T 600

ehbsawt
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6.23: EHBSAWT:#BriE 600
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min distance
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6.24: EHBSAWO:#B 1 800

ehbsawt
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6.25: EHBSAWT: B 800
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min distance
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0 20 40 60 80 100 120 140 160
generation
6.26: EHBSAWO:#BHi#X 1000
ehbsawt

160000 T T T T T T T

140000 |- 1

120000 |- 1

‘.

100000 1
80000 B
60000 B
40000 1
20000 1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160

generation

6.27: EHBSAWT: B 1000
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- EHBSAWT & ~

cut_num:1

population_select:population_select_half
choose_template_strategy:choose_template_randomly
choose_sampling node_strategy:choose_node_randomly
make_ehm_strategy:make_ehm_weight:0.04
use_twoopt:non_use_twoopt

N J

FPE, IR 100, R 200, AN 50, AR 10, TR ARS, TH
Y2 SHIL THR S, ZORRIE 6.28. 6.29127%25,

mpiehbsawo
30000 T T T T T T T T T

25000

PUT——
1

20000

15000

min distance

10000

5000

0 5 10 15 20 25 30 35 40 45 50
generation

6.28: MPIEHBSAWO o &

S UL & MITRAG DHRIE, S2A5 DHNIE & b1 T ) — MK D b DR DREIL
MRV, F72, EWIK Tl = 8000 R 72 o 7= AR 200 DR DKEREAS, 5000 7%
JEETWESHTOEHLERSh S, DITIEREoiEE =) — kKIS
EL. NI RXA—=F2BALS ORI ZHND,

6.5.2 /NTX—4F

RHEZ 200, BHRE 50 ICEEL. EXEW., Taa ezl s, o
FO, ROEIBNTA—=F T A NVEED, FHTT 5,
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mpiehbsawt
30000 T T T T T T T T T

25000 H

20000 |-

E 15000 B
10000 B
5000 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
generation
6.29: MPIEHBSAWT o X%
X 6.30 DIXT A—H T 7 A )
pop_num; 50

city_num;200

max_generation; 150
process_num;2,3,4,5,6,7,8
poEulation_select;po ulation_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt
send_strategy;send_elite
receive_strate%g;receive_elite
send_num;5,10,15,20,25

X 6.31 DIXT A —H T 7 A)

pop_num; 50

city_num;200

max_generation; 150

cut_num;1

process_num;2,3,4,5,6,7,8
population_select;population_select_half
choose_template_strategy;choose_template_randoml
choose_sampling node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt
send_strategy;send_elite
receive_strate%g;receive_elite
send_num;5,10,15,20,25

29




min distance

min distance

mpiehbsawo

35000 T T T T T T
30000 |
25000 |-
20000

15000 H

5000

0 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
generation
6.30: MPIEHBSAWO DO/XF X —4 1
mpiehbsawt
30000 T T T T T T T
25000 |- B
20000 B
15000 H ./ -
10000 B
5000
0 20 40 60 80 100 120 140 160

generation

6.31: MPIEHBSAWT O/NT X — 4 1
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MPIEHBSAWT DIES1F 7 2% 5T e EH L SMRMBEL b, /-,
R ORERY MPIEHBSAWO 213 A LERETH D, ko CLIT I REN
IZBWTES MPIEHBSAWO DIED OREHZ 5,

MPIEHBSAWO OF — & %R 5 &, T TIERLI A S0, Hifliic S
O 2 EHRIT LN E SO DT TIHRWE D L, B EZER 2P
RO (B LIRS BIZRY) LI b CldhnkH 72, 2L, NTA—%
ZHWYNCHELZL XL 79 TRVWE XDRDOFEE DTNV KEV, [X6.30
BT AR OEKIREEIZ T a v 27 TUZERE0F — 2 . Z ofifils
4864.1 L BRI D 7657.1 £V 1.6 f5FEEEN TV 5,

CVHAT., WO IR DID DT —FEB L 5 ThRD,

- X 6.32 DINT A—F T 7 A ) ~

pop_num; 100

city_num;400

max_generation; 150
process_num;2,3,4,5,6,7,8
population_select;population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt
send_strategy;send_elite
receive_strategy;receive_elite
send_num;10,20,30,40,50

- XM 6.33D/RFA=5T 7A )V ~

pop_num; 150

city_num;600

max_generation; 150

process_num;6,7,8
population_select;population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt
send_strategy;send_elite
receive_strategy;receive_elite
send_num;10,15,30,45,60,75
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pop_num; 200
city_num;800
max_generation; 150
process_num;6,7,8
population_select;population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt
send_strategy;send_elite
receive_strategy;receive_elite
send_num;10,15,30

X634 DIXNTA—FT7A)b

pop_num; 250
city_num; 1000
max_generation; 150
process_num;6,7,8
population_select;population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt
send_strategy;send_elite
receive_strategy;receive_elite
send_num;20,30,40

X 6.35 DINT A—H T 7 A )

J

IS DFEROTTRYMEEO R 7= 0%, [6 UEHoR b ERED 1>
To BRI e LR L 7258235K 6.3 1072 56, G UID W m OMERER L
RTNZ EMRTINS, 7. BKRIRE Rz & & OVEREHER A L2 &
FFENDIF, NTRXA—=FEZFHNTHRRAL LT ZnEnEeZ 26015,

LA2L. RIFVHEMIC T 22 L. BEZERZROTIZRVWE WY b
JTIERWED T, EREREETEL., Taea e offzRICLzbohik
647, ThEHRLZE IO AWML ED CHENKEERLZEBHHZ

LMD,
7% 6.3: MPIEHBSAWO D KEMAFER 1

R | T AR | AR | WHIRROfiE | EIRROfE | BRI /351X
200 7 5 4864.1 7657.1 1.57
400 8 10 8273.5 13525.5 1.63
600 6 10 15428.0 19317.1 1.25
800 8 10 17800.1 24701.0 1.38
1000 6 20 23639.5 30812.7 1.30
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6.34: MPIEHBSAWO D/XF X — % 4
mpiehbsawo
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20 40 60 80 100 120 140 160
generation



% 6.4: MPIEHBSAWO D FKEAGE R 2

| T e AR | AR | WO R
200 6 5 8284.6
200 7 5 4864.1
200 8 5 5562.4
400 6 10 14291.7
400 7 10 10221.9
400 8 10 8273.5
600 6 10 15428.0
600 7 10 15757.1
600 8 10 18500.4
800 6 10 18160.2
800 7 10 18956.0
800 8 10 17800.1
1000 6 20 23639.5
1000 7 20 30047.3
1000 8 20 28848.7
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BTE FLHESEDRE

7.1 FERFEROFL®

KEATIE EHBSAWO, EHBSAWT O 7NV TY ZLIZDOWTET, il « Dk
WICDWTHHNR, TR 7N X =7 B FX, T DRICENDOWNRE Tz,
EHBSAWT Tl cut &L 2 & T, FATHRIZ KIgick T& 50, o
REFCITELS D, 72242, cut BZ LICL THIOFEE L W) e Rz L &,
EHBSAWT 2% EHBSAWO %185 Z & 137%h - 7=,

ISR OFERZEE L OE, =V — MRIKE b —F X > MKIEMEN T T,
EHM OAERRE TIXEASTHIRMEN Tz, FlFEOT Y — Mg e b —F X
> NEXIFATRER, fROKEE & VIIRITEEFEoMEER R L 7=,

F 7=, BHEONG-Z 6Nz & X O R BRI RAZ 0BT D 4 o 1 FE
BT, 2Pl ERE L %25 &t BRI 5 720 Tl RO KL RSN
5, Fiz, BHROZAIC & > UROEKITH 2B HARUTKE S LEET, K
£1 0 OB HETNRITTERT L Z 305 7=,

EHBSA D5t FERIFF 1 EHBSAWO TiTR - 7208 Ixbdb JWEHOHE
FEKY., TS 2IEIFANOF > T AEMoBEZD T oRE L ENY D &
R 5 L) LU — MKIEANR S RUOMEREZ R L 7z, Z oWidMtic & - Tio
FEIEDS 1345006 1.6 5FE LR Uz, WhHkicBWTid, YavexffizL< L,
KR E 20 VDT e B LIROKEES LHT 5 2 L0 e W) HRSH
728, IE62EMKELIMIEOREHZER Y., FREIO6RDLITRBVLETH D,

7.2 S1EDRE

EHBSAICBIT A SZOEEL L TUIIEIRVDONBEZILNDEN, ZOHT
FRCRKEWLDEFT 5,

T 12Fa—W—A 2 F =T =—ABH 5, KIFFETIE. FERE2MIT DD
Wi —5 40 U4 260, ZhefioTTF—2 2L 7208753 A 5T —
BT 7 AN, T4 L7 MRS TERITT L L0 ) FHETIE AR ]
EIDE C /8T X —=Z 2, ZoFE 2L iz, e n) koL iz
ey, FREMOREE AN LI L, ZORRICE > TNT A—F, HlIK
BEZADBEWVBI IO Y, RV DSOS, KIFFETIERN T,
CHhICIEHBFREL > L7z, MIZIERDBD LI RETTr—4%2E 4. NV
PEsrioha—Y—A 7 —Tx—ANPET,

HI)OEDINET NI XLDOWRNH 5, EHBSA IFHARZIANIT 23D 5 KR
WFEF O GA £V bF0AS, fROKE BRITEE © GAICH 5, Z disikic T
U — Mg % vy, EHM 2 EA ST 5 209 272 0 s NTIRRAIRZ 130
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LN D=8, RBSRFTRICB B> TLE S u[fEENE VRN TH L, F-.
WHHALL 7z & ZIHRDREES KR T2 2 e 23H 5 Did,. & ERL b
DEMOEZEIND AND Z & THRREMMMIRTHZ e e LTHEA LN
H, DL eREZRDE, TILVAY XLOWEDT=DICIE. TR 2K
ELNG XD HIE, NI RX—=F BT RLENH L7259,
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AT EF

KR EHED D H VI ¢ FoBMEECZD T L, Y HERICPLLHE
Tz LW FifdBux, Wil ofezih, S 5> Z8nE Lz, FRHCHitE
R—IKIII 5 OB 6 tex DT >~ T L — M ETWHAWA R THEIMEEIC
RO FE Lz, ZZICEIIERH L ET,

F 7z, OCaml &) TIES LWL RZ > T < v/z INRIA DBIFRE DS «.

FlMeveZE LY 7 N2RRL. BRIHEHIE T h Wb A —F Y —
AAI 2=T 4 DHRFT DT ¢ IR IBEH 2L £7,
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fT8:A /NSA—F—F

AfFE%TlE execute_ehbsawo.ml. execute_ehbsawt.ml. execute_mpiehbsawo.ml.
execute_mpiehbsawt.ml. read_ehbsawo.ml. read_ehbsawt.ml. read_mpiehbsawo.ml.
read_mpiehbsawt.ml THWANRTG A —=F 77 A LV THHETELNTA—-F D—FE
YT HTIRT,

A.1 EHBSAWO

A.1l1 EETEB/IIA—4

4 N
pop_num : FELY

city_num : R

max_generation : B

population_select : no_population_select
population_select_half
population_select_roulette
population_select_tournament

DT
make_ehm_strategy : make_ehm_delta D B, make_ehm_weight s B
DN
use_twoopt : non_use_twoopt , use_twoopt
YRR AR
o /

Al12 BrIn

pop_num; 150

city_num;200,400,600

max_generation;50
population_select;no_population_select,population_select_half
make_ehm_strategy;make_ehm_delta:0.04
use_twoopt;non_use_twoopt

70



A.2 EHBSAWT
A2.1 EETEB/IIA—4

-
pop_num : FLEL
city_num : R
max_generation : b 9%
cut_num : FEIL

population_select : no_population_select
population_select_half
population_select_roulette
population_select_tournament
DTN
choose_template_strategy : choose_template_randomly
choose_template_roulette
choose_template_elite
DU
choose_sampling_node_strategy : choose_node_randomly
choose_node_roulette

DI
make_ehm_strategy : make_ehm_delta D B, make_ehm_weight
DTN
use_twoopt : non_use_twoopt , use_twoopt
DTN

s B

A22 YT

pop_num; 150
city_num;200,400,600
max_generation;b0
cut_num;5

population_select;no_population_select,population_select_half

choose_template_strategy;choose_template_randomly
choose_sampling_node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_delta:0.04
use_twoopt;non_use_twoopt
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A.3 MPIEHBSAWO
A.3.1 EETEB/IIA—4

-

pop_num : FEEL

city_num : R

max_generation : FER

process_num : FEEX

population_select : no_population_select
population_select_half
population_select_roulette
population_select_tournament

DTN
make_ehm_strategy : make_ehm_delta S G make_ehm_weight
DTN
use_twoopt : non_use_twoopt , use_twoopt
DTN

send_strategy : send_randomly , send_roulette
send_elite , send_tournament
DTN
receive_strategy : receive_randomly , receive_roulette
receive_elite , receive_tournament

DI

send_num : fgii
N

s B

A.3.2 BTN

pop_num; 100

city_num;200

max_generation;b0

process_num;38
population_select;population_select_half
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;use_twoopt
send_strategy;send_randomly,send_roulette
receive_strategy;receive_randomly,receive_roulette
send_num; 10
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A.4 MPIEHBSAWT
A4l EETETB/ITIA—4

-
pop_num : TR
city_num : B
max_generation : B
cut_num : FEIK

process_num : FEEX
population_select : no_population_select
population_select_half
population_select_roulette
population_select_tournament
DT
choose_template_strategy : choose_template_randomly
choose_template_roulette
choose_template_elite
DTN
choose_sampling_node_strategy : choose_node_randomly
choose_node_roulette

DT ND
make_ehm_strategy : make_ehm_delta D B, make_ehm_weight
DN
use_twoopt : non_use_twoopt , use_twoopt
DG

send_strategy : send_randomly , send_roulette
send_elite , send_tournament
DTN
receive_strategy : receive_randomly , receive_roulette
receive_elite , receive_tournament

DT ND

send_num : R
N

s B

Ad42 BUTN

pop_num; 150

city_num;200

max_generation;50

cut_num;5

process_num;6
population_select;no_population_select
choose_template_strategy;choose_template_randomly
choose_sampling node_strategy;choose_node_randomly
make_ehm_strategy;make_ehm_weight:0.04
use_twoopt;non_use_twoopt
send_strategy;send_randomly,send_roulette
receive_strategy;receive_randomly,receive_roulette
send_num;3,6,9
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T 4B OCamlMPI

B.1 (FC®IC

AR TIE OCamIMPILIZ D W TSN T 5., ZRBAAHE0 WEIZTEH O
=B H R (7] & —EBHRREL . BIEL 72 b 0 TH 5, OCaml BIRIZ DWW T
ZHE WK [8] 7 &%, MPLICDOWTUEIBHIHA [9][10][11) & &2 BIAL TEL W,

ocamlmpi lFA4 Y AR = NVINTWEbD LT 5, LI TOEREIFETnfs T
Va7 EdNTWAET 4 VT MUTITI, ocamlmpi D 2 234 JLid

[ocamlc -I +ocamlmpi mpi.cma hoge.ml -o hoge ]
PSS

[mpirun -np 3 ]
THikD T 5,

B.2 EAHLGEY

AAFEFE IR RN ST RO EEZ AT LAY, ZoRlcn D0
ocamlmpi ICEFR SN TS ERCEB R &2 AT L, WRETmpi €V a—
Vo 7238 MPLInit & 7> MPI_Finalize 1372V, ZHHIZHENRICR > T NBE DS,
barrier (% 7 7S L DA TTIED T HENRNTR2EEITZENHDH LD
72, ZhuE. WEBTHIIMbE iz yE £ MPI Barrier BESIEhCLES 2 &
MIHR 72,

type communicator
type rank = int
val comm_world : communicator

external comm_size : communicator -> int = "caml_mpi_comm_size"
external comm_rank : communicator -> rank = "caml_mpi_comm_rank"
val barrier : communicator -> unit

external wtime : unit -> float = "coml_mpi_wtime"

MP I 2515 TWd NFAHUGES L ZA 908, L0 HZTLITICHAT S,
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type communicator communicator @ % A4 7/, communicator £ 1%/ — KD

W—"T, DFVT—F MR TCELTaA0%EF Y,

type rank / — RDF 7, 5 communicator IZJE§L TW5 ) — RIZ0 M6 JH
WIEOBBHESRI VS THh, ZhEZD /) —RD50 7209,

val comm_world 7' 2 —/N)V72 communicator. 7 7 #J)V K TlILTH /) — R
ML Tn5,

external comm _size communicator Z 5|BUTHELY . Z D communicator DJE L

TW5b ) — Rz iEd B

external comm_rank Z DY EWTATE ) — KOG Z 517z communicator 1Z
B DT ERT R

val barrier 5% 67z communicator D4/ — R ClalJli % & 5,
external wtime 717 LFTATH HRA T clock iR 2 i BI%L.

B.3 ZEEXHERFLHNEE C EDHER

ifbi%jxm&/\\\x—r/\\\@ﬁ/rgégﬁL‘Taé /\\\X—J‘/\\ /f[—l iLéT & %n&EU
TLHDITH 7 ) KRR %25, & 7% ocamlmpi TIEKRD & 5 I1TESR
IhTn5

type tag = int

L LLEToOBBEMMEZ 200 Tldkel, #71300563 276 70K
BHEICRONG, ZX TEHOCTERERICAy =YD L VT HIFIRD &
9 72 send,receive & W9 B A,

val send : ’a -> rank -> tag -> communicator
val receive : rank -> tag -> communicator -> ’a

Th#zff-oTFat 2006 7av & 1127 Hello World”? & VN9 SCFEH 265 T
B 5,

(* mpi_testl.ml *)

open Mpi

let size = comm_size comm_world
let myrank = comm_rank comm_world
let =

if myrank=0 then send "Hello,World" 1 O comm_world;
if myrank=1 then print_endline (receive 0 0 comm_world)
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ocamlc -I +ocamlmpi mpi.cma mpi_testl.ml -o mpi_testl
mpirun -np 3 mpi_testl
Hello,World

INECTHEHLEEN TDOLIRELICRS, HXNTHHX 20058 ED
73, OCaml D3350  fHICST 5.

/* mpi_testl.c */
#include <stdio.h>
#include <string.h>
#include <mpi.h>
int main(int argc, char **xargv){
int myid, numprocs;
MPI_Status status;
char msg[20];
MPI_Init(&argc,&argv) ;
MPI_Comm_rank (MPI_COMM_WORLD, &myid) ;
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
if (myid == 0){
strcpy (msg, "Hello,World");
MPI_Send(msg, 20, MPI_CHAR, 1, O, MPI_COMM_WORLD) ;
}
else if (myid == 1){
MPI_Recv(msg, 20, MPI_CHAR, O, O, MPI_COMM_WORLD, &status);
printf ("%s\n", msg);
fflush(stdout);
}
MPI_Finalize();
return O;

mpicc mpi_testl.c -o mpi_testlc
mpirun -np 3 mpi_testilc
Hello,World

BTTHDL L2122 D send &) EEUEPA 2 0 MRS L. RUTROXAEHE
e L Udixd —ixie b ollnd,

F /7. receive lITZORZIRTH, 256 NTE-0), By 7D
T = H RS OMTERZIRET Z 1320 (U5 AH A receive DHITH 7L HF0
TV RIFEL TS e EE, MHICHANONLDED), ZhboT -5 BT
BRCRI L 72 & F1TH receive_status & W) B H 5, HlER7,
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(* mpi_test2.ml *)
open Mpi
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then send "Hello,World" 1 O comm_world;
if myrank=1 then
begin
let a,b,c = receive_status 0 O comm_world in
Printf.printf "rank:J%d,tag:%d,%s\n" b c a
end

ocamlc -I +ocamlmpi mpi.cma mpi_test2.ml -o mpi_test2
mpirun -np 3 mpi_test2
rank:0,tag:0,Hello,World

LFDEICT=FRF TR, ZhBREZD ) —RouBor 7 o5 —270
WEFNSENS, ZHuEany_tagany_source & WK Z 7L 5 7 & {fioT
W5 & ZIHFHICH M, any_tag & any source IZICEHOMP 1IZH D L H1TH
5WHE Ty —RIxyFT 5, LTcHlE2RT,

(* mpi_test3.ml *)
open Mpi
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then
begin
send "Datal" 2 O comm_world;
send "Data2" 2 1 comm_world;
end;
if myrank=1 then
begin
send "Data3" 2 2 comm_world;
send "Data4" 2 3 comm_world;
end;
if myrank=2 then
begin
print_endline (receive any_source any_tag comm_world) ;
print_endline (receive any_source any_tag comm_world) ;
let a,b,c = receive_status any_source any_tag comm_world and
d,e,f = receive_status any_source any_tag comm_world in
Printf.printf "rank:%d, tag:%d, %s\n" b c a;
Printf.printf "rank:%d, tag:%d, %s\n" e f d;
end
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ocamlc -I +ocamlmpi mpi.cma mpi_test3.ml -o mpi_test3
mpirun -np 3 mpi_test3

Datal

Data2

rank:1, tag:2, Data3

rank:1, tag:3, Data4d

-

,/

Z @ & 91T any_source,any_tag # ¥ - 7= E T, MFEF 7 &7 ZafjIT
&5, send T b — 2R GEHEBMTHOWWELET —F 2 kD Z LA KD D,
ocamlmpi 1213 int,float,int_array,float_array J DOFFR) e 25 BBUSHZE S T

Wb, ZHhvbid send, recive D KV HIKTH L, & HMIKRDHEDY,

val send_int : int -> rank -> tag -> communicator -> unit

val receive_int : rank -> tag -> communicator -> int

val send_float : float -> rank -> tag -> communicator -> unit

val receive_float : rank -> tag -> communicator -> float

val send_int_array : int array -> rank -> tag ->
communicator -> unit

val receive_int_array : int array -> rank -> tag —>
communicator -> unit

val send_float_array : float array -> rank -> tag —>
communicator -> unit

val receive_falot_array : float_array -> rank -> tag —>
communicator -> unit

WEL TIKL W oldfdh) 220 X5 & E 13320 T ofch) % & 2 B HS
52, 260l ERAL THb,

)

(x mpi_test4.ml *)
open Mpi
open Printf
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then send_int 1 1 0 comm_world;
if myrank=1 then printf "int: %d\n" (receive_int 0 O comm_world);
if myrank=0 then send_float 1.2 1 1 comm_world;
if myrank=1 then printf "float: %f\n" (receive_float 0 1 comm_world);
if myrank=0 then send_int_array [11;2;3]] 1 2 comm_world;
if myrank=1 then
begin
let a = Array.make 3 O in
receive_int_array a O 2 comm_world;
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Array.iteri (fun x y -> printf "int_array[%d]: %d\n" x y) a;

end;

if myrank=0 then send_float_array [[1.2;3.1;4.5|] 1 3 comm_world;

if myrank=1 then
begin

let a = Array.make 3 0.0 in

receive_float_array a 0 3 comm_world;

Array.iteri (fun x y -> printf "float_arrayl[%d]: %f\n" x y) a;

end
a N
ocamlc -I +ocamlmpi mpi.cma mpi_test4.ml -o mpi_testéd
mpirun -np 3 mpi_test4d
int: 1
float: 1.200000
int_array[0]: 1
int_array[1]: 2
int_array[2]: 3
float_array[0]: 1.200000
float_array[1]: 3.100000
float_array[2]: 4.500000
N ‘/

AROTRUE G OIXEZE & L Tsend IC & > TLANN A DS EEE LD D22
LTH5, b9 —J&send,receive DI EHEER L THL &

val send : ’a -> rank -> tag —-> communicator -> unit
val receive : rank -> tag -> communicator -> ’a

THDH, 'alW)DIIEEOMEIING &) BER DT, 4K send,receive
l3 send_int,send_int_array & £ A 5, € 2T, mpi_testd.ml Z send,receive

2o CHZEL RS,

(* mpi_test5.ml *)
open Mpi
open Printf

let size = comm_size comm_world
let myrank = comm_rank comm_world

let =

if myrank=0 then send 1 1 0 comm_world;

if myrank=1 then printf "int: %d\n" (receive 0 0 comm_world);
if myrank=0 then send 1.2 1 1 comm_world;

if myrank=1 then printf "float: %f\n" (receive 0 1 comm_world);
if myrank=0 then send [|1;2;3]|] 1 2 comm_world;

if myrank=1 then
begin
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let a = receive 0 2 comm_world in

Array.iteri (fun x y -> printf "int_array[%d]: %d\n" x y) a;
end;
if myrank=0 then send [[1.2;3.1;4.5|] 1 3 comm_world;
if myrank=1 then

begin

let a = receive 0 3 comm_world in

Array.iteri (fun x y -> printf "float_array[%d]: %f\n" x y) a;
end

//ocamlc -I +ocamlmpi mpi.cma mpi_testb.ml -o mpi_testb h
mpirun -np 3 mpi_testd
int: 1
float: 1.200000
int_array[0]: 1
int_array[1]: 2
int_array[2]: 3
float_array[0]: 1.200000
float_array[1]: 3.100000
float_array[2]: 4.500000
N ‘/

7272, ZDFEFEZL receive TTINB UMY int array 28 DAY — ZITH/RIIC

HFENVTWRWD T ¢ SFFbEWNY, ZZTRDEIICT S,

(* mpi_test6.ml *)
open Mpi
open Printf
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then send 1 1 0 comm_world;
if myrank=1 then printf "int: %d\n" (receive 0 O comm_world);
if myrank=0 then send 1.2 1 1 comm_world;
if myrank=1 then printf "float: %f\n" (receive 0 1 comm_world);
if myrank=0 then send [|1;2;3]|] 1 2 comm_world;
if myrank=1 then
begin
let a : int array = receive 0 2 comm_world in
Array.iteri (fun x y -> printf "int_array[/d]: %d\n" x y) a;
end;
if myrank=0 then send [|1.2;3.1;4.5|] 1 3 comm_world;
if myrank=1 then
begin
let a : float array = receive 0 3 comm_world in
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Array.iteri (fun x y -> printf "float_array[%d]: %f\n" x y) a;
end

4 N

ocamlc -I +ocamlmpi mpi.cma mpi_test6.ml -o mpi_test6
mpirun -np 3 mpi_test6

int: 1

float: 1.200000

int_array[0]: 1

int_array[1]: 2

int_array[2]: 3

float_array[0]: 1.200000

float_array[1]: 3.100000

float_array[2]: 4.500000

N

J
SFY FokHICL T, ERZHHET L & =Mool 2T B, 297
b5 )= AR T I B,
B.4 IEXEDH

B.4.1 YXBMDOEZHEDH
U2 NERZEL THD,

(* mpi_test7.ml *)
open Mpi
open Printf
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then send [1;2;3] 1 O comm_world;
if myrank=1 then
begin
let a : int list = receive 0 O comm_world in
List.iter (fun a -> printf "List data: %d\n" a) a;
end

ocamlc -I +ocamlmpi mpi.cma mpi_test7.ml -o mpi_test7
mpirun -np 3 mpi_test7

List data: 1

List data: 2

List data: 3

81



B.4.2 & FILDESIEDH
BINEERZAEL THhD,

(* mpi_test8.ml *)
open Mpi
open Printf
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then send (1.2,"test",3) 1 0 comm_world;
if myrank=1 then
begin
let a : float * string * int = receive 0 0 comm_world in
let b,c,d = a in
printf "tuple data: %f, %s , %d\n" b c d
end

ocamlc -I +ocamlmpi mpi.cma mpi_test8.ml -o mpi_test8
mpirun -np 3 mpi_test8
tuple data: 1.200000, test , 3

B.4.3 Lad— FO%EZEDH
La— Rz2xEzfELThb,

(* mpi_test9.ml *)
open Mpi
open Printf
let size = comm_size comm_world
let myrank = comm_rank comm_world
type complex = {re:float; im:float}
let _ =
if myrank=0 then send {re=1.2;im=3.2} 1 0 comm_world;
if myrank=1 then
begin
let a : complex = receive 0 O comm_world in
printf "complex: %f, %f\n" a.re a.im
end

ocamlc -I +ocamlmpi mpi.cma mpi_test9.ml -o mpi_test9
mpirun -np 3 mpi_test9
complex: 1.200000, 3.200000
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B.4.4 /NUT7Y MDRESZIEDH
NYT7 N EZELTHRSL,

(* mpi_test10.ml *)
open Mpi
open Printf
let size = comm_size comm_world
let myrank = comm_rank comm_world
type varl = Positive | Negative
type var2 = Datal of int * int * int | Data2 of float * float * float
let _ =
if myrank=0 then send Negative 1 0O comm_world;
if myrank=1 then
if Positive = (receive 0 O comm_world)
then printf "data is positive\n"
else printf "data is negative\n";
if myrank=0 then send (Datal(1,2,3)) 1 1 comm_world;
if myrank=1 then
let a : var2 = receive 0 1 comm_world in
match a with
| Datal(x,y,z) -> printf "Datal:%d,%d,%d\n" x y z
| Data2(x,y,z) -> printf "Datal2:%f,%f,%f\n" x y z

ocamlc -I +ocamlmpi mpi.cma mpi_testl10.ml -o mpi_testlO
mpirun -np 3 mpi_testl0

data is negative

Datal:1,2,3

B.4.5 A VAZ VADEZIEDH
A VA U ABEZGE L THRD,

(* mpi_testll.ml *)
open Mpi
open Printf
class point(x_init,y_init) =
object
val mutable x = x_init;
val mutable y = y_init;
method get_x = x;
method get_y = y;
method incr_x = x <- x+1;

83



method incr_y = y <- y+1;
end
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then send (new point (2,4)) 1 O comm_world;
if myrank=1 then
begin
let a : point = receive 0 O comm_world in
printf "object x:%d,y:%d\n" a#get_x aiffget_y;
a#incr_x; a#incr_x; a#tincr_y;
printf "object x:%d,y:%d\n" a#get_x at#get_y;
end

ocamlc -I +ocamlmpi mpi.cma mpi_testll.ml -o mpi_testll
mpirun -np 3 mpi_testll

object x:2,y:4

object x:4,y:5

B.4.6 AVAIVADY R NDREZIEDH
A VAFVADY A RNEBEZEL THDL,

(* mpi_testl12.ml *)
open Mpi
open Printf
class point(x_init,y_init) =
object
val mutable x = x_init;
val mutable y = y_init;
method get_x = x;
method get_y = y;
method incr_x = x <- x+1;
method incr_y =y <- y+1;
end

let size = comm_size comm_world
let myrank = comm_rank comm_world

let _ =
if myrank=0 then
begin
let a = new point(2,4) and b = new point(3,1)

and ¢ = new point(5,7) in
send [a;b;c] 1 0 comm_world;

84



end;
if myrank=1 then
begin
let a : point list = receive 0 O comm_world in
List.iter (fun o ->
printf "List data: %d %d\n" o#get_x oi#fget_y) a;
end

ocamlc -I +ocamlmpi mpi.cma mpi_testl2.ml -o mpi_testl2
mpirun -np 3 mpi_testl2

List data: 2 4

List data: 3 1

List data: 5 7

B.4.7 BE¥OEZEDH)
BR% W E L TR D,

(* mpi_test13.ml *)
open Mpi
open Printf
let size = comm_size comm_world
let myrank = comm_rank comm_world
let _ =
if myrank=0 then send (fun a b -> a + b) 1 0 comm_world;
if myrank=1 then
begin
let £ : int->int->int = receive 0 0 comm_world in
printf "function result: %d\n" (f 2 3)
end

ocamlc -I +ocamlmpi mpi.cma mpi_testl13.ml -o mpi_testl3
mpirun -np 3 mpi_testl3
function result: 5
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