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The structures and phase transitions of monolayers of isobutane adsorbed on the
basal plane of graphite have been examined by means of x-ray diffraction. The
diffraction patterns obtained were analyzed on the basis of line shape expected for two-
dimensional powdered samples. The monolayers showed an orientationally ordered-

disordered phase transition inherent to two-dimensional systems.
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ZITH)ET— Y 2 RE (E) T5F T/ —F O CPUICHLEEAERA LB E T OEK &
B ho K IILFVRIICBNTHEEFBIZLZE /- FOFLRMZE S, BFREORETH 558
BREZHENRICTAFERL LIS VI 2RFATHIOTH S,

iU &I

HELAE ) BUGHIAEE Y A 7 A3 E A ) RFFIME S A7 A L LT, LELR /- FT
DART =Y BREEAIT) 120, BET -5 2F23NE ) —F PR BV EF - FRIIKT 23
FEIA) LS E C KBEBMEREICE L TWwa, L2ALMD ) —FOF— 3 BSUELRBES. F— & 2 3%
RETHIN—F U BRLBEGNTOT T AN 2B, XoT, —RICT— ¥ EHER ST 0 —
FEXY A MG % EZT VT BECELEAID S, V- RELZ1IEAONV—F L I— LT
BEBDO ) —FBTF =50 L) 2 —FIATHINBETH L, I V—T@BEIZE/ — F2FEE L%
T = DEZEDOREIT) 2O, %/ —F O CPUICEEGIFLRESEL 3,

— I AT ) RIGFIRIE S A7 ATH, BHULIC X BHREH LD DICEETREHE LT,
DUF DA BT 515 2]

o BRIMIEERDF DA — NN F /NS T B TNV T)ILRTAT T Y LAUT, BHIEDD
BEWRELBBIICT VTV T ERT 5,

e AMDIIODXZEZT -V 52 5E TS . &/ —FICUEZHEICE ) BT,

o BE, FIDF — NNy F2/RSCT 2  BHBEZITHLEVEIITVITY) XL %2TET 2, &
fEEHBEDOF —NT v FIZI YR %4TS,

PESROHWT, ABFRETIIFICIOHOBE L “WEOF —1NT v 7" MBEICER LR 21T T
V2o WHLEIZETHEE - FEIZAT I B, —#IC 7V — 78R IR A NS 5 725 “HEiE - [
IO F =8y B SEFIMB ORI NETFTOERREEEZ SND, 22T, Z V-7 H#E L
PO %85 LHEDOA —NT v T IS VBT 5 2 LATT & T, BHLE O MEFE LT O
FRTH 2 85 - O+ =N~y F” 250k LZOFERO Y — 7 WISV EE BT 2 & 45T
&b AFRTITBELHBEDOF =Ny T I I VBT 2 HREI AV VTR E LT B,
AIFFREAT ) H D RFICEA SN TV D intel HE D5 2 € ) BF| 2 > ¥ 2 — % “Paragon
XP/S” # M L7z,

2 AT

ST AT B AT A TOWFMCIC & 2 HEER LD 2D ICEETREAD I b, —#IC Y&
& - BADF =3~y B2 SEFIREORBENETOELRERE ZZ 6N s, ILEE - A%



T, S V—TBEICHEAIENISL-OTHE, £ T, FV—7EBRELAEOLEZ Y 1)
VT ERWTT O S I VT AZENTENL., BFIMEOMEEINETORERKTH 2 “HfF - [
BIOF =AY F? 23R L ZOFEHOE — 7 HRIGEVVEEZHRT Z 5 FE S,

M1 BB T V=T RELIA) VT2 B L L EDO-HTH L, LERIZT V=T
BE. TRICYV A Y ZICE 2B AR LBEICKERZ L o TWwb, V- THEDEE. “taskl”
PR TT 2 ELTH /) —F THEEA%E &Y FE “coml” 27N b, TD70, ILH “taskl” H5E (K
T L7/ — R/ — F O “taskl” 25T T 5 F TRELZZITNER O 7\, 72, BEDOH
SHEEDIEEFTI I LIITER WV, 202D, £/ —F 0O CPU ICERZFLRMZE5 R 5. #F
“coml” DR T T 2 & . ROMHE “task2” ?47bN b, TDX I/ V—TBETIE, FHHELERFRI
AN LTCBEL TV, A4 ) YT ERIORBETIRT 57:010, T2 ERKTH/—FIZ
WL —JERRELHAVWA I LIL Y, FHELEEYIEAT L CRLE SR O L2 E S
FHETH L, ERAYPREIR. WICEZER TR LILEICZEH, T—F 2% (%E) LK
A EBROMBIHEL LN TES 3]0 DD, FIELERE 2T L TREYT S Z & H5TH
Thb, M1THHATHE, ¥4V V7L B0HIT “askl” DT L2/ —F b —% %
PELT 2 )—F I L7 — % %%%E (“coml”) L. FEICROLIE “ask2” 2479, TD72D,
£)—FOCPUIHLEEZ252 522272 5DT, FVv—7BFIC L 5HEFRE LY
SBECMBET LI ENTEL, A4 ) VT IEZEVFRET LRI EDROMEEIT) 720, £
AT 57— DRZEDEER LT Y OESUDOIOEZBRETONFTHRLPLEE RS, *
SEETHORLEEATLE, / —FRF—IFZEENRLTITED, 20X, ¥4V T
WX AN ESERTHRUOR LEMH TR A IV BEEE L, B, SHOFE TII—xF
—3JE[FIRA{E 1T “MPI_ISEND”,“MPI_IRECV” ,“MPI_WAIT’[6, 7] D 3 DD N —F V2 L7z, ThH
BENFN, T2 ELRIALBEDRDT O AHEL I EDTELNV—F V., T—8 %%
ELEZBELEDRDTOVAIHEL I EDTELV—F v, T DEZEERTSELZDD
N—FVTHb, SAORATIIZ A) VI FELZH, —fle L THEEFRIEICBVYTOY 1Y
VT DEHEEREIPD D

! Group communication

task 1

1 woo|

Tiling

task 1

com : communication time *

M1 ZVv—7#ELY A1) VT DK

3 HEMEFRE

SRR [4) 13, BREAERLTWANFE S CICRPT I L OTE RWREEE Y FREA % # < IR
HED1DOTH5D, BIEDOFEARBAMT CTIX, 100 FIEZBZ 5 & 9 % KBAEET HRERE 72010k



WONY MVIEESR T HW/2E LT, REEEICREDTS 5 7205 MLICHIRPSEE o T3 [5].
175 A BPIEEMENFATIIOSE . HREATH A, BEH b, BRI P vz 2 ZhZh,

ail @12 ... Gln by z]

asy a2 ... a2, ba T
A = . . . . 3 b = . y Tr =

anl Qn2 ... Gpp b Tn

5 pE, HI—RHRENI

Az =)
ERTIENTES,
KT, Bk . FEEBOBEFRANT MU g, EERBIORERZ bV r %
k
o1
S R P
Tk = . y Gk = . y Tk = :

e i e

ELTEZ %,

PLFIC 3 BEEHEO 7 VT ) XA %R,
1. A EME zO0%ED, k=0% LTROfEZ KD S,

¢ = 1O = _ 40

2.5s=A¢ME L, B EkEOBERKR 2D, Eh+ 10MMEzFDEZ L 05,
ol = g 1L = Zn:qz(k)ﬂ(k), €= Zn:qgk)si
i=1 1=1
2+ = g0 4 o (k) (k) (1)
3.8k + LEMMEDEE D2 b L0 B,
pH) = (k) _ oK) (= b — Az(k+D) (2)
pk) = g REL (=3 nE,

1=1

D = p(k+1) _ 5 () (3)

TRtHET %

4. FRToiA<i<n)ieonT, pF D <en bz, 6.~ B2,
k<n—-1%513 k=k+1&LT2~bY5,

5,200 =zM¥ LT1. A3,

6.zt ZMmET 5,

4 ZEE
PAUFIC, AT - 7= EBRONE# 505.



4.1 24T OB

AN T DEVEEHEDPD LD, HETF—5 2120/ —FI|EDLEHE LEERYIT-
77o EBIZETD ) —FORENY T 755 1DD3E /) — K OZENY 771y b— V% RET
%7 )v— 7 #fg “MPI_GATHER”[6, 7] —[Ol53 & . FN EMBDOME % IT ) V—F ¥ % —xf—IERIHE
FEAVTRAB LT 2, 240 Y TICX 50O FPUEERSETIE, 540 V7 DER)
PWEAPTEL, 2B, TOERIEIZ/ —FOF—FDKE &% 8Mbyte I LTW5,

4.2 HEFEMEDATNE

HIREFHEDOLTUL 24T I D72 AL by oy r 270y 7 BET 5, Ep@EFHEO7 VT X
LTBVTIHEINLDIHT & %2 o TV BEDTE, ¢,7,6,(TH B, T, FEEZTIE, &/-F D
TS BLEE D720 THDL, (1) DaPg® ZFET 2B, 1RTTES ¢ TRTOEEINE /) —
FTREERD, LoT, N (1) OHICE/ —FIBEZT, LATES] ¢ DT RTOBEE LM%
VEWSH B, $72, K (2) Da, K(3) DPEROIBELEL 2B L &/ —FOTF—5 2o, %
DT — 5 D% RO BWHEPFLEL 2 B0 7N —7 BEIT L 2 HRMFETIZ, WZEOREE 7 L —
781§ “MPI_ALLGATHER” [6, 7] (& / —FDRENY 7756, &/ —FOZENY 77 IZBHEWIC
T8 2 RZRBTEN—F V) BEBEOLIEE S )V —7 85 “MPI_ALLREDUCE”[6, 7] (& ./ — F D%
Ny 77 DT =59, BELEVLEESN, BRVE// —FOZENY T 7ICAZV—F )
Wi & AT 0720 72, A ) Y IIT X A HBESRE TR, W —FERAEE A L. BH1LE
1To72,

5 R --ER

AN T ORI EMEPO A BEBROER*E 1R T, &7 — 71310 @EHI LEH Z KD
72D ThHr, COEBRRINV L) —FOLEZFBVTIA) VI OMBEIELNL,

E£1 240 7O

| /= FB(B) [ 7 V=T #85 (sec) | & 1) V7 (sec) [ B EFE () |

4 0.032753 0.035825 0.914
16 0.062223 0.037093 1.677
36 0.077736 0.046413 1.675
64 0.078696 0.059186 1.330
100 0.085045 0.057753 1.473
144 0.104264 0.065109 1.601
196 0.115154 0.083981 1.371
256 0.153100 0.096857 1.581

Rz, HERERE (A vy a4 X1024x1024) 27 IV—TFillE, ¥ 4) Y712 & 5 H5ETHN
TIAERER 2R T 7 —F I 10 EFHI L2 RDZDDOTH L, HRMEREZ 7 V-7 #E
BIOSY ANV U7X DM L 72RER, T/ —FED2 / —F 25632/ —FDLE s L) V7
X BRIEBR SN,



R TV—TEE. FA)TITE B IEREDOKER

(7 —F B () [ 7V =T8I (sec) [ 5 40 ¥ 7 (sec) | BEFILE (1) |

2 309.36 301.66 1.026
4 156.52 153.63 1.019
8 80.82 79.64 1.015
16 43.48 42.95 1.012
32 26.10 25.61 1.019
64 17.28 21.16 0.817
128 14.21 26.89 - 0.528

32 ) —F &z 5 L EERERMET LAERIE, 7% 2%E (E) v2EEAS NS (—xf—
JEFIAREFRRE) 7 — 7 O#F (“request ID”) DEEHERVE ozt Bbh s, 40
F L7853 v ¥ a—% “Paragon XP/S” 138/ —FIZ%E (548) L7 —% 2Bl 5720 0%
ANFD64EBHVE /) —FTTUT T 252FTTHE. TOBANFOEAERYEC 20 #HFDNE
FELPEL 0P EEZOND, 2F 0, EfT/—F 32/ —FT¥% A1) 7 (MPI_ALLGATHER[6, 7]
WWEDLLIAY) V7L BN 2 1RIEFTLTH, REMFTIE, EGFIIHT—FIEHS
MBEHANTIZ 62 E % 0 BT ONEFEFLIIRAEL v, L L, FE47/ —F#932 /—F Zik
25 EETOBNTFFFERCER SNIEEPEL 2D BIFOMEFEFLVFRET L, TDLD
32 ) —F%8Z 25 EEEREEMETLAEDZLEEZONS,

Tz, MICMERENPET LAZERE LTUTO2 A8 ERL b5,

CERT ) =N N ) =R BEREZER TV F Y OETRBIEM L EZEETV—F ¥
DY AIVTITTNPECRIBEIET L0ZEEZLND,

1 HEORFEETV—F VICOBEBESPPNTE TS, ThE, SEER LR EBET
N—F VDOREET, AN YT ICALELRLE (EZESNET - ORESE2HARLE) %
FoTWizlzdThH b,

6 %5
DEBEAIToI R, A4A) VT OB EMRATHIENTE I, L2L, 4D V72X

%%ﬁ% RDRLATD & T BAIFOFWT E, ERERTN—F VDI AIVIOThER LI
I BN OETERONEDTEAHOBEE LTUTO 3 HORFAVLETHLLEEZLND,

CEFT ) - FBOBOT — @B TF 2 RHON—F Y 2 7 BUE

CREZEIBTT = S #NT 2B ER L 2w T v T ) X A okE

CRERERTN—F Y EATI YA IV T ORRGE

A VTR BEOR IR E BB ROREZEET V=T VL E
LA VTIE LT VT Y RADPLETHLEEZONL, AR L27 VT ) XA,
TV—TBEOKRELELBTALDIC, ZV—7BERIIEZLNIZDDOTHY, ¥4) V7O
ARLTLHIBL TR ERWR RV, Thbb, ¥4 ) V72 AT A2BEEFORELITLE
A7 NVTY)VALDBERBINTWER W, S V—TBEICL LB LELE L4 YT ORI, 7
V=7 @R ﬁ%t%?wjquwﬁw IRETHERINT VAR E I A ) VT IZEFLT
BY., BERICHEL T o TWEWERSTHE1LTH S,
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[7] William Gropp,Steven Huss-Lederman,Andrew Lumsdaine,Ewing Lusk,Bill Nitzberg, William
Saphir,Marc Snir [ MPI -The Complete Reference Volume2,The MPI Extensions ] , (The MIT
Press) ,1998.



BEH7 L) XL ERERARFREEZME LI ELBRE

MILEERERS T8 TR Il S
MILEERERS T8 M LM A #Z

E N dA9RdEtiEERET 2LE— VA< RIEE (TSP) X LT, REEIrHEFE
FIEPREFREEINTWS, TOREBW ke LT, TSP HEHDREFERETH 5 2-Opt,
3-Opt, Lin-KernighaniEih'$ 5. FIiZZINS6DHEEREEZ 7N IT) ZLRFIZEL T & THREAEIN
5, FErEpiLik BEHTZNITY XL, 7Y —F KERFERELRER, X 0RRGICBEF
iefEEE e 7 Tu—F & LTHISGNTWA. AR TIE, TSPIZxt U TR LRI Fk
D—DTHh 5 KERDFEREZ, BEHTIVT) XLORXRER L HEZEA LG LWELH
FREIZDOWTHNT 2 e iz, oM AR ELRECHEAT 2BOBERRIZOVWTEET 3.

1 XAHNE

MASREEREI, T4 BY EEYE AXL—ya IV —FhPoEFIE N
B L, HEROIRERZE ZLIBOTRETHLZ AN TWS, MEDRMEELE &
HEDETH U HMBOBUIHRBW @R ER I L, ZIEARMNICREREE RO 5 Z 23T
BETHHEZEN LR ATTHS. ®-T, TDLI MR I L TE, %R
WRIFeErEN T 2MEOEESESML TS, oF 0, HEMHAIERIIENT, Hbhsls
VEHECHEEDOY A RIS BFETETABELT 2 EXONTEY, EHORHARBINICE
BRZANE GIOA 2ENTAEOBERLNEE>TVWHDTH 5.

e REEEICN T AEII I S EHET DD, —RIC HERE & SEUE IC kK E
KRy END. BEMEEFATIHGIREREEHT2 2 HNE T 50, KBRS
A L TR R 2 BDEE T 5-DBRENTENWI 6N TWS, Fiz, AL
2RI 285613 HBHEREIC RESME2 RN TH 50, REMERIET 2 LD Tidiz\,

—fRIZ, EPREDOMARIC BV TISEREL T Tu—FRRALNTWS, ZD LD el
B BT DR O EARN ST, RFTEEELE (Local Search) 23— XIZEHANTWAS, AT
BRER, GANTMo TH LT, HEAFEREEMZ 2 Z L TEDEEN (z) b 65 LW#E
TEERL, TOERINB BLATEZ 5N TW Mz KDL RVWIHiEE2ETIIE (0F
D, f(@) < f(z) DB, TDWa' e Hhizl, BOAHRIELRET Z & TEHN(z) H»5FH
Lz L E L OGRHI S 2 ELEZE DV RTLDTH S, ZDRFHRREIC X - THREHIZ
Bonsfzid, N(z) DFICKEMIFE LR Kol Eh, 2oz ibEENDL & THAT
M (R Lisd. ZORFBOEIL, RFTREETHEHIN 50ERECKEL
RETHLOD, ZZTEAINZIEFENOL LTI, N EIZFHETED BWBIEEE LWy
ZEEBEWRTS ZEDLIBILID, TORFEREICL > TELNSME, LIELIEHED
W FPELSETR RV DS, TNREHEBOENERIET 2 5L T\, R#Eh
LEENBT2EEH L CLEIHEAIBETERWISTHS. 22T, ZORFERERH
WCL Y BIFeaB2-00RIVBEHELFEE LT, RERER2 52 5N-EEE, &0
BLUETTL2HELRDD. ZOAEDEEIBD THETHD 205, HEHHED W L #H1E
5N, EHEAH L7 Tu—FD—2ENTWVW5SE. —fIZ, TOHER“T V¥ L5 5 RDFHE
& (Random Multi-start Local Search, MSLS) [15, 20] & ':iZn 5. MSLSIE 5 > ¥ L 7o fi



P OERMTEDN, BFEE2ERZE, BUOSY Y LBEERL, RFRREEZEVEL
LT HHET, HH52ONRM, 23T > TRE LR VR LEKIZERE L ke
BMOKRTERMEY T3, &I, BREOERITZL > URLNBOFTRROMBEZENT I
DTH5.

MSLS &0 L FEIZHARE T A F 7 2HA LY, “RERAHERIEE” (Iterated Local Search, ILS) [1,
2,6,7,9, 14, 15, 16, 17] '3 5. ILS OHARRY T, [HEHRIFIEMDL<IZIE, EiZREF
1fED B B O LEANIEN] [8] & W\ D BRI EHER R R— ZICEW TS, DD, MSLSD &S
SV AEERWT, BUORFREEERT DT ZL, BonlRiEnr s RFTERET
5 N TR L 3 R B E I L ORI 5 0B 2D, HURRZEVE
LAFESILDTH S, KEE—VAI VEEICBWTE, H2EHEREEHNT, RF#»50D
Bt 4772\, B, 2-Opt fE%> 3-Opt 3%, Lin-Kernighan DU 572 &% FIH L 7= RFTERR G
(ZNB%2-0ptik, 3-Optik LKk [5] &IEE) #EVIKTLDOT, 1990 FARIMLLK, &L
Hte—7Fu—FE LTEBELTWS [1,2,6. ZOILSKEWT, RFEISHRET 27200
VEEERE X L TIE “double-bridge Hiik” 235 0, ZTOHEMEIBLE < HmEIN TN S,

KRR, KEE—V ATV RREIZH S 5 ILS T £33 double-bridge Hik b v iz, &
FERIT7 VT ZLDREIENLEEREA L, “BEHIRERFTRFRIE (Genetic Iterated Local
Search, GILS) \Z W CEER T % [14, 15, 16, 17]. T D GILS ZLARTE < I2 & » TRESh, K[H
Y — V27 YRR LT CRIFAMENE SN D Z & 2#E L. KR TR, TSPIZ
B EN - B LU GILS OB A RN T 5 iz, hofavRELRBCERT 55
SOBEBRBLUZORHFHIR LI OVWTEET 5.

2 TSPIcXT3F/L7 7/ O0—FEEDOED

¥[E & — )V 2 < >~ [iiEE (Traveling Salesman Problem, TSP) i, H-x6Nlnf@DRE2HT
BDEEESEL TS 7ICBVTC, KAHOERENE 2 SNk, KB —E 21} & K %8 % Hamilton P
BTF DML RN 22 b DZERDBMETH S (1].

TSP % ##< 1= DRFEW 2k LT, T L5 K RFTHEAL, simulated annealing, tabu
search, ant colony, neural networks 7z ¥ DSMEARIL 7 SO —FH G E TIREINTE . K
CENEZLOE LT, 22 CRRERBFHERE (ILS) B L URIZMT VT XL (GA) ZEARIZL
TR OV TRE DB R N ENER T 5. T ILS DHEAB 2L TIZRT.

Standard Iterated Local Search
1 Generate an initial solution S (improved by a local search from a random solution).
2 Do the following for a given number of iterations.

2.1 Perform an “escape technique” on S, obtaining S’.
2.2 Run a “local search” on $’, obtaining S”.
2.3 If Cost(S") < Cost(S), then set S = S5”.

3 Return S.

ILS T3, Step 2.1 T % BFHERIE L Step 2.3 DJ{FTMEBLILHIEC &> T, ILSHHD
TR BRI k& i &L Bl B [7). TSP TRFEMZILS & LT, Johnson i3 RATERR
WICLKEE [ 26 L, RFTRHEIE Y L T4 208 % F v ¥ L1 AN X % double-bridge
FEw AW, Z®ILS i Iterated Lin-Kernighan (ILK) ¥ & FEEN, ENFERZ2E®E LT
% [2, 1. FIZ Martin 5 B double-bridge L% FIH L, Large-Step Markov Chain & /-3



N5EERE L (6] Zhidsimulated annealing D7 A 7 7 ##EA L2 ILS T, ILK & A%k
WENBEE LTHISNTWA, F72, Z® Large-Step Markov Chain DX Rk % Hong 51
RELWS [9). EiZHong 513, HRRATMBLHELIT 4 DDE % A& X 5 double-bridge £
HETR L, ILSKBVWTHAT 2 RIMERES L UEX 6N Y 1 S L -T, ANEX
EREFRBABBSPFET B EBLTHE L. 22T, ANBADEH Kk %2 2 5 50
¥ T k-change IZ2W\WT, TSP THEIZFIHINSHABRREICHIGARRET L TWE. Z0D
fEH, 2-Opt ®3-Opt ¥ Tt 3-change H*5 8-change A EXTH Y, LKIELIZHK L TXFEIZEL
DFE (8-change 2°5 50-change) % L= ANMENTEREBONIEHEL TS, i,
Codenotti 513K D 4-change double-bridge £k &, 5 DIRET % e-move HB LU k-move &
EN B8 %, TSP ®2-Opt, 3-Opt, LKIEDRFRBRECZENTNHEZALZ L TENSD
MEER EBRET L7z (7). TR, #oDRE L -HEE, /KD double-bridge Hiik & 0 L&
N-tiEzRd EHEL TNS.

—7%, GAWZET 5 LT, Mihlenbeinld, RFTEEEEEHMAATZGA (genetic local
search, GLS, #zHIRFTEERLE) O A%F|H L, maximum preservative crossover (MPX) &
IEN DR ERRE L [18). ZDOMPX %2FIH L7z GLS DESM: 2 #ER T 572512, Ulder 5
& GLS D RFTHR#EEIZ Lin-Kernighan 7 )V 3" X A% HAts Z & T, simulated annealing 72 &
- DFREE D LENT-MHEON S I L &R LT [21]. FIZ Gorges-Schleuter i3, MPX & BFTHER

TEEE L7 GLS OWAMEZRET L7z [19]. ZOWFIGLS1E, DAERE X T\ /- Asparagos D
& AR T Asparagos96 & FEiZN, RARKEFEIZ double-bridge HiEAMER N T\ 5. Asparagos96
DUREIEHE VRN TR BEVWREFRBEZER L TW2I2L b 567, LRI RERIE
5NTW5.

T2 GAIZBET 5RO S 0 5, Freisleben & Merz 1, 3 X2 distance preserving
crossover (DPX), RFTHEFREIZ LKiE%ZH L7z GLS O A ZFIH L, RIRERIZ double-bridge
BEEBAT ST, 4ETEMEIN T TSPIZHT 20 7 Fu—F g% LR 55D
TENTFEREHRE L [3,4). kB, HODGLSIE, XXNHERY0, RRERMREY 112751
121, ILK & RIFRIFOEREIC LD EHLERINTVWS, 2F D, HS5DGLS THRLNIAER
i, BEHLZDPXAKELRSRELS LI TZ 5. FHRRIC, Nagata & Kobayashi &
NIFERZHRE Lz [10]. %513 GA DAHDORMAEFIAL, MN7e3EXHEE LT, edge assembly
crossover (EAX) ##%E L7z, EAX Tl a—) A7 1y 7 AEEHEALTNEY, Bo5Nhb
fi#13 Freisleben 5D GLS THH SN 5@ L ZIFFRE TH O, KBULLRIESNI L TH RV
EThREMRZHETETHS.

TSPIZXT 2 INEDEDIFEALR, BHOTENMEREILT 2 LIZEIL TS,
d, TSPz L TN RFTRFEE [T % &3z, TSP & TSP %2#< -0 D RATRRE
BIL T, EBRWELIRBWIBONTABET VT ZLHPEROANTW S DL EZ BN
%. Miihlenbein i3, GLSIZHWT, 2-Opt ik AN BIF BRI HIET 5% EOBIE, 2-Opt
ETEINIAMD RIF BT DRI L B0 8EN5 2 28l L. 2F0, &
NED"—ODBEHABEDLESHZE T, ERRBWHEBLAEEMIEATHZEE2RRL TN,
#->T, WMOBRLAEMPX 3, ZOMOBHZFM L TFR2ERKTHDT, GLSIZE
WO ELSEIET 5 &R [18] KBWTHEA TWA. F72, Boese 513 TSP D RFT#IZE3 58l
a4 572 GEHIZ DWW TESCHR [8, 20) 22 H) .



3 GILS : B RERBERE

REEDILS TR, BARREIC & - TR LNIBAT#E, 5 DlitEY LT, double-bridge itk
ZFM L. —7, GILS (BEMRERFRRE) TEREECEL L AEERIA LTV S,
ZDHEEBEHEE (Genetic Transformation, GT) X FEA.

GILS Tid, TEXIFXNEEFHTHZLRIABWICHTETDHS. LA LEds, —HE K
NP ZREX s EE WV X ERERT2BAIE, 5V 7 LA BENLRILS LARRTE 20
LEZ6NS. DF Y, XXEZEFIMAT HHI#RICIE, Mihlenbein [18] X Boese [8] A& L -4
BEMOSPOETHH L NEOFEAIBEATHE2EEX 5. #-T, GILS THHEENSGT
T, EREHRETAEEZHETOEN DD, TOMBIIOWTEET S, “O>O0MEIEZ S
Nk, ZOMITRIZEET B2NEM5I-OEREEATNS. TSP TR, LEOHPY T
TICHYT S, INSEFALAEZXER, TSPIZH L TRIFLERIMEON TS,

Freisleben & Merz IZ & > ThHAZE &N/ “distance preserving crossover” (DPX) [3]i, AL
HIZ& > THREEI Nz, complete subtour exchange crossover (CSEX) [12, 13 128 L TW 5.
DPX & CSEX Db KELHLAIL, HArEOL<FE LY 7Yy Geey 7Y 7 [13) 2FAEL
TFREEKT 2HTH 5. XM [12, 13|12 ki, CSEX 2T 554, FIHT 35747
V7 OB L THEENMBETHRLERINTWAS, D&, CSEX TRZ>O@%FIHLT
FREART HH, TOOOMBIEL B354 (DD, SYFLTERENMB, i
FHIZRSUBOHEITE, LY TYTHREFELEVD, 23, ZOHI B TPk
2BV DZe2BEL TS, F/z, DPX ZBF L 7z Freisleben 53, U5 LD RE
ZEBIZERLTWD [3]. #->T, BRI IDELYTYT7ER—RIZGT 2HEHET 3. F/-,
HRIZEEY 7Y 7 OREHRT 570, Zo0f GUEE TCEB SN RRML BFTERE
KE->THHEENLREDHE) DR GTOBIH LTI VT LZ4D20EANEX B, SV L
4-change Z#H T 5.

KIZ GILS Dfin % /RT.

Genetic Iterated Local Search

1 Generate two different solutions .S and T' (locally optimized by a local search algo-
rithm).
2 Do the following for a given number of iterations.
2.1 Perform GT'(S,T), obtaining T".
2.2 Run a local search on 7", obtaining T".
2.3 If Cost(T") < Cost(T), then set T' = T", and set S = T".

3 Return T'.

KIZ GILS @ Step 2.1 12815 GTEBOFENZ =T
Function GT'(S,T)

1 Perform a random 4-change move on S, obtaining 5.

2 Enumerate all complete subtours on two solutions, S’ and 7.

3 Choose a starting city 7 randomly from the city on either side of each subtour or
other cities not contained in these subtours.

4 Do the following until a new different solution 7" is generated.

4.1 Make a candidate-list except for used cities and subtours.
4.2 Find the nearest candidate city j to .



% 1: Best, average, and worst percentage excess over the optimal tour distance for the ran-
dom multi-start local search (MSLS) with 2-Opt heuristic after 100, 500, and 1000 iterations,

respectively.

MSLS 100 500 1000

best avg. (s.d.)  worst | best avg. (s.d.)  worst | best avg. (s.d.)  worst
kroA100 | 1.081 1.788 (0.604) 2.871 | 0.474 1.259 (0.357) 1.874 | 0.474 1.009 (0.367) 1.564
1in318 4.684 5.962 (0.604) 6.679 | 4.684 5.162 (0.420) 6.024 | 4.487 4.886 (0.354) 5.677
att532 6.249 7.404 (0.626) 8.578 | 6.231 6.791 (0.427) 7.448 | 6.231 6.582 (0.245) 7.050

& 2: Best, average, and worst percentage excess over the optimal tour distance for the iterated
local search (ILS) with 2-Opt heuristic after 100, 500, and 1000 iterations, respectively.

ILS 100 500 1000

best avg. (s.d.)  worst | best avg. (s.d.)  worst | best avg. (s.d.)  worst
kroA100 | 0.066 0.863 (0.644) 2.481 | 0.000 0.155 (0.146) 0.348 | 0.000 0.119 (0.148) 0.348
1in318 | 3.103 4.434 (0.782) 5.663 | 1.359 2.318 (0.654) 3.766 | 0.959 1.804 (0.494) 2.470
attb32 4.562 5.107 (0.434) 5.764 | 3.424 4.094 (0.652) 5.764 | 2.810 3.424 (0.522) 4.533

4.3 Connect city j to 4, and set + = j. (if city j is from either side of a subtour,
connect the subtour to ¢, and set ¢ = the city on the other side of the subtour.)

5 Return 7".

GT B D Step 1 1I2BWT, XK [13] TRENTO(n) BEIT o OIZ S EN252EH TV 7
BHETEHETINTY XL2FHT 5. Step2 TR, U7 LICHDEARFEY, Step 3H 5% Step
1 TCHIEEN-ZET TV T EFEINLED > DR 2B 2 EALYE, EfTfEx
R (T8 BEKT 5.

4 FEEER

GILS DAESMEEHS MIZT B 72012, TSP DRV F v — 2 &% TSPLIB95 [11] DRTESIZ
o U THERRZfT72>. GILS NI T 2 RATRRIEIZ 2-Opt ik LKk L, MiEZEH
T 5 GILS DR EZTNTRT.

F9, TSP IZBWTHRL M RFTERETH 5 2-Opt 5% GILS IZHE L 7=, GILS DA%
BRI TIOIZ, U5 L% ERFTHREE (MSLS) EEEDILS E DB RTTD. K1, K2, &R
313, ARIEFIZH LT 10 [EDRITEIT -7, MSLS, ILS, GILS D&ERTH S (15 InbHDE
T, 2-OptED&ED K LEIEAI100[E], 500[E], 1000 BEIORE TOFHRELENETNRL TV S,
28, 2-OptiEEN— 22 L2 BIEM 7 )V T X 4% simulated annealing ¥ & D HEIZHE W T,
Bz D 2-Opt HR— 2D GILS 1Z AR RIC RIF A EHTTEETH S Z & 2HEZ L T\ 5 [15].

Wiz, LK¥EEH L7 GILS DFERERATRDT. ZORTIIEIZ KRB LS & T2HRIZ
L7= 2B, fERE UTGRTEVELERIE, Johnson & DEMERH [1] #8%1Z, n/10, n/10%5,
MIEY 4 Xon FTE L, RITFEBEZENENORESNIIN L T10 BT - 72, FHERHEITFHE
) ZRLE ZOFREH»S 2-OptiEEAE L7ZGILS L0700 K LI TEIZ RIF I ##H
BHARETH B Z LR ENT-. X-T, GILSK L ->THELNZMDEZ, GILSIZHEHTS
JOFTRREDHREIZ L > TRESIKFTHZEDNHL NI e - 12,



# 3: Best, average, and worst percentage excess over the optimal tour distance for the genetic
iterated local search (GILS) with 2-Opt heuristic after 100, 500, and 1000 iterations, respectively.

GILS 100 500 1000
best avg. (s.d.)  worst | best avg. (s.d.) worst | best avg. (s.d.)  worst
kroA100 | 0.000 0.519 (0.350) 1.386 | 0.000 0.053 (0.112) 0.348 | 0.000 0.005 (0.014) 0.047
1in318 | 1.575 2.799 (0.557) 3.738 | 0.838 1.572 (0.532) 2.524 | 0.638 1.261 (0.373) 1.844
att532 1.614 3.182(0.801) 4.331 | 1.144 1.776 (0.340) 2.362 | 1.073 1.549 (0.405) 2.362

7 4: Best and average percentage excess over the optimal tour length for LK GILS after n/10,
n/10%5, and n iterations.

kroA200 n = 200 Opt/10runs: 10 rat783 n = 783 Opt/10runs: 3
iterations | best average time(s) iterations | best average time(s)
n/10 0.000 (29368) | 0.164 (29416.2) 1 “n/i0 0.045 (8810) | 0.153 (8819.5) 13
n/100-5 0.000 (29368) | 0.000 (29368.0) 4 n,/100-5 0.023 (8808) 0.073 (8812.4) 37
n 0.000 (29368) | 0.000 (29368.0) 10 n 0.000 (8806) 0.022 (8807.9) 103
1in318 n = 318 Opt/10runs: 8 pr2392 n = 2392 Opt/10runs: 3
iterations | best average time(s) iterations | best average time(s)
n/10 0.128 (42083) | 0.410 (42201.4) 6 n/l0 0.011 (378074) | 0.051 (378226.0) 177
n/100-5 0.000 (42029) | 0.162 (42096.9) 17 n/100-5 0.000 (378033) | 0.016 (378093.9) 551
n 0.000 (42029) | 0.057 (42053.0) 47 n 0.000 (378032) | 0.006 (378054.1) 1635
att532 n = 532 Opt/10runs: 2 £13795 n = 3795 Opt/10runs: 0
iterations | best average time(s) iterations | best average time(s)
n/10 0.072 (27706) | 0.223 (27747.6) 13 “n/10 0.129 (28809) | 0.341 (28870.1) 2658
n/10°5 | 0.025 (27693) | 0.092 (27711.6) 40  n/1005 | 0.028 (28780) | 0.189 (28826.4) 8933
n 0.000 (27686) | 0.056 (27701.5) 113 n 0.021 (28778) | 0.091 (28798.2) 26958

WAEDRRYD TH) ek e OB 17725, £, Johnson 5 D iterated LK(ILK) i%, 19904
RATELIE, TSPIZH L TRLB N a—fEke L THAIGN 2 A0METH S [2). X [1] TOD
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F T L COEEERROE CHEEICAETRETH - 2. RIZ, Mobius 51, Iterative partial
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Yamamura 5 0 subtour exchange crossover [23] 2’5 %) ZFIH L, FMFERETELN-MIC
MLUTERVELEHATZ2LDTHS. TSP L THEINTVWSHERIZEINIE, Drilling ¥ A
T ORES] (B2 £1 R L) 1T LTRSS WEE TREM 2 BINWEETH 5. 7, GILS
DIBE T, pr2392 7 ¥ ORESNIZR LT, Mobius 5D 7 70 —F X DD TRIF A RH?E
5NTW5,
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Final-state hyperon-nucleon interaction in the inclusive K+
photoproduction from the deuteron

K. Miyagawa
Department of Applied Physics

We calculate d(vy, K*) inclusive cross sections with the full inclusion of the final AN —
YN interaction. Modern hyperon-nucleon forces and a recently updated production oper-
ator for the y+ N — K+ +Y process are used. Significant effects of the hyperon-nucleon
final-state interaction have been found especially around the K+X N threshold.

1. INTRODUCTION

Recent analyses of few-baryon systems with strangeness have fairly clarified the prop-
erty of the S wave AN — LN interaction. Reference [1] shows the Nijmegen soft-core
potential(NSC89)binds the hypertriton with the correct binding energy. One of the au-
thors (K.M.) has found the recent soft-core model of the same group, NSC97f [2] also
binds this system. One of the important features of these meson-theoretical interactions
in the hypertriton is that the expectation values of Sy Van an and 35; =3 Dy Viy s,
which dominate the Vyn value, are comparable, and hence the coupling to the ¥ states
is not negligible. The strengths of the 'Sy and 3S; YN forces are restricted by both of
the AN elastic total cross section data and the hypertriton binding energy. The scatter-
ing lengths of these potentials are thus within the values —2.6 ~ —2.4 fm for S, and
—1.7 ~ —1.3 fm for 3S;. We consider it is highly important to fix these values, which
would have influence on hypernuclear bound states.

What is also significant for clarifying the YN interaction is to study the AN — LN
coupling around the ¥ threshold, effects of which would emerge sharply. Miyagawa and
Yamamura[3] have searched S-matrix poles for various AN-XN force models and have
found a 3S; —3 D, pole close to the YN threshold which is located at different unphysical
sheets of the Riemann energy surface depending on the potentials used. This pole is
expected to influence on various observables around the threshold, and thus theoretical
and experimental efforts for detecting the effects are highly desirable.

The study of the reaction vy +d — Kt +Y + N fits to these challenges mentioned
above. The interactions of the photon and of the K+ meson are comparatively weak, and
it enables us to extract the feature of the YN interaction. Until now this reaction has been
analyzed mainly to obtain the information of the elementary processes, and it has been
done under the conditions where the final-state Y N interaction is insignificant. Although
we can find some pioneering work on the final-state interaction, they still remained using

simplified Y N forces.
We aim to examine recently developed meson-theoretical YN forces with the full in-

clusion of them in the final states around the K*AN and KtX N thresholds. We have
finished the calculations for the d(y, K*) inclusive reaction and present the results in this
paper. We use the NSC97f and NSC89 Y N potentials, and for the elementary processes
Y+p — Kt +A(Z% and y+n — K*+X~, the operator which has recently been updated



by Bennhold and Mart[4].

2. INCLUSIVE CROSS SECTION

The inclusive cross section for the process y +d — K* +Y + N is given as

_ dpg dpy dp
do = ‘Z 2 2 4EKE (2 I)(3 (27r})/3(27r1;3

Y Ha€py UN VY VN

2
l\/_< \Ilqyp,yuy,uNuNIt’YK(l)l\Ildp’d >l X (27r)45(4)(Pd+Q'—PY_PN) (1)

where the p’s and v’s are spin and isospin magnetic quantum numbers and & denotes
the two photon polarizations. The states ¥ refer to the two baryons only and ¢y is the
(nonrelativistic) relative momentum of the final hyperon and nucleon. The sum over
Y refers to A and ¥ channels. The dependencies on the K+ and photon parameters
aside from the normalization factors explicitly shown are absorbed into the elementary
operator tyx which describes the v +p — K+ + A(X%) and v +n — K* + X~ processes.
We also introduce the momentum transfer ) = p, —pg. The factor v/2 comes from proper
antisymmetrization and the argument 1 in ¢,x indicates that it acts only on particle 1,
which in the final state is the hyperon. This form (1) can be easily derived via Feynman
rules but using (inconsistently) nonrelativistic two-baryon wavefunctions.

The elementary operator is kept in a relativistic form. We also like to treat the kinemat-
ics relativistically, and supply the expression (1) with the factor ?%ﬂ which guarantees

Yy &N
the invariance of the volume elements but was missing in Eq. (1) because of the nonrela-

tivistic approximation. Though this is inconsistent in relation to the nonrelativistic wave
functions it might be a step in the right direction.

We work throughout in the total momentum zero frame of the final two baryons, and
then the integrations in Eq. (1) can be easily carried out with the result

do _ px My My
dpxdQx 4B, ExW(2r)? Z"’Y'
1
XE Z Z /dqy‘\/_ < \I/qyuyuyuNuN lt’YK( I\Ild:u'd >. (2)

Hd EMY UN VY VN

where W2 = (P; + Q)%. The nuclear matrix element can be rewritten conveniently by
applying the Moller wave operator generating the final scattering state to the right. One
obtains

< \Il(q—y)#YVYuNVN lt'yK(l) | Qg > = < gy Ly Vy UNVN | (1 + tGQ)t,YK(l) I Wit >
= < gqypyvypnvn | T | Uapq > (3)

Since we allow for A — ¥ conversion the state < \I/q M,,Y”N,,NI is a row with a A
and a ¥ component. Similarly the free state < gyuyVypunvn| has two components
(< gppavapnvn |, 0) for Y = A and (0, < ggpsvsunvn|) for Y = X. The operators
t and Gy occurring in Eq. (3) are 2 x 2 matrices acting on A and ¥ components. The
operators t,x and T convert a nucleon into a hyperon and are therefore two-component
columns in A and ¥ space.



Obviously the components of T obey the coupled set of integral equations

Ty l Wapg >= tzK(l) | Waug > + Z Vy,y/GgﬂTyt l Wapg > (4)
Y’

We solve this set, Eq. (4), partial wave decomposed in momentum space and on isospin
basis. The three elementary processes ¥ +p — K* + A(Z°) and v +n — K+ + £~ are

properly incorporated in the driving terms in Eq. (4). As for the t,x operator , we use
the one developed by Bennhold and Mart, for which we refer the readers to [4].

do/dpk/dQc [ nb/MeV /sr |

Figure 1. The inclusive d(y, K*) cross section in the plane wave approximation as a
function of lab momentum pg for 5 = 0° and photon lab energy E, =1.3 GeV. The
additive contribution for the K*An, K*X% and K*X~p processes are shown separately
and summed up. The thresholds K*AN and K*EN are indicated by the arrows.

3. RESULTS

In Fig. 1, first we show the results of the plane wave approximation. The inclusive
cross section is formed additively by the contribution of the K*An, K*¥% and K*Xp
processes. Above the K*X N threshold the An contribution rapidly decreases and the
two parts of £%n and $~p contribute equally. In Fig. 2 the predictions by the two YN
forces, NSC89 and NS97f are compared to the plane wave calculation. The deviations
from the plane wave result are pronounced around the two threshold as well as on the
tops of the two peaks. The final state interaction near the KTAN threshold enhances
the cross section by up to 70%. Around the K+X N threshold the effects are significant.
While NSC89 only lifts the cross section, NSC97f leads to a much stronger effect with a
prominent cusp-like structure. As worked in [3] this can be traced back to the location of
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Figure 2. The inclusive d(y, Kt) cross section as a function of lab momentum pg for
0k = 0° and photon lab energy E, = 1.3 GeV. The plane wave result is compared to Y N
force predictions. The FSI effects are especially pronounced near the K*AN and Kt N
thresholds. The two thresholds K*AN and K*XN are indicated by the arrows.

a S-matrix pole for the AN — XN system around the ¥ N threshold. The pole for NSC97f
is located in the second quadrant of the complex plane of the ¥V relative momentum and
closer to the threshold than the pole for NSC89, which is responsible for this structure.
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Quantum chemical calculation (B3LYP/6-31G*) reveals that the cation radicals of bicyclic
endoperoxides derived from cyclic 1,3-dienes have shorter O-O distance and longer C-O distance
than the corresponding neutral molecules. Especially in the case of the endoperoxides having phenyl
group(s) on the C—O bond(s), charge and spin are delocalized betvx;een 7 orbitals of the benzene rings
and o orbital(s) of the C-O bond(s), resulting in reduction df energy barrier for the C—O bond

cleavage.
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> GAMESS [5] £ T Windows = Gaussian 98 [6] DE 7' 12 7T LAZ&fEH L, ab initio i
WNCEEFREKE (B3LYP) (L VHFREIT -7,

3. BEBBSALBERE (2]

ASEIOT RV F XY RET FTFV T/ 2F L (TCNE) 27 A Z U HIZE
BT 5 & BERBENERZ K L;ﬁ%w—f?ﬁpﬁh’ﬁ xS T ARINEN BN D, —RICERBE
WU s 2 R IRANIC IS 3 2 L SERN TIRITE R —EFBENE Z Y, contact ion pair ZJF
BT A2 eEpmbonTnDg [7, 7= ’Ul/gﬁﬁiﬁ LR KA x v R (3a—c)
TIEERARIC & 0 ECICEER 2 BB 2 0icxt L, BHERMED 3d Tk C—0 MaE%
<@léﬁﬁotoik,7Iﬁwﬁﬁﬁ@bTW@PwF&I/FAW¢%/F(%,7
ZH Y R—=v) OBFBELEREITH -7, ERBEGEALEIE TAR T % contact ion pair
ITHEEFBINCL Y ERMOFHESFIZEDOREY (Fam lns LLTF) &Ex L [8], 3a—c
DRFGIEFITHREISBETCWD ERBIND, 2B, TNVA L/ & AWTEEIREIG

Tt 3ad,5b DVT b O—OFREEFRICHET D VTR FT v FEER LT

4. JEF%
41 s
ﬁ%m%L4®%@%§%Kié%%%ﬁm%%%TwhIK%TO:@¢T@%¥m%
AEB LTS MP2 & BILYP OFERMEHER 0—0 FEEHEM (Roo) ZIZFHHEL TV
%, B3ILYPIZ LB L, ZBRMET Y R~ULAF T RO la—e O HOMO W TN b EEE EDIESL
BEFRFELORAFMEIE (o) T, next HOMO (X C=C “EFHEAD t#E (n.o) I
RoTW5h, —7F, BEREMO 1d TlE C—0—0—C OR LI L > TIHEIFEF XM DR
75%5?[15%57”:&), Moo EMeee DEFNX—NHERL CND, T72, 7= VENEHR LT
2a, 3a ® HOMO I 1a FfRIZ noo TH DY, %@?CTK&nyﬁwnME(m)ﬁﬁ
BL, TNOOn#EN C—00#E (oco) IIFFERTHEIRAVTHA—Tal%k



Table 1. Calculated Bond Lengths and Dihedral Angles for the Peroxides (1-4)
Method Bond length / A Dihedral angle / deg
Reo Roo Rec Dcooc De-cco
la AM]1 1.485 1.318 1.357 0.00 65.93
PM3 1.413 1.615 1.345 0.00 70.50
HF/6-31G* 1.430 1.417 1.322 0.00 68.69
MP2/6-31G* 1.462 1.508 1.350 0.00 70.86
B3LYP/6-31G* 1.458 1.487 1.342 0.00 70.18
1b MP2/6-31G* 1.454 1.498 1.343 0.00 58.58
B3LYP/6-31G* 1.451 1.481 1.336 0.00 57.98
1c MP2/6-31G* 1.461, 1.441 1.476 1.341 29.33 49.74, 44.84
B3LYP/6-31G* 1.442 1.474 1.334 0.07 - 49.37
1d MP2/6-31G* 1.427 1.476 1.338 80.19 17.36
B3LYP/6-31G* 1.423 1.463 1.333 77.23 16.48
2a B3LYP/6-31G* 1.470 (Ph—-C-0) 1.481 1.341 1.42 69.60
1.461 70.04
2d B3LYP/6-31G* 1.442 (Ph—-C-0) 1.462 1.333 77.08 13.88
1.422 18.07
3a B3LYP/6-31G* 1.473 1.474 1.340 0.00 69.48
3d B3LYP/6-31G* 1.436, 1.428 1.466 1.332 76.12 16.43, 13.27
4a B3LYP/6-31G* 1.435 1.503 — 0.04 —
4d B3LYP/6-31G* 1.428 1.459 — 72.65 —
Me-O-0-Me (experimental) ¥ 1.420 1.457 — 119.1 -
‘Bu—-O—-O—'Bu (experimental) ¥ 1.460 1.480 — 166.0 —_—

a) Ref. 9.

BL, FNODOTEEN C—Oo#UE (o) IIHFERTDH LI Rar 7+ A—Ta%
EoTW% (Fig. 1), 2d, 3d TiE 1d A8 10 DTZRAF—ET DD mpy B 190 LY
TRAFX—WNC EfL & o2, 2B, 1-4 O LUMO W1y, 0—0 o *RFEATEELE (060.0%)
ROT, 1-4 PEFEE TR —BETHESNHEICIE 0-0 OREEMESERL

FEERRT L Z Db 5,

42 hFA2S5THhIL

HFF T NDEHEITT T B3LYP TiTHo 7=

(Table 2), 1a*® R, o i% 1.301 A T,

7a* (after optimization of 2a™)

Fig. 1.

8a™* (after optimization of 3a™)



Table 2. Calculated Bond Lengths (A) for the Peroxide Cation Radicals by B3LYP/6-31G*

Cation Radical Difference (Cation Radical — Neutral)
Reo Roo Re—c C-0 0-0 Cc=C
la 1.637 1.301 1.349 0.179 —0.185 0.007
1b 1.516 1.333 1.335 0.065 -0.148 —-0.001
1c 1.535 1.320 1.334 0.093 -0.154 0.000
1d 1.402 1.461 1.387 -0.021 —0.002 0.054
2a 2.850 (Ph—C-0) 1.299 1.361 1.380 (Ph—-C-0) -0.182 0.020
(7a™) 1.530 0.069
2d 1.485 (Ph—C-0) 1.403 1.331 0.043 (Ph—C-0) -0.059 -0.002
1.446 0.024
3a 3.337 1.215 1.404 1.864 -0.259 0.064
(8a™)
3d 1.434,1.420 1.465 1.350  —0.002,-0.008 -0.001 0.018
4a 1.497 1.346 — 0.062 -0.157 —
4d 1.501 1.328 — 0.073 —-0.131 —

FHED 1la L0270 ELRoTND, T 1oy DOEFMNEDLNDS Z LIk - TH
BEFHEOREPFO ONTFER BT LN TES, ZhIzxL, C—0 A HEH
(Reo) 1£1.637 A L7201, 1a (1458 A) IZHANRVEL o2, ZHIZO0—0REENT
EHREEHLROTER C—0 BEDHKAMMMET L2 EBEX D ENTE 0, ZEHEAD
BILINTZ 4 DAF AL F T (4a) Tidda L 006 A LA Roo MEER L TV
TEEREETDL, SHICEERDIToc e DIBEMEATHD L BbILD, ZDAIE 1a—d
DB TS HIZHLNE RS, Table 1 2L LN K 91T, la—e TIEFMIKET C—0 #
B L C=C ZHMFBENRT ZHEA (Decco) MREWVTZD o0co & mee PERYDBKEL,
Teee D DETHIRA T ANEDE 0c0 ~DEME AL OIEBEMDPEE, TOREREFH
SFAZEENR Re o BERT D, TAUTK L, DeceoP/NEV, TR2DH0, &EMec DERY D
INEWD 1D TIEZEO LD R RITHFTE 220280, Roo DHEKEIT/NSW T LARD L
TW%, BLEXY, Reo DREV la—" TIEHFMLFITHS C—0 FEBREMNEZ V0790
ETFRINDD, C—O0 #EEHM 1 DBHE L72 open form (6a*, Fig. 1) Db DT x/L¥
—IIBEEAETD 12 L Y 6.1 kcal mol ' & <, 6b7, 6¢"DHFEAITT XV F—f/NENRHETF1
ZHAbY, 1cTOEEITWE L7z, ZDZ &E, la<'® C—O FEABIZN RS AN AR 2018
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TRV F AN (BIR), 2a™° 3a " DEEBEM & AL NIHHERENPUE FIC
LML TWD, bl, my Loco DERYDRTHNE, C—0 A LEICHERME AL MR
ST HMER (BERK), TOBEREIETTILTHAY, £, ZOHBAIVLBURE
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RBRREND Z L2 D, B Tl X 2 ITHHES FICB W Tdng, & oo MEIZER L
TWBEZOERYNEEAERVD, W FF LI IhNOEERELHETEON-REE
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Eleot, BRBIOBHEE, EEMIIIZEAEVZUANIREL W, XUBUBROMEER
BEEEIX Z DB RIZEAERNVEBZONDIDTHF AL T VNN DEMANTHHEEETE,
32" TIEAN VBV BROEERIZHEN 2 D0 C—0 AR (BRI FERET L7z LT
END, BBRMED 27, 3d"OBAIL, nootdm, £ TR F—NEN-HIEEMR & R BT
FEAERVEBUVREIZD D, NUPBUVBROEERIZE ST ny & O DERY ZRELT
HZEIITEDN, 2a%, 3aLITRRY 600 & neee DERVB/NIVY (Dececo B/NEWY)
TZOIZERA C=C ZHEFEG X bEORWVWIEERIIFER TE 2V, 5T, 2d7, 3d"OHEIC
% 2a", 32 TR C—O REEBRITR I VI W EFHETE, ZTHITEBOERBER 2] &
—EK LT3,

5. F£&o

BEBROZRMET RIS RODFA TP NERETHHESF L0 EN
Roo EEVWR G EZATHZENDFEEHELVHL N E R o7, ZHIEL, HOMO TH D1y o
MDA F AU K > THRROHLFEFMHEORENTHD LN/ L, next HOMO Th
BDrce MO DEZHIRA F M E e Lo o PEIDEMBLIAEY U OIERENRICLD EE
b, 5T, BFALTPHNTIHEO-0 FBENHRELIZS K25 LRI C—0
ENAR LT RD ETFRIND D, EEBRE CIIBRRMUSRE & 72 5 72 DRI E
IHR0, —F, 7Tz )VBBREODF AT OHNTIETEREO L OMREEIZ C—-0 HE
DRI ER TR, FORDITIFENC B UROR, & 7 2= /LBH# L C—0 A Doe, DE
RO DBRKRICRD LR B UVRPEEGET 22 EBLETH DL Z ENFE LY PRI,
Z LT, ZOEERREEE I/ S WD, BFA T AN DOENEFEMAIZR P EBOME
R L [AFEIZ C—O FEMNHAATE B2 0N, BERBELOBERIZEAL C-0 #EELH
HUTBENRETEMEL L TR LT,
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LY 7 —  Eilkyadt
RT3 X AT, MAEDERMEOERRE £ 2a—U X5 4 7 IR THT
LAY RADEN IR FEO—>Th 5D, LLARRG, Mk
TIRT A— X EFEONCRET DLEND D, 2T, A TILIAVA SES
WCBHEI T L 2 XAER L. SR RRT S 2 & TRTA—Z OREET
BT %2 L BRI,

1 [XC®IC

WA T L2 Y X AL, xR A DRI I T L) BT 7o iR 2 S
WHRADTAENZETEDRZETHLNTNS, LaLARRL, ERNZMEIZEW
ThE, BB T VT Y XA THERDTAHZ T —RICHETH Y, [
BORHEE LN LT NRT A =X DRENPVLEL D, KL TIX, BT /LY
ALEBEHATOMAEDLEMEE LTl Ty Iy 7BBEE LV HITS, 1y
W7 BT, BEOEMIIZH 0 0b LT, A HEOARE R L X 212
TEY, £, BREM LEOMO3HEZRTAL LT VR A RO, JAVA S7EIZ
Lo TBEEHT NI XLDT 07T AEERL, MNKEINDIRTFET =A—
va Nl Ko TRT,

2 0-1+v7H¥vIRE
0-1F 7%y /7MEIIRO LS ICERLI S -
N
maximize f(z) =Y fiz;
i=1

N
subject to  g(x) =) _gizi < b (1)

zi=0orl, 1=12--- N
T BB gt 20 BB, BIHOBIEL, bIZEEA R Th B,



3 BEM7ILIUXL

BA=RT V= U X A (Genetic Algorithm :GA) 1%, EWELOFEICEE 25
TNATYXLTHY, HEIEE, 78, REbko—FETHL, ZOTALIYX
LETAEMOEIGRREZ Y S 21— a T332 810k - T, B DAL DY
DOHD D Il 72 ff % BOTH T, 21— ¢ O BIREIKERRG & . Aot
WL TPRETMVZRHLESDOTH D, TNENOMARDOEERIG 1O R
HRERERRIZHIE S ®E T, ZOMARDLE T EOEBNEEEFHETS, £ LT,
TOEDE NS DOEZIR L, £ EFET L5 IRz bz - TITh Tk
B, BV EBBEEEE oM ERD Z LN TE B,

T, 0L 1 DEEFFOBIBE T DR IPAEREZ L ZORAEOEF Y 2EME S
Do ZHOOEMICK LT, RN, BAEER EROBIELIET,

3.1 XX
X (crossover) I&, —ODPDOYEKE AL THORBEEZELBIETH D,

1. Bflixx X (simple crossover)
B b Bl HIE TR, ZRXT DLEEZ DRSO TEDRIE BT, EHo00H8
DB TR Z TS DEEZDHETH D, THEBRAAN, 721382
X (one-point crossover) & FES, [X3.1 Tid, 4% H & 5FH OBz TEDMIZ
RXALEDR DY . HEBO5ER PSR E CORBTB, B LWEEOE =
TEmD, Flo, TOWR, MOF LWEEROBIS T L 72 5,

fE@{& A 1001|111 — 1001000
f#{&B 0011|000 — 0011111

<HE31> 1RXXXDH

2. AKX X (multipoint crossover)
BRI, RXNEPIEED 5 HETH D, BIZIERXLENR2 & 5785,
BTz 2B —DIXAR A DKL 2FR ETHEABOIFHNL5EH &
THEADERNOREE TICL T, BIZTFBELND, [FFHZ, TOW
DEABEDET, b5 — 2D EROBEFRIELND, (K3-2)

AREEBRTIL, TV F DIGRATE 20 OMEND T o F AI2 BRI HIZT
UHELNZERATE2HETTHIY A AN Z D2 AR B HEH L,



@& A 10101111 — 1011011
f&@{4&B 0011000 — 0001100

<E3.2> HBHAXIXDOH

3.2 ZEARALER

IRIRAL B, (mutation) (X, HREMKIZEWT, BRZRE (mutation) 1%, & Yetalk
WZBWT, HOMFET, Bl rO—#HB010561, HAHWIL1I1E0ICKEEXE 5
ECHD, RERERMEFIZRETDHET VA MMERLBEILL >R LichoTL
FON, HOREOERIIVNETHD, BRERNENEAIT, IHOBETOM
BEUNDZERMEZRK T HZ LIITES, #-o T, ROSNDMOEIZ HIBRANIH
TL %D, K33 TIE, XFHND 1y HiE T H MMORIR LRSS 5 1 SRRER S
ALz,

ZESERT 10010 |11 — ZE#4% 1001|100

<E3.3> ERLTEDH

3.3 =EIR

Y, RNERERI-BUST 2R o TR0 5 B BREE~D L 0 &Vt %
FFObDZBIRNY 2, AW TIE, =V — Nk (2 2 CI3gEM P CReb &V B AV
e %z €D EFERMRICET) 2V,

4 FrEHEE
JAVASEEZ M, 77 LR D50 E8D 0-1F > 7 o 7 8 A ER L .
BT AT LA Lz, EBRTIE2 OOMER 24K L. &Em T =

U R DI &2 TEORED il S 40 28k & i~ 72,
FERTHWIEBBHT LT Y XLDINTG A—R EFRIZRT,

flEl A% - 20



X IGHE + 2 RN
GRS RE  mut= ZEEEE < 100 (%)

e [ (@) o(@) <b
LRI {f(x)—/\(g(x)—b) o) > b
M~ LT B

BIRTTIE - = U — Mg

5 R

B 5.11%T7 v & BMAER LT 20O D5 R, FIRSERRnNEEX, &L
ILHIFI BB OIS HRIFRRE L H L0 & &, REfRITE COEEN 1 OB &)
RfREL D, L)L, BRI UV FLARRTITLTOERN 1 LD ERITITEA
FOThHY, MOMEBIZTEALEHEI N,

BI5.21FBREREL 0%, KHIIFHRRERELE5%E LT, HREMERZ2N
I T LT XA L, MOWEL TOSEiA2E L T\5, Z9RE
BENO0 % TIE, IXEINTITW D, FalfifhiE TIBEEL TRy, L
L, BREBRLELEZS5%ETDHE, RITE A CREMRMTE CREL TV,

5.4 134#9% b OME~EH LR THD, XFTAT o /A1 L LIz X,
R B kESI N TN 5D,

BI5.5 13T 4 A 1 &L, fIRFTFREOEFITDROE~EH U2k
RThbH, FATRHEMIB LN T RN LR b»D,

K5.6 13T s T E 1 0& L, fRFFEEDOIEFIZDRVEE~EH L
FERTH D, T E A EREEREE TREL TS,

ZDOEHIC, BT Y X ANIFBIZ L > TRT A — X 2N g 5 058
B0, ROFEBOAIGIINRT A —F ODWREERHIZTHZ ENb15,

6 LIV
AKWFFETlE, JAVASREZRHWEBEHM T LI Y XA8E2 01T v 7%y 7 &Iz

HWHAL, RERFTIL L, BTV Y AT RT A—Z QY 7R R E N EE
ThY, MOLESNTOLIRTOHMLIZENEZRSIZT D2 L BbhoT,
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