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1999 4F 11 A 22 H, &HERBEILTHREOARIIFIIBIC BEERO Y =y MEEH T33A
DEEE L, AB)IEZBE2HREHOBELER LU, B0 L HERFBEHO 80 Fit# 2
BEETIEVIEENEE . ZOFMHICL o TEHBEORLEE, HITENHK 30 bz b
B A Yy ZLIED, EEHOELOT L R—F ——BHEIET 57 Y, HRATEMR
REEE L. BEBRLIIZOXEERZIILY, BFEECERR Yy NV —27 72 Ex
Xy KU—7 OREEZTTAEREZLTWS., ZOFEELLLLNE XY, ThAbD
Xy NI EBEEEOLDILTHI L, FlxiEry MU — 7 2ERT DB OBIESR
/NI LY, —HOBIBOBBEIZ Lo TAEULIBENR LRI /NELL Lo ITxRy
N —7 OBEEZREI LIV T2Z81%, BADPEFL TN ETHREBRZETHY,
SHEFTLHD. Xy NV—7OEEMEREITH-DIKE, Xy T —27 OFREHR
FFOBRBIZBNT, Xy NV - OEEEZELGHMET 2 NEELRD. FlAE
Xy MU= #REHTEHE, Xy P2 FELLLFMTHI L2y, HeR2ERHD
TCRLHINLMEEEOE R Y NI 2RHT D ENFREL 2D, EHBRFEITIH
&b, BEOXY NU—7 D O 2 L0 EANICRTFIRENEZHBTE LN TE
5CTHAHS.

—RIZR Y NU— 7 #EE2RBT 5L XIS T 72HVWD Z RSV, FlxiEER
Xy VT —2 DA, EREY— RNV —F - F—h T A REOERBREEISIZ, ThOEHE
BT D — T VEERICHIS T2 2 HBE. Bicky hU—7 DEEEXHEICTS
BRI, Xy PU—2FFA L LTY T 7 OHEEACKICHEROBEEZ MM L Ic#RT F
THRAWVDLNDZENEN. ZDLERy NT—7 OEEEX, HES T 7HOREDH

1



2 F1E #m

REPEFICEEL TV OIRKICL > TEETHAERE L TFHET 22 X —RIUTHS.
Ry MU—7 OEEECET B, # <X 1952 442 J. von Neumann|87] 2MERE D
BWEFEAEARDETEHEEDE VAT LALZRITTELEVOEE LTEZ, 1956 4F
({ZIX E. F. Moore & C. E. Shannon[55] 2MEBEMEDKVVEREH Z 5 < MAEDETY
AT LEEOEEE LT A2 ENTEDZZEERTLEVIBEANLHBIL TS, ZOX
INCFRy NI — 7 EHEEICET AMEEIT A XV AT LB COBE L 7T 7 OREL
LTERLINTN, TOBECERINLT T 7EHRBETOLOOEERSHL L TER
BBFER 2 3, MEERICBIT 2 —2OHEELRMASHFLEHRL TV D

BRI T7EANTRy NI EHELFET 558, RRORRy NU—27E8
ELLT, RAEGEHE (LHRREEELLVY), 2HAMEHEE, MiMEEERL
BETOND. HAITHEST, ROBET SHRIIEWVIIMY TH LIRS T 7ITH L,
REBEHERNMRS T 7HFOLETORHAPEFICEEL CWARICL > TEBEINL TN S
ERL L TEHESH, ZOMEEZROIME IRy VU —7 2EOEEELEFHET 5 LT
LA CEANZBETHD. LEL—RIZEDEI Xy FY—JIZHLTH, £D
Xy MU= BROBROAFICK LEHEAGE CREEEELHE T2 Z LB
TWAHDT, KBMERRy MY —7 OREEHELEE HET 2 Z LIIHEEREROB
RN EEZLERFETHD. BRI T 7ICLDXy NI—TETVIREDORY VT —7 D%
LRDBFERLIEBD T U INRETATHDH, TORSEEHEZRD HMEIT—
BB TITOPRVWELWEETH Y, HIRHICHAT AMENH D LEZ LN TWS. ¥
7o Z DFROERIL, REZHAIN TWIEICEHELR XYy U — 27 OEEMEIZET 28
FOBBIERIZ D LV IBERT, BHAB~OEBHECEL T +RRMEESHS LS
z5.

MAEBHEEICEAL TCINE T2 RMARRINTWS. ENOEZEFIT L ERO L
2R B.

(a) MEEHELEERA—F — THET I

MEEBEENSEARHE THETRERS 7 707 7 XA &R T 0%
MEEEENRK (&) DRy NI —7 OBEZBRET DR
AEEREDO LR - TREZLSHARR TRD ST

(e) BERAPALT VY XA LV REREEOELEZFHE ST 25
BEEEELEZRBICANTLR Yy b —7REHIET 55
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(a) DHFFITH K MOLMERITON TS [8, 14, T1]. KT TIX 2 WHEES T 7 2FIH
L2 HEDERE SN (32, 73], PIAIIRKOMERENPLSTEHE LV A¥RE Y 7 723 LT
O(2°V™) FEfEl CRAEBHEELZRODDL LN TE B EBRRENTE.

(b) DR TIE, HBOI/F7E2EHI T 7ICREL TS, REEEECEELFHE S
HHERRIIHAP B2 TH D Z LD D. Vertigan[86] IZ L D imI Tz, ZORKERIZ X W AFFEX &
REHEZ T 7ICREEN, FOMBRICBWTHSEREE CRAGEELHE XSS
TDY T AETRT DHENEATH S [29, 63, 64].

(c) PRFFETIX, EisHn, BEm, ETOMEBFEIUHER] —p THET IRy T —
JD5L, 0<p<1DEED p I LARGEHENSEKR (EE3&/D) L2 xy FU—
7 DS EBR T 2N L < ThhTW3 [9, 10, 60].

(d) OFFFRIZOWTIE, FIEEESZHERICE SIS FikE, =y P - Ro X 70RA
LB FEO2BYDOT Fa—FRrEhTH5. BiEOHEDI LEVEMLEEDIT
WBHDIE M. O. Ball & J. S. Provan {2 L 2 5T, ZOFHEIZX 2EREX Ball-Provan
DIFEFE L TS [6]. Ball-Provan OBEFREIL, 2 TOREME—OWER CTHEST I X v
FNY—27 BT REREECERMETHY, FEOXRy NUV—JMBOERS, 777
EH, MOBEEFHEOFERELZEARLEDLZLIZLY, FICHEEL LT 2N %K
Z<fTbh T3 (11, 12, 13]. RAEEEICELTE 2T, EEELENICE S FER
FOERMEDENR Ty Y - RyX U JOFARL2BERMEL VBESRVEMRH S Z &
DEBRPICHERIN TS [18,19]. FIOMESF CHONIERMMEE, %15 ()
X (f) OMBEZHF T, 7Y S OGEECHER ZRE L CETRMEZ /NS T5720
RIS TW3.

(e) TIX, BT INBELREEZRWTREEHEEDOHEM %L H 5 RZEFRAIZIRND 50
EHRREINTEY [3,38), avta—F MR EICHEVIEEBAICITORLTNS.

() 2oL, REBEELZ —EMUEL T2 Z 2650564 LTEAZR/MET
Xy bU— V7 REREDN, SHBEERCAS cba—URT 4y 7 AEFIHA L TELSH
RPILENTWD [21, 35]. FREZAE < @R CRAEEEHEDMEEET 2D T—RICEL D
SHEBREZMNEL T, 2 Ea—2OMER ECENZOSBFORELITOND LD
IZhp o T& T,

EFED EDRZEFICBNTS, BT NVOBEMILE T OESDT-O, (RABET S
BERIXY FUV—7HOETORICONTEHELY] EWHIREEZLTNDHZ LAZN. L
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D LBREMBICBWTIE, SEEEPERRIEEZETI IRy NV — 7 OEEELFE L -
D, BEELEZONAIBICH L TOMEEMEE LT T, PRWVaX MY Ry FU—7
2EROEHEEZR LIV T2 —RAABEHFETD. 20D, X —BRHORET
NTHAIEEHERORLIBEEETDIFRy N7 OEREEICEA L TR EE5 Z Liddk
HICEETHID, MERENIESTORKIIONVTE LWES LT3 LEMPRETH
579, ¥EHEVHRAINTVRVOBREKRTHS.

AR TIIET, MERRORRIZEELR Y NV —J OREEEEDOTREZEK
R CEHT 28 OO FEEZRET S (LREHRESFOFESTEXIE (d) IKEST5) .
MBERDR Y bI—I DEEENRDP R ELEZOEULETHDII L2 RETIEVIE
KT, ERCCHEMEIZHLESR, GEHEOTHRIIREME CTHKLELEIND I ENEV. FO7-
D, BEORVWRAEEEO TR EMANAZFKETRDDZ LIIFEIZARTHS. KIZ
BERBEELEZBERBICAN Ry N — 7 REMBEORBREBRFT O HFELRETD (E
B (E)IC3MT D). ZOFERIRROFELITRRY, MERENLERIEZELR Y b
U— 7RI L ERATETH D.

AMRIIINETIZEHEVITONL TV RV OBBERENRLDI Ry FY—7 DEHE
ORI T 2H =B REE T, SO ZONBFOREICEIT 5 —o>DFMELEIC 2
HZERBEMELTWD. AIEOKREICLY, Xy NI —I7 DEEELXFMLEZY, &
HEZZREL TRy N7 OEEZRE LY T8, HOSERENRELRSZ Ry b
T—J&XMRETHILEDFARERY, XYy M-I ETAELVBEEORY NY—F T
HENWLDOETBHZLNAREL RS,

A X OERIILL T DBY ThH 5.

FB2ETH, XRXEEBRATIDICHLERY T 7EROMS L, METREICET
LEABEEHATD.

EIETIE, RABEELZOTRICETAIMSEZHATS. ETHABILTHEI X~ b
D—JETNEREL, TORLEHICOVWTERTD. KIKAEEELZRD ZREDOH#P
HEtE, $obbxry NV —IBEFTIEOREII LLEARE CTRAEEEZRD S
TEPBERINTNDZ LIZOWVWTHRRS., BRICRAEEEDO TR 2 LEARME &
ByA2FERMEFECTHIEHEELERICLIFEL Y - Ro XU THEERNT5.

FAETIE, BERENERIKERETLIRXAY NU—2Zx L, BAKIZLBZZ YD -
RyXrTEHBRL, REEEEOTRERDEZT LI XAEERETSH. BONDTH
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DREEL2 EIF310120%, =v Y - RyFx L JOBERE, ThbbEHERBREBRARDAE
T L L, BARKRKBBOBREEHEHELAEIT2ZLEVIAWVICHK T 2HIENE
ETHZELEERL, TRNEFNOEKIIESN Ty Y - RoX v V2 BRTE2—V X
TAv I «TNIAY XLERETSH. TNEhOTNLTY X LAOHREZEROIRL, &
T NTY ZLREHTIREEEEO TRLEEERICL Y KT 5. -REEEE
ZEHETABRICAV DN A EEERE, BIFSHR, WIHERE WD 3207 T VT EBRERSE
LT N XL ABEDED L, EHT I TROBENS ENZEMNH D Z & 2 HH
FERIZEVTT. FEEOUERRAETELVWRY hU—7 2HRICLEERES, =y -
NyFXF o ZECED TRIMEEEZEARESCHFEZIZTREIVBERENLEbh
TVEN, VRELET oD - RyX U RIS 5 7 EREBRAE DY FEMEEELE
NICESKHELVBEORWTRAEH TE 52 L 2 HERRICL W RT.

FBOETHEAETRE Loy Y - Ry XU JHRICBWT, =y V- R FDHE
REBRKAPOBRAREEL 7 TATHIEINSN T 77 ~LHRL, FABLEAK v
TRy F T EEETD 20D a— YV RT 4y 7 s TAIAY XABRETSH., H4E
TRELETNAVITY AAZED TREBEERICL YR LT, BEXFIS T 7 ~DILEH
TROBEZ LTI LIEKESERLTND Z L 2RT

FOEETIE, M. 0. Ballic X VIRESNAZS T 7V EBRER O THE L R DRy FU—Z
ERMAy NU—ZIZEHBL, TOHEMAFy U —7 OEEEOT R+ SEARM CHE
THIEILLY, TOXRy FT—J KT I2REEEEOTRESERER CHETZH
HBZOWTHERS., FRARY NIV— OEEECOTREHETHIT VIV XALLLT, 7
YA IV I TS T76BRETDHT—7 - RXoX L 72FATHITNTY XL RETS.
BEERICE > TESETIRRELETAIY XA UBTEZLICLY, AETERLE
TNAY XLBRREREOREELROTRZEHTEHZ L ERT.

FBTETE, BREBEEHELZZEL-Xy bV — REHEOREREBRRET 2T
ALERET D, ZORMEORBIISEREP R 22 Eexy NI — s 205352
ETHD. BETHTNAY ALEIHEREELZEEE L, REAGEEDOER, R.-H. Jan
PEDT N TY XL TR SR L2 BAIAT 2 LTk > TETRMOEREZR > Tw
5. ZOTNAY XKL T, LVBENRR Y U — 7 RERIEIC T 2 BRI
5D ERNTEE.

FEECTHAMAERIEL, TNETORREELDD L LB, BSNRELS%
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EHEEREEERE

=

5578

KETIE, ¥#HL L TARLEZEETIEDICHERYSTS 78 (graph theory) DO
SEFHAL, 77 7HRICEETIHEBESRLEOEREZIT) (28, 33, 34]. MV THEEE
iR (combinatorial optimization problem), XU EDBEEMHRL LTTAAY X LD
HEE, HEBREEICOWTHEHAT S (2, 30, 31].

2.1 TS I7BBICBITSIRESE

2.1.1 EMI S ITIZHITHERES

45 7 (graph) X, W< 2 DHEIA (vertex, node) & 2 Him & Hai 4 24X (edge) IT &L -
CHREND. 757 G, TOHAES VERES BIKE-TG = (V,E) LR&h,
HEOBEERE V|, BOKKE |E| LY. BWHE LT, n=|V], m=|B| &35 &
£\, BRI AHFRTT 7 ERMT B E XL, 7T 7 %KAM 5 T (undirected graph) &
e,

Himu bRy (hveV) LEERTIHeec Ex e = (u,v) LY. 2KDfK e, f73
FHIZFRIC 2FiRmEmmET oL, Thbbe=(uyv), f=(uv) ThdEE, e fi
4T (parallel edges) &\ 9. E-WEMABRE—OHATHIE, Thbbe=(v,v) &
KIN58 % BEMRE (self-loop) LW ). K 2.UIBWT, K7 &H 8 IXFATH, B 4iXH
CEKTH 5.

777 G=V,E)IZBNT, Hifve VERBALTI2ECHEN i &, R viinm

7



8 ®H2E VI U7EHREMSYRELEE

E 2.1 7570

ET2BCHARTROVED JAFET DL L&, HiR vDRE (degree) §(v) &
§(v) = 2% +j (2.1)

EEETD. K2.1TBWT, §a) =3, 6(b)=5Thd. BIcrI77 G=(V,E) DK%
min S(v) £ 5. IREM 0 DREPUILA (isolated vertex) L5, K 2.UTBWT, Himc
BN RTHD. BmcHFELRPoIEEE, 21077 70OKRKIE3 L. T
HLHOHEBLEFZRWS T 72 B#iJ S T (simple graph) £ \W). £ n@OHIEEEFT
DEMT T T G = (V,E)\BNWT, FED 2EHSME2ERTIHE/FETIHE, G %5
2745 7 (complete graph) &\, K, TET. K,OA#IL ,,C,THB.

757 G=(V,E)IZENT, LTOEKEZmMmET D L OITHR EREREIZE ~TZRF]

(i), €i(1)y Vi(2)s €if2)y-- -5 €ift)s Vi(i+1)) (2.2)
=72 L Vi(5) eV (] - 1, ce ,l + 1), €i(5) = ('U'i(j)a Ui(j+1)) el (_7 = 1, ceey l) (23)

RS 1D/RR (path) &V W, iR vq) IR (start vertex), Fim v;1) Z# R (end vertex)
LWy, FREEUERE 2EUEES VIR EEHIZ (simple) /SR & W ). MR E KA
EDR—TH B2 EY AL I (cycle) LW\, FIUHAZ 2 EL EEORWBEMARY A7
NV (R UHBR AR RBLTAbYET1RET D) ZEAK (circuit) &S, X 2.1
ZBWT, (a,1,b,5,d,2,0) XA TH 5.

777 G=(V,E) LD 2fiG u,ve VIZRL, SR utthm, BiRvE&aLda .
ABRFET D EE, HiA uiXEHA v~FIETTRE (reachable) THH &V 5. EM T T 7D
A, HRuD bR v~ BIZEREROE, SR v oHimu ~bEEFETHHDT, i
Hou LEHESVBIRBETREE LN, 797 G = (V,E) LOEED 2 & AR BSBERTHE



21 FSUBBRICBIIIEERE 9

ThdLx, /57 GidEs (connected) THDHEWH. ERETHHI 772 ERKI ST
(connected graph) &\, BHETRWS T 7 2 IEE#ES 5 T (unconnected graph) &V 9.
K 2.1V, Him ci2fho iRl bRFEAMETIIRVOT, K21TREINDT T
TIIEERE S T 7 Th D, RICHIR c BEFEE LT, M21TREND T T 7 iddiE s
FT7THD.

B 22 by hof

HEEASVE2ODESEA XX =V - XITHIT= L &, HES
{(u,v) € E |lue X, ve X} (2.4)

ZH v bk (cutset) LIRS, C(X,X) TET. Iy MNCBTAHHOARK Iy boOoXRES L
FEIE, |C| TREND. |C| BR/NERD Iy FERPMA Y b (minimum cut) &V, &
Ny PR E S EBEEE (edge-connectivity) E V9. K 2.2I28WT X = {a,b} & T
5, C(X,X)=1{2,3} L7en. K2207 77128 F585 My MIX ={a,bc} &L
TrlEDOH Y bT (EX X ={d,e, f, g}, C(X,X)={4} THD. ->TH22077
T OBGEREIZ1 TH 5.

757 G=(V,E)IZB\WT, HIREEV' CV, &KES E C EW

(u,v) EE' = ueV' hroveV (2.5)

EHRTBHEE, I G =(V,E)%ET 57 GO®HY 57 (subgraph) &\ 5. #iZ
757 G=(V,E) PEKBISIT7ThHHEE, V =VRIEFHSY T 72288773
7 (spanning subgraph) & 9. OXE &P IRWEERST 7 T 7 Z KK (spanning
tree) &5, BAREHS T T 7 L LTHRiZ2WT T 7% K (tree) &V 585, AKX G D
BRTT770D55, BOFENELEVARLERETDIZILLTEDS. 757G=(V,E)D
BRADBETIROREL|V|-1ARICRD. H2307 57 Gy,...,Gld0Tnb 777 G
DEBT 77 ThHD. FDHIBLTTT7 GiERS DT 7 71388777 7T, Gs,Ga,Gs
ISBARARTH .
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A4 44

& 2.3 #5377 70

777 G=(V,E)D»bie= (u,v) € EXZ DM u, vEERLZEEMVEDLZ &
Z1% e OHIER (deletion) & 5. 757 G = (V,E) b e ZEIBRLIZT T 7% G —e,
757 G =(V,E) ottt BEVCBTARAHEIRLES 7% G- B ERETH LI
5. $Rbb,

G—e = (V,E—{e}) (2.6)
G-FE = (VE-E) (2.7)

Thd. FG@=V,E)2GOEEBHAD7T77¢35L, BRRLRWERY, 777
GOoRER BB T A 2R LET T 7%

G-G=(V,E-—E) (2.8)

ERETHZLICTH FEHRICETIHIBREIELARY) . #7537 G=(V,E)IZ 28R
uw,v€EVERBRLET DK e = (u,v)  EXBMLTZT 7 7% GUe LT

757 G=(V,E) bt e=(u,v) € EOMMERE 1 DOHRIZE LD, otke %
HIBR 95 Z & %, $ e OHH (contraction) 9. 777 G = (V,E) Ik LB e c ExH
WLl 77% G e &ET.

LY

G G-e Gre
E 2.4 HOHIFR &N

25DS 5T Gy = (Vi ) & Gy = (Vi B) B, Vil = [Val, |Br] = | Ba] C, V4 & Vit
BEIVE & BRICENENEY 2 15 1EAFEL T, TOMGEDS & THE OB
BRPE L Db L&, Gy & Gy L IXRA (isomorphic) THB VS, K 2.50 G & Gai
R TH5.
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E 2.5 R L FRHEDOH

797 G=V,E)dD 1 XD e = (u,v) &2 2DF LK e; = (u,w), e2 = (w,v)
(wiIFH L BMENHR) CTEBRT IBELRKe DEFIGHLEFSZLIZTD. 52D
DT 7 Gy, GoDWFTND—FHb LIIEF DT Z 71T/ L, BT DEITESISRETED
BT LIZEoT G E Gy BRERIZR DR, G L Gylid EVWNZEHE (homeomorphic)
THD LV, H250D Gie Gy (MR G Geb) IFRBTHD. HRE4L DL T
7 KRR 77758577 LTRERWS 7 7 % B HJ 5 T (series-parallel
graph) &\ 9.

75 7 OERRIINZ AT T — T MVEMM LIS D2 —RIZR Y FT—72 (network)
EFESN, BRI EZNOL ST T EREZ L BEV. 7T THNOHRRBEIFET DD
TiE72<, HIMETHELRLRD ST 7T —RICERIOBUCE OFERR LN LIz
Xy PU—7 CREIND. ZOFy NU—7 #FEFES S D (probabilistic graph) & FE5.

2.1.2 HRYSIIZHITHEBES

BICH A Z R b0 ERBT 57207 —2 (arc) L FES. HHRERV ET—
JEEANLRD VT 7 DEERY S F (directed graph) &\, D = (V,A) LT, X
ROOEMMT T 7 THDHZEVRALNTHIGE, AR 7 72BIZITT7 LRSI LED
2\, Himue VEBA, BRveVERRLTDET—Zac AL, a=(y,v) &SN
5. BRI T 7ICBTBNRRALRERE, BRI T 7ICBT L NZABUTOLICERINS.

(Vi1), Gi1)s Vi2)s Gi(2)s - - - > QiQt)y Vi(l+1)) (2.9)

L vyg eV (=1,...,1+1), agy = (vig),vig+)) €EAG=1,...,1) (2.10)
NRAZETHMOMABBLEN T 7DLETLERICERTE DD, AMT 7 7DBRE, 4
BEREPRI—THDIEMRNREH A I (cycle) £ D Z LHREBV. H2.60FMT 5
7 DUIBWT, (b,3,¢,5,d,4,b) IZVA I NVTHD. YA INERGT T 7L LTHRRZR



12 %28 77 U7HGHLESYEBEME

a 2 c a 2 c
b d b d
D, D,

X 2.6 BT 7 7 0H

WEMZ 77 %FHA49 YUy 957 (acyclic graph) &9, K 26D Dyd7H A7V v
2T T7CThb.

B 777 D= V,A) IKEWT, HdHims e VHrLMDERDHA~FEFETH S
LE, Hims %757 DO (root) V5. RI2TOFERTTZ 7 DIZBWT, Him siIBT
5. BEFL, T—I7OFMELZEE L L XKD HRZ T 7 2BRAK (directed
tree) EVN5. AMIT77 D= (V,A) DB T 77T, T—7 DEERELZVERAL
HMEBEKXK (arborescence) V5. HRIZ T 7 2R E LTWD Z EBHEREGAIX H
MR, AHEBRKKEZZNENEIZAR, BAKENRES., K2.728WT, Dy, Dy, DsidV i
bEMT T 7 DOBZT 77 THHH, DiIRBERARTIIRLS, DIddFRBRATSHS.

[ZRRIRR

B 2.7 W57 77 - BRAK - BRBKRKOH

2.1.3 =wkA4aqFK
E*HBESLTD. EOWHEESIKT C 2PRLL T

pel (2.11)
YCXCE Xel=YeZ (2.12)
X, YeI, | X|<|Y|=eY -X;, XU{z}eT (2.13)

EWEFHLE, M= (ET) % ELDT FOA K (matoroid) &1 5. ~ FoA KM =
(B, 1) \ZBWT, TOEH % MMIESE (independent set), MAIIMTES %2 (base), ML
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HEEH TRV EORSES #HBES (dependent set), F/NRIEBES %Y —F v b (circuit)
LW ). EOWMSEA FIZx L, FORMPESR CTHRARMSIESDEREE FORBY (rank)
LWV, FERIUEEEFED FAEULBARESEZ FORX/IN (span) LW 5.

v haA FOBIELT, 797 G=(V,E) DEBKEE TRV EOSREEO2EE T
LihiE, M= (E,I)i¥~vbaAf Kthksd., Zokdkvbaf FE2JT5T7M7 a4
K (graphic matroid) &\ 5. ®fES 57 G = (V,E) D7 T 78y~ b A NZRBITHMAL
#£5013 G OK, FEiXG OBKK, EBESIXGOYA 7N, —Fy MIG OFBIZR
5. 28277 7y~ huaA RofFlZ R LTz,

N
3

e
- LWL IA
—1 A
EU%%F
ﬁi&éﬁﬁ ______________________
cars | -

 NIN

N,
NI

. NN

TH< b A ROF

M =(E,L),... . Mi=(E, ;) 8RES FLEO kO~ oA FE45. DL X
BEAE ECBT38% kD~ bua A R~ 58+ AR0&E, 2%V

k
Vie{l,...,k}; Es€I, 2L E=JE (2.14)
=1

ERBEDITE, ...  ExZEDDIHEEZI FAAM FHEIBRE (matroid partition problem)
L.
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2.2 HEERBELEEETDEMS

2.2.1 MAtHEERE
— %I BB 1L FBIRE (optimization problem) IZLA T D & S I2F T 5.

HRBE f(z) — &/ (&KR)
HHEHE e S 7L SCcX

(2.15)

T CER o iXEBE L R DR XNDRT ML, SidF OGS EA CRITAIRESEEL (feasible
region) & FEIEN 5. [HRE (2.15) IZEE S v o BRI S 7= HEIEH (constraint) %
72 3 RITAI BEAR (feasible solution) z € SO 5 H, BHIBM (objective function) f(z) % &
N (FZK) 12T 5 5EM# (optimum solution) # RDF 2 Z EBBEMTHS. ZIZT f(z) i
SEELEYBES ECERINERE, bAVIIEREL L 2BHTHD. £ »
BERRYRMER & D L &, RO (2.15) ISRERAISOBEMLREIEE & b FRITh, RRICZERM X DSA TRIE
DEROMAEDLEIOHEK I 556 ITHEEREILME (combinatorial optimization
problem) & FETLS.

RIBE{LREIRE (2.15) < W5 Z Lix, ZOETARMOT TR Y/ IV BRIEEE
ZREOLDERDITHT L, TbH

Ve € S; f(z*) < f(x) (2.16)

BT ETIREME 2 € SERHDITDZLEZENRTS. LM LHAEORE BV T,
ETOETRHEMOT NS BHBERENR/NE 252 RoT 5 Z ERFERHEEELL
HEgELRBEAEbH D, TD LD RMEICH LTI,

Ve e SNU(z"); f(z*) < f(z) (2.17)

AT X O BRETREME s € SEEDRFEU(z) BEET D L &, o %RE (2.15) DfgL
LTEATAZ DD, K (2.16) 7= T 2 2 HRE (2.15) D KISMRE R (global optimal
solution; BAEMR L bV D), K (2.17) 27T o % B RERE (local optimal solution) &
W, KISHREEEZRDZTNIY XL EBET I T XL (exact algorithm; #k# %
EHN ) L. I KISHREMREZ RO DREL RV, —RIBVWRTH DI
{12 (approximate solution) #&EH 3 257 /LT Y X A% T ILT 1) X L (approximate
algorithm) &V 5. ERIT7 /L 2 Y X LMIIKRIBHIEIER Z R0 DIRFEB RV, ERABR
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BOCEHERM GRS A EN T2 2 NEREND. ERT VIV X LD 5L, HEOHE
EILESWTHERRTIFEEZEA—URT 1YY - 7ILT ) XL (heuristic algorithm;
Ea—URT 4y 2, ERHFELLVD) LS. FRT 9T T, BOZLIFEXT
EDOHTHRLEBVWLOERIRT A a— U RT 47 - TAAY XLEEHE (greedy
algorithm) &\ 5.

2.2.2 FZILIYXLOHEE L NP HEH

—fRIZOOME L MES & &, Z OREILERME OREZEH (problem instance) D-&& % 5
L, EBRICEICIERENFET /37 A—4 2 BEMICERE L T 1 >OER 2 ED 5 &%
BERHD. o TEORBEEM T LAY LT, b2 TORBERICH LELWE X
EHATD2HOTRITIRRLARW.

TATY ZLOFETE, ME, RE, KBRLEOEART v GRS HILENTED
0B, THHEART v 7 OETEE % BEME (time complexity) & 5. E72FHEORPHE
RERFFT 2720 OREEROIL X % 8 E (space complexity; iEfEE & bV 9), W& %
F L O TEEE (complexity) & FES. 7N T Y X ADOFHEEIIE 4 ORERIZ X > TEL
T50OT, 2ENRFMEZ T 2 IIEREFORBIS CTHEEN ED X I ITELT IO
D, TOREBEEERDDIZ VXU THS. MERAOBRIIENEANT D TZOITHLER
Fes RS NTIHEL, &% O(f(N) OFX%E L 5. O(f(N)) iHt—4&— f(N) L3
%, T(N) = O(f(N)) &1, HBERSK c b NoWEFELT, Noll EOIERED NICH LI

T(N) < cf(N) (2.18)

BT DHILEERTD.
EZATHAREEZTMET 5 L &, B OWN) Z2FOMEF I —RIZEEHFET LD,
B O(N) OREH2EDOFME LTUTO 2BEDOHFER IS AL,

BREFHEE (worst case complexity):
B O(N) OBl O TRERXEWVEEER
FE¥EEE (average complexity):
B O(N) ORIEHNICH L, THLENOARERICE S TROZHERDTEY

ATE AT DS LBIA B TH B, T < D0 B R EF O 7= 12 & TEBH 22 5-
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WRBERERSD. —FREBIERBUICRLVEETHL LEZONDA, TOEHHN
BHTROVBEVEZ. ZOO—RITITIMEELRND L BE.

MBEOEME X 2E X D56, MNROMEZ RERMTE (decision problem) & LTH S Z &
MEV. RERIREIL, Ex OFREFICR Ld 2HEE BRI D FAT IRV TFIET D208 5
D&YW L, Yes H>No DOREIZELZERTIMETHS. mELEEILEBEEMEICE L T
HOIREEZEATEZ LT, THHBERMERZ ORELAT & 72 2 EITRIREMENBFEIET 5022
EWHREMEITIFRET DI ENFRETHD. HHREMELMHSHESELY, REIENS
EH A — 4 — (polynomial order) THINENTHE T2 Z &1V, ZEAA—F—¢
%, BIEREERAVTOW:) EETHLEVWIERTHS. HEENZERAA—F—Th
HTNAY X hEEEX (BFHE) 7L TY) X L (polynomial time algorithm) &5 . iz
ZEAA— X —FFE CIIBT VWSO VELWETH DL Z L2 RTIE, FoL587
NIY ZLERAOCTOARTMETH DI LERENRIRLT, BHTERY. ZOBMICHE
ZhisHian NP 1€ (NP-hardness) TH 5.

HOHMATHE Q 2 ZHEAT NI XLARFETHIRLIE, MEQ IXVFR
P (polynomially solvable DB&) IZBT D L. LUK L, EVINIMIIR 2 Ea—F R
ERMEFE L CRRICHFILEN TED LREL T, HROLELRRHIETTDILEND
WEE 1 DDRT v FeEZILE, HHMETREQ 2 LEAT VT Y XLBTFFTE
T 5% 5IEHE Q X9 5 X NP(non-deterministic polynomial D) IZBTH &5, B
ONZT TAPIEZ FANP OEHESTHLHD, ERDERTHHINE ) ORI
EN TR,

WEMBE A L BeEz, ADEEOKMBER PHREERNRHETRET T HLBIZE->TB
DHHER Q ITEHBTE, HIZ

(PDFED Yes) > (Q DFED Yes) (2.19)

DALY D & &, FIRE A XRIRE BIZHRETTRE (reducible) &5 (BB ICIIZEARITIF
# W HE (polynomially reducible)) . 2% ¥ BRI HE R LEARF 4 BRI, FEB
TRE ALV LVWRETHD LERS.

7 F7ANPIZBTHEBEOREAZHL—DOMBEBICREFRETHD L&, HEB
X NP B## (NP-hard) THH L &\ 5. HIZ NP REERRE BEENR 7 FANPIZBT 5
L&, B QX NP 52 (NP-complete) £V 5. R BREZERA—F —THRITIE, 7
TFANP BT L2 TOMENLEAA —F —CRTHZ Lic/kd. - T NP R



2.2 MEvEE{LBIEL ZOEMES 17

B, ZERMHEORR CTEHERA—F—RHOT N TY ALEZFOT LHEEHEINT
W5,

NP H#E#MH IR EREOHS BB 2R TH 24, #A EIFMIEE (counting problem)
DG EIZBT 2 #P EHMY (#P-hardness) TH 5 ("#P”13X” Number P” & Fide.
TOHP BERICIIERIIARL, THFEAVWD Z LICL o TUNP OS2 BRI
BELLZ EEZRBRLTND) . Fx BIFHEEE, Ex oI\ THDMESRILY
B ETAREMOE 2 HEx LT 2METH L. HHBELZRERME»OHZ EITREICEX
52T, DS5AHP, #P B (#P-hard), #P T2 (#P-complete) % [FIFkICEERT S
TENTED. —RICHP BEEZ2MEL, NP RELHEL VB OBELVWEETHS.

NP HEEMEOHP W7 EOHBEOBMEMIZE L CQIX [27] 2538 L <, BEETICAHSL
NTVWBEELDONPZLMEDPY XA FEEATND. 0O [39, 40] i2 % NP EEREN
YA RT v 3N TN5.

2.2.3 SHHREE

4#%PR5E% (branch-and-bound method) X, F& LT NP EE&MEICREEND LS
RELWEBEICERSNAFED 1 2THD. BEANRTAT T, BEEME Z LHEE
2R E W OO ERS RIRE (partial problems) IZHfEL, £DETEMEL 2 & TEMATIZ
TOMEEZES EWVWIHOTHD. ZORRITERINZHHBEC b ER S, FREE
IFZB ORI S ENTHL. LM LARRRETONEEIT O LFIZEEI
o TLEIDT, TNEETLLDERIMBIZHLIEOT X M EMA, ORI
REDORBRPRESTY, FIRMEOREMREEX RV EPHALIEY D E, £O
#5453 RRE % #83 (terminate) &€ 5. EHHIE~D MR % 2 8:#2F (branching operation),
B TEDOT A M & 205 % BRE R (bounding operation) & VY5,

BlELTUTDO0-1Fy Yy 7Bz EZS.

E B"JEQ& 2;21 C;Tj — %jt
Po:| #ilf0&MHE T az; <b (2.20)
z;€{0,1}, j=1,2,...,n

722 AR K ), a;, bITRTEER THS. 2O n EHMELELLEH 12 0 L 1ICHE
ET DI LITE>T (ZOEHE PREH (branching variable) £vV5) , 2D n—-1%



18 28 /o7 U7HRLMETRE{CRE

BB HMET D, AREND 2HOHSEELRRY 0-1 Ty 7y 7RETH- T,

H H"JE@& Zj#.k Cix; — %j(
z; €{0,1}, j#k

BEBEE X, cz; —» &K
Py | #I00%&HF Yimair; <b—ay (2.22)
z; €{0,1}, j £k
L. PE RBROBMAEBRBTIE FNEhORBEHED I bREVELZFOHTMIERBE P,
DR EMEE 52, PRIz el s.
L OSBERMEE AR SN MBICOEA LFRERRY L ED D L, K290 X
5 7248 E (branching diagram; 8K E LV 5) 2% 5. K 290K TAEOH RITLE
BREEINZHABEEERL, ZAOIXEANICEIND. ZOHGBEMERTIZLEE
BNCFIZIEIL 2 20T, EBHHEO—R DA 2 ERICAESTLILIICTIRTHZ L0
VELERDN, UTOMEIZIZOBMOEHDIZENTHS.

(1) 2P HE PBORZEREIMT OO FETRENR, BEREICSET D
B XA

(2) HDEHEE P, BLOENILAERSND L HIRENRRNE Py OBz
EHEZBWZIENRMEPOBHATHERTENT, PE2FRICSETIHIHLEIX
AN

UEEREBEL VY, (1), ) onFhiclEY 4L PBidgmahsd. BEORRE
BRI, ERECEIZ2LDOLEEBRRICIDbOPRENTHS.

I TCHERICBITAHEEERETD. K29TE D RICHY T 2K EANBORHREZIR
(root) £V 5. BIOOLHHEH R vE TOEMENRADEINITHD L E, HiRvDOLAL
(level) i, EIZFER LV UNET DLV ). ROLVIE0 THD. 29108
72 P RBICHBYTA2HROLNAE1L THD. ERRETAMBICAE T 2 HR % E (leaf)
L.

LAV IDEIR u & LrL L+ 1 DER o TER SN TWD & &, Fim uldfimod
# (parent), Ei& vidEiAE u OF (child) LV 5. BHOLE R v~DEM AR/ BIZFET
HuE D LV ORWELEEZE R oD% (ancestor), BOHDNRRT, HiRvE/NREIZ
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FFl- i i3 Ze eV EMie 20K R L2V BB R EH R vDOFH (descendant) &
7. BlxiX, BERSETOERIIROTHRTHS.

2.9 X
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REEEELEOTRH

AETITETERITEI Ry NU—TET VL Ry FT—V EHE (network reliability)
FEREL, BALELET NV EEEEORARICONWTEETS. BV TARITHRALE
Fy P —=7ERETHOREBREEORRFEIC O VTN, Z£O#P B2 ONT

WD, BBICBEFOBREEBEEDOTREZRD DFEEZVLS DB T 5.

3.1 ETIDORTELLRESEBEE

BRE n OHREESV = {v, -, v}, BEHE m OES F = {e1, -, en} *D
ROBMER ST 7 2EZXD. 77 7POEBITIIERICEEL THWHIRE (ERKE
: operative state) &#FEL CTWAIREE (HFRIREE: failed state) D 2 DDREIRHDH. &K
e € ENEEFRRETHLIMEES ple) L L, FEOBREFRBIIAEVIIMLLETS. 22T
p: E—10,1] TH5. ple) 2t e DIRIEFEMESE (edge-operative probability), &5V MIHE
(ZHXHEE (edge probability) LFES. FRHIRIIEICEE THLLIRETSH. ZDL 5 R
RIT 7% G=(V,E,p), HDHVIIBIZG = (V,E) ¢RT. BRI T 7 G POETOE
RBEFERBUC L - TERICRD L E, GTRESNDI XY FV—VRBEETHL LT D.
ZNEIHERT T 7 GPEEERKNPOIRDBRAEZFH O L LFETHD. ZDLE, Xy
N —2 BIEETH IR BEEEE (all-terminal reliability : £8iSEFHE L VD)
DY, Rel(G) TR [17].

—MRICVAT LADEEELER L TOZYMLTET 2 7-DI1I21E, UTD3S>DHEAE%
ZRTILERD D [19].

21
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FIE REEHELEZDOTR

(1) YRT LI ED LS EEEZ L TWDHDN?

AL TIERy N — 7 #BECTRETRERV AT LE2RNBLETEH. KEARFRER
Bl LTiX, nf@D S B0 &b EEANERETHNIE, -TEDOLENTZD LIy
27 A (k-out-of-n AT L) BdH BN, Ak jCTli%@J:Dfi/X?Aliﬁ’zbfib\

(2) FOLIRREEZL ST, VATARERTHDIETHON?

EFEBREIZE > TRy NI HOLTORHAPEZTHIREL S XT AN
BHTHDHLETDH. AN—7y NOLEREZ EONBERRICET BELZ L0 HITFT
VAT AOEEMEZIFMET S EHEVR, MEMICRy N7 BRERISN TS
DENE WD EEHIZET AL, HENNISTHRI-HEEDEEOKRE S
AEZDLFFCEETHLY, FKRXTIHERSICERERKDZ LITT 5.

Fy FU—7 OEFBHEICEL T, Ry N7 PORED 2 iSSP IERE R
FoTEETHDZ LR, FED KEAPEFRRC L TEETHDZLE VAT
ADEFRELTHIELED. TREFNOHEEICONT, VAT ANERICR D
X 2 Hi AEHERARE (two-terminal reliability), kEimRE{EEERE (k-terminal reliability)
EREEN, KERREEEEIIRAEEEL 25 ABEEEL —RILL-EEEL LT
MHXDTENTES (17,

4/5*?/Fm§ﬁ®LAN%ﬁﬁbfwéi9u, —RRIZR Yy N U— 7 X
BEEELHT L. BEARXY NI OREELYEZD5E, MERELELEZOE
EXRITORSHEZER L CERRY N —7 OR%EXSLE L, LAN 72 X0 RHK)
Ry U= ZFERHIEHME T2 Z L idd . Z0R»LE X, RAEEEIRR
EOEBRy P —7 DEEEEZTFET 20K LE L-EEEL Bbhb.

(38) YO LS AHRBEHTYAT AERERNWETZDN?

ETROBBIIEWVIHMSI TH 2 LIRET 5. Bl iTHbic L 2 HEESLABH 2
WERIZ K DBER EDON— Ry = THHE, H#E7 075 A0BRBECLEY 7 b
UxTHEERE, ERRY NI VAT AR IOREETHRRT S,

FIKOBIEEE X D56, BRENETE— LBV, flxiEsbick
LHBEIIEREECHEARRICE - TRERD L, TuREOEE LR/ HERN
Xy hU—7 RBETIHELEOEERDLBEOEN L T AR T L IR
ROLTHAS. ZOZLEEE X, AL TIIRERIE T LICR > T TH#ED
RNET 5,
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—F, BRICHY T IBBROWELEEILEEIONDS. LI LRAEEHELT
MRELTIHHE, SETITHEEROD DS SEMABCERTIZLICLY,
TOHEPEELRWET NWVIZERT D ZENTREE 25, FIZIEK 310MES 5
7 G, HiRviIERp CEE, 1-p CHETZE L, TOMOERITHELRWE
RETS. ECOEEANEE, POETOHAPEERFHL-TEFETHS & X,
WRT77 GREFETHDETH. —F, ETIT7 GOHRIXINE TORE L
FILK HICEETHD. ZOLEMRTTT7 GREETHHIHEERIE, BRIST77 G
MEETHOIHRLELIRD.

IEHELGLME: p

O O
JED \ e

G’
B 3.1 HiSEED DA~ TR

3.2 KEEHEEODFHEAE

HDFy NT—7 G OREEEE Rel(G) IFRD L D IZKDBZ L NAHETHD. £
Fy NU—27 GIZBWT, EE E, CEXRBTH 2 TORPIER, D OETORNMK
LR DIREBEER L&, EROKEROMIENOR Y FT—27 GHRZOREIZRD
FERIT,

IIre II Q-p) (3.1)

e€Eop ecE—Eyp
b, A GOREES T T7DERELTDHE, Rel(G) ZRAD L SICKRT I ENT
x5.

Rel(G)= > {Il ple) IT (1-ple)} (3.2)

Gop:(‘/,Eop)E.A eeEop eCcE—Eyp
X (3.2) TIER Y N —I BPIEFIZRDZETOREIZOVWT, TOMELHELAHTSZ
LIk 5T Rel(GQ) DiEZRDTVS. Lo TR (3.2) 0EDEFETBILE, Ry hU—
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7 OETORBIZRIL, Xy hT—I BEFENPENEFTAIRTNIER LR, BEOKE
FEFREELHEREO 28 THE5DT, Xy FT—27 OREBITEHLT 2 (m = |E|) @&
WIEETD. Lo TIZDHKEITLD Rel(G) DiEZEKD BITIE, BOARKIZR LIEEA12E
BEEMAMNEL R ERbND. FIETERLEEY, SESELHBR LOTREKT
TEREoTZOL S REHIARGE L B L TORWEHERRE T Rel(G) DEZ R D HF
ELREINTVEH, REGHEEDEZRDZMERH#P 22 THHZ LI, J.S. Provan,
M. O. Ball[67] & M. Jerrum[37] IZ L > TBRICRENTWNA DT, MEEHEELBOAEIC
xt L THAREE CEE T2 Z L I@EHE IR TV 5.

—RIBAEEELHET AR, ROHBREVRBEARXS LAV DR [56, 54).

FHE 3.1 RS TF7 G=(V,E) DIEBEDH e € EIZxtL, UTORMBEILT .

Rel(G) = p(e)Rel(G - €) + (1 — p(e)) Rel(G — €) (3.3)

e EHETHIHE, e DIEAIIF e CL o TEBEINTWNWDIDT, BRITFTT7 G

NEFECTHOIMRIIFE e #MO LRI T 7 G- e PEFTHIHRLEE L 25, #HI

e BNEHEELTWAHAIL, HeZHIBRLE-MERI 7 @ —-e DEFTHIHERLELL

BRBHZENPLR (33) 2/BAHIENTED. ZOHIBRBRERARNICESWTRABEED

EAHEELGES, RORKICH LEENARHERBEZLEL TS, LMALK(3.3) I1H

FEEEZFFODOT, rl 7ML EFHEEILT U TIAREEIRDIZDH, 2 Ba—
WX DEEHEDOEICESAVLRS.

3.3 FLUREEHEOITREMZE

MEEHEL RO ZMEIH#P FETH D72, KEELRXy FU—27 OREEREL
BECHE TS Z 21, HEEHEROBALLHEEICRETHD. ZODOREEEED
B Z HENZRFFTHET D2 I LIIBOTEETHY, HRLTDIRY NT—7 23
RLTOWOIREFEHEDKELRIET DI ENTEDLEVWIEKRT, BEEHEDOTRE
RODLHZLITIFICEETHD. AETIE, ZhETTHRESN -ELREEEEDOTRE
HEZHBEICET 5.
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3.3.1 EHEEZEXICLDIFE

IZTHETOBEENE L p THAIHBEIZOWVWTERD. ZDLE, BEI7 57
G = (V,E) DM AEHE Rel(G) % Rel(G,p) L ELLZENEL, 797 GRERRL X
(TEIC Rel(p) KT EbH 5.

Xy hU—27 GBETDEmAEOED I H, m—i KNIEFIRE, i KPHWEREL 25
EEIT,

P (1 -p) (3.4)

THDH. Xy NI—IDBERLLRLIRED DL, EELRBEOREDR m —i A, HELTW

DRDEEN i A THD L5 BRREOKEE F,2 3258, Rellp) IZUTOLIITRT I LA
TE3. _

Rel(p) = X%Epm‘i(l -p)* (3.5)

K (3.5) DL HIZ, Rel(p)idp DEEXNTRLEND D TEEE LB (reliability polyno-
mial) & bFFIND [17)].

X BB DREDI B Fy,...,F Lk Fy,..., Fp 32 BB CHETRET,

(
m

1

F, = ¢ - C, i=c (3.6)
c

757 G=(V,E) DBRKRKOAE i=d
0 i=d+1,...,m

.

7D TIEL, cid7 T 7 G OKERE, CoIRk&EScoOly O, d=m—-n+1T
» 5. J. B. Kruskal & G. Katonal[41, 48] 1%, = (3.5) P OB T B F,_ & F, LT
DX D RHKIBEE R H D LR LT

0< FVi< Fy (Kruskal-Katona O E#) (3.7)
ZZTEDRINPI»S TS i—1/i 1@8F O5EEE Tii7z < lower-pseudopower Td 5
(EFEEEEFEIT (17 22H) . BN (3.7) %A LT, R. M. Van Slyke, H. Frank(84]
IX Rel(p) ICOWTUTOTREEH L.

c d . ] )
Rel(p) > ) Fp™ ' (1-p)i+ > F/p" (1 -p)’ (38)

=0 i=c+1
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Z DO TF 5% Kruskal-Katona O TR & 9.
F72KX@BH)IFUTOLICERTE A,

d
Rel(p) = p*'3_ Hi(1-p) (3.9)
i . d—r
H = ZFT(—I)"’(. ) (3.10)
¢ d—r
F, = ZH,(‘ ) (3-11)

K (3.6), X (3.10), K (3.11) £V, Hy,...,H. 232  HiiXBHEKXFER CEHET D 2 LM TE
%. R. P. Stanley[78] 11 <i<d7Z2B iicxtlL, KX (3.9) POMETIHHH, 1 & H &
(CUT D& S 2flHEFRISH DL &R,

0< Hip1 < HEY/™ (Stanley DBIE) (3.12)

ZIZT HORBIZ»H->TWA< i+ 1/i >iX upper-pseudopower ThH 5 (EE L HEFHIE
i% [17] 2 M) . Stanley OEAFRR (3.12) ZH T, M. O. Ball, J. S. Provan[6] i3 Rel(p)
WX LU TOTREFEHL.

c d
Rel(p) > p" 'Y H;(1—p)'+p* ' Y Hi(1-p) (3.13)
=0 i=c+1
=77,
d
H; =min{r|Y " j=0""H; + Y r</*> > Fy} (3.14)
j=t

A (3.13) TREN D TH% Ball-Provan D TR &V 5.

3.3.2 Iy -nNvxIHk
FPTroyY RoX U THEHETH.

EE 3.2 /777G =(V,E)iZxtL, HRESVHOETOHRAEHL, EWVIIKREER A
G D875 7 DES

Ly - 1Ny F¥ T (edge-packing) &\ 9.
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CDERIIHERT T 7R LTHRERICRENS.

WRITT7G=(VE)YDBPzyP - Rox 7 P={G,...,Gr} &R OBEEER5.
TyY - RyXL I DERG,G eP (i #7) REVCIEET 22T, BES EC
BT AROBBERIIAE VIS THEDT, GRIEFLRDMEEL GBER L 2RI
BVNIISLIZ 5. BT T T7OREBETy Y - RyF U TOBRTHLIWBOTHERS
T 7 ORBEIZHDWT, BALICUTOZERERD.

die{l,...,k}; GHEHF —= GH»HEFE (3.15)
Vie{l,...,k}; G.2HEE =5 G Mk (3.16)

X (3.15) VT DEHSHERS T VR EE THIWIHRRS 77 GIXEETHDLZ L, X
(3.16) IFRTOMRE Y 7T 7 BHETH-oTH, MRITT77 GHHEETHD LITZT AR
WIZEERLTWD., ZOZENLHERTT 7 GBRIEETHDIHERIE, WTIrOWskk
RITINEFE THIMRULTHDZ bR, ZOBKREERLE LTEH LIZDOR
UTFTOEETH D [17).

FH 33 HERISI7T7G=(VEYBRxzy Y - RoXx 7P ={G,...,G:} &Fo¢ &, K
DFRERXPHRLT S.

Rel(G) >1— [[ (1— Rel(G;)) = Low(G,P) (3.17)
GieP

X (3.17) DELIIHER S 57 G OMEEBEEDTRICR->TWS. ZDXIZTy P /3y

¥ EBRL, XG17) ZFAL GRAEEEOTREEH T EEZI YD - v F

> %'i% (edge-packing method) & FES.
BRERNPETELVES, BRKKT =(V, Er) Ofaf

il

HHE Rel(T) I3,
Rel(T) = p™! (3.18)

LB, ZZTn=|V|Thd. #oT Pk MEDOEH K (AWIZIHEBORERZ20) &
RARTHEETDE, XGBINIFROL SRS,

Rel(G)>1— (1 —p~1)* (3.19)
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Lo THRABEEODTROBEZM LI H2720I1C1E, BHERBRADOAE ki o8
BWIZ EBbhb. k®1u777CL:WEU@%LL;OTWD%éﬁHmﬂaém,
0<k<eThd. ZZTciIFI77 GODHEHETHS.

75 7 BE T HRIEEBAAROAEICET 2RI E < oL &R [57, 58, 82],
ZO% Z ORENR~ huA FoEIRIBEICRE TE 52 L 28 ). Edmonds (2 & W R &7z [24].
V. P. Polesskii[62] (3£ E TORRETHANT, 7797 G=(V,FE) DFERZEN c D& &,
BHERABRARDRRAELDR DR LS [S1 R THLZ 2R LI, ZITlz]ide 28X
BROBRKOEETHD. ZOKEEX (3.19) EATHIZ,

Rel(G) >1— (1 —p~1)f3l (3.20)

E72%. X (3.20) DAL TR INIREFEEED T R % Polesskii D TR & FES.

Polesskii @ T 5ti% Kruskal-Katona D TR & L L7254, TROBERH TV EL A2
WZ EH[18, 19 1K L > TERMICHER SN TS, ZD#, Kruskal-Katona O F %1
¥9 5 Ball-Provan O FRBBEINLEZ L0 HD, REBEHEOTROMIAICEL T,
TyT s RyX U ZBICETAMEIIT Ao, L L Polesskii D FHRIZH ETH
KEENPETELWVWRY N7 2RRBELETRTHY, v Y - RoF 7 EAEIX
BHERABE LIRS Xy P —2IZH L THBEATES. ZMEEESERICES
SFHBIIEROVRELRFRTH .



Ieke =r.
4

Co

BAKIZCEDZITYY - nN\vx2 Tk

4.1 [FLHIC

332 i TRRLIZL DI, BHEESHENCLZFELUBTE L TRAOBERNLEIVR
W Z ENERBICHEREIN TSR, REEEHEOTRICHL Ty Y - RyF ik
AT OMEIL T KICRoT., =y - Ry XU TR, KERENERLIAXY NT—
JIZHLBEHATED LEVWHIREREFNMZFH->TNDELOD, BHEENRE—DOHA KT 5
LR HEER D ZNETHE VRSN TR o7

AETIIERBERPERDI XY NV 208 L LIEHEIIBITS, BRKRICLET
TNy TEPEHTOREEEREOTROBEILONWTEERET L. Z0OBELEIC
BEOBWTRZEHTAZLEZENE LEZEARBT Yy Y - XU 7HRT LI
ALEREL, TOMREEZEEERICIVRIETS. ERRBBLETAITY ILIHD T
TIEBEMEETHEATAZEIZLY, BONWATROBE LTz BN TEHE
EHEERTRYT. Oy« NoX U BT T TEREAAG DY FIE, ik
ERETELVRY =27 LTEALTYH, Ball-Provan D TR ZEBTHZ L H
DIFLHEEDORWVTREZENCTE D Z LA BUEFAITRYT. RIFRIIEHELER DR Y b
U—7 OREEEEOTRICET 2MAOHEBHEMCERL, —DOOFMEERELEX D
TR, TNETHEEENETELVR Y hU—JIZRH LTEBTIERWEEbT
WBL Y s RyF U JENT T 7EBREHATLIZLICEV+RICBR LD D
EERTZEZERELTVS.

29
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4.2 BRKIZEBIT YD - NyvxUTHDEFH

X (3.17) # /LT 5.
Rel(G) 21— [] (1 —Rel(G;)) = Low(G,P) (3.17)

G;eP

BHERPE Z LR D5E, BKKT = (V, Er) OREEHEE Rel(T) i3,
Rel(T) = ] ple) (4.1)

ecEp

LEY, Rel(T) I3SERMETHETETSHD. o PERIERBAKRCHETS L,
£ (3.17) ITKRD L 312 B.

Rel(G)>1- ] @1—-T]] »le)) = Low(G,P) (4.2)

Gi=(V,E;)eP eCE;

EoTBARIZL D=y D - RNoyF 7 PeLEARB THERTEIE, GOREERE
DTREZERFB CHET D ENFRELRDS. ZOBRKKRCEDZ Y Y - RyF 7
BRI AL THBEORY, TORLEDORE ZBEERED TR Low(G, P) Z1F5129I,
AT O L& PST (Packings by Spanning Trees DBg) & ERALT 5.

578 PST
Maximize Low(G,Psr)=1— [[ (1 - [] p(e))
G;€Pst ecE;
Subject to Psr : G IZBIFTBIBRARICEL DTy Y - RoF T

G = (V, Ez)
IRE PST 3B RER B A —DHE L £i2 Y, BEMICEERBRARDOAE ZHELETLVRT
IR 725, ZOMEIIH#P FE2THL LTFRINDD, REFOERHIIINTWR.
8 PST OEOREEY EiF57-2Di2i%, 0< Rel(G) < 1ICHEET D &,

[BME 1] : Rel(G;)) DEZKE LT 5.

[lg 2] : BEHERAeBAAOEE |P| 2K&L<T 2.
D2EY DEMEAHEZLRbMD. LHL (Pl eRkE<T3EE, £2THTy Y - Ry
X OBERPBRAILRD L IR EBEIGRIRT 2 LERH Y, Hx OBKKOBRE
BEEEZ LT 5720 BUICRIRT 2851225 0T, M5O % RRFICEERT S
ZEIRICRTRETH D, Lo TKREIICENTNOEBEZER Lty Y - Ry F o7
BTN XLEZRETS.
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4.3 RETHF7ILIAVXL

4.3.1 EBEERKXKICEATIENRE

AR BB 1), $hRbbz oY« RyX U I OEREBRIBRRKORAEEEL KX
< THEIIESNT, Xy bU—2 G = (V,E) DBAKIZE DTy Y - RyFx T Pep,
2HEE ST 573U XA PST1(Packings of Spanning Trees 1) # LA FIZART.

Procedure PSTI1(G)

begin

Psrs — &;

while G is connected do
G’ «— the most reliable spanning tree in Gj
G—G-G,
Pst2 «— Ps, U{G'};

end

Sy Ut W N e

end

TNTY XA PSTLIFEARKIETHY, Xy hNT—7 GOLRABEEERKE R
A (UTF, BEHERKKLES) 2HHEL Ty Y - XX TOERETE, LWVOHL4L
A ARER R O ki 5. BEERKAIL, J. B. Kruskal[47] ® R. C. Prim[66] & X &%
RKAREBRRT BTN XLEZFALTEET LB TES. UTIRIF57 G =(V,E)
DERART = (V, Er) RHE T 5 Kruskal D7 VT Y AL ZTRT.

Procedure KRUSKAL(G)

begin

1 T« ¢;

2 @ < a queue containing all edges in F in non-decreasing order of cost;
3 while [T| < |V|-1do

4 take out and delete edge e from the front of Q;

5 if 7'U e does not have any circuits then 7 «— T'Uce¢;

6 end

end

Kruskal O 7 /03 Y X AL, BES EFOENLaX hOKXWEICEZERDHL, B
FORIGEMLU CHHABNR TE RNV I RLEBMT S, LWIFIEEZEVRITERETH
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%. Kruskal D7 N2 Y X AOFHEA—F—IL O(|E|log|E|) THD. —F, Prim DTV
Y XLOHEA—F X O(|V|P) THSH. EEERAKIUTOERICLY, BERE
AR NERIR LT EDHERRARLF—IZRD.

EH 4.1 BRI 57 G = (V,E) DEEERRKL, BHERLaXMLRILEEORRK
ER—Th5H. 72IZL, Vee E; 0<ple)<1 ¥ 5.

E1L%)

T =(V,Er) % G = (V,E) ZBITDEHEEREKAK, To = (V,Ep) ZEEDERAL S
5L, logBA¥o BHERRMMED B,

EI-I;

Rel(T) > Rel(Ty) <= [ ple)> [ ple) >0

ecEp e€Epg

< log{ [] p(e)} >log{ I] ple)}

ecEr ecETo

< ) log{p(e)} > > log{p(e)}

ecEr e€ETo
P> T, FHEERKK TIIEEROMIEZ IR M eHZR LI EED G DERRKIZR>TW
5. JKA%Z Kruskal D7 VT Y AL > TRETHHE, BoNsBAKRKEF2—Q
WZRIT DKDMEFFITEIFT . logBAE DO EFTMEMMEL Y, BHEEROMGEEL A ME Lo
AbEREREEEZaX ML LEHAED, Xa— QBT AHDIEFIIRI—THD. - T

Kruskal D73 Y XX, EH50BE8bR UBARKEZRETS.
FEHA#&

TNIY X5 PST1 OFHEA—F—IZB LTI L TOEEPEINLTS.

EH 4.2 /597 G=(V,E)IZ7 V=Y XAPST1 ##A L= L EDFHEA—F—iL O(c-
O(MAXTREE)) TH 5. ZIZTcii/ 77 G oEfEE, OMAXTREE) 3&AKR%E B
RTBZTNITY XLOHEA—F—Th 3.

&
Jn

757 GPETAHEHRBRADRRE L THDHDOT, 24TH D while L— 7DD
EUEIE2cEThHD. 7T 7 OEMMEETHRDLDICHERHEA—F—ZO(|V|+|E)|)
T+ THY [33], EARERETHT7NAIY XLLYEHEA—F— TIPS, Lo

T, 26Tt O(c- O(MAXTREE)) & 72 %.
FERA#E
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BAAZRDOIFZT7AITY XAE LT Prim D7 NI Y XLE2EA LSS, HERE
cDT T 7IZBWTIIEZTOEDOKEN c U ETHBZ b,

c-|V|
<
< gl
< 2E|
c< 4.3
v (4.3)
L2y, 7aa) XAPST1 DFtEA—F—1X O(c- OIMAXTREE)) = O(|V|-|E|) &£ 72 5.

4.3.2 T hOA FHBNZE DL FE

WIZ (B 2], TROLEHBARDAEZ L TIBIICESWTT ALY X A%
WE 9 5. J. Edmonds [24] X< buA FHREIOTNLTY ALERREL, TOTATY XA
FERATLHZLICLY, BEREEROBAKNICE DTy Y « RyX T 2HEKT D2 LA
TE2ZL%#RLIE[28). K757 G=(V,E) T IHIBRRIZEL DTy Y - RyFr
TORREREEL, UTOMEPST 252 %.

%8 PST’
Maximize Low(G,Psr)=1— [ (1 - [] p(e))
Gi€Psr ecE;
Subject to Pgy : G DBRKARIZL BT YT - NoF T
|Psr| =
G; = (V, Ez)

RARE PST 13R98E PST DEBEIETH 58, ZOHEEIZ OV TUEIRE Y TEMOBRSL
/o TV, ZZCUTRBEPST LT a— Y AT 4y 7 - TAAY A L%
£75.

TNTY XADOREEBALT D720V ODDEERBEITS. ETH e OBRERITH
L, ple) € (0,1), Tbbple) £0 7D ple) #£1 LT3, ple) = 01X DEMEIE L7
WZ L EEMTHY, ple) = 1ITEPHEE LRV & E2RTOTHEOBEROE LEFR—D
BRE BT L EEMTHDIOT, ZOREIT—HREEZ LD,

F WU TOREEZERTS.

K : 757 QT aBARIC L BTy Y - Ry %o FORKERY
(G1,...,Cx}, i = (V, E) gk
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Gk : (V,Eky1), Exyn=E—-E — - —Ex (GguiIBRATIZARW)
I :{1,....K,K+1} (KFESH)

Rel(G:) _ { IT »() e € G; € Psr

P(e) : feG;—e

0 e € Gk

(1 — Rel(Gy))(1 - Rel(G)

_(p(e)—p(f))(P(e)—P(f)) e€Gy, fEG; (i,5€T, i#7)
Afe, ) o
{ 0 c€ Gy [ Gy (ijel, i=)

ZZTUTORGBEERTS.
EH 4.3 Psr ={G1,...,.Gx} 2777 G=(V,E) DBKAILL DTy - RoF LT
5. 2D e; € Gy & e; € G; (i,j €1, i#j)IT*L, G; = Gi—e,-Uej, G; = Gj—erei
£3D. Pir = Psr —{Gi,G;} U{G;,G;} bELBRRIZEIDRES KD GOV -
NRyFLTIRoTNDHEE, el e IIRMAETHL L.

LUTICAZHATTRE/R 2 KO BT 2 EHE 52 5.
EE 4.4 Psy ={Gy,...,Gx} 2777 G=(V,E) DBRKIZLDT V- RyFr L

T5. Ke; € Gikte; € Gj(i,j €1, i # j) BREAFRETH 572 HIZLA T OERP RIS
5. T=EL P.;'T = PST — {G,,GJ} U{G;, G;},G: = G1 —€; Uej, G; = Gj - erei'C“Zbé.

Low(G, Pgr) — Low(G, Psr) = Ales, e)(1 — Low(G, Pst)) (4.4)
L]
Low(G, Psr) = 1— [[(1- Rel(Gy))
= 1—(1—p(e:)P(es))(1 ~ plej)P(ey)) II (1 — Rel(Gr))
ey
_ (1 —p(e:)P(ei))(1 — p(e;) Ple;))
= T ARG - Rel(Gy)) L oG Per))
Low(G,Pgr) = 1—(1—ple;)Pe))(1—plej)Ple;)) T] (1 — Rel(Gy))
g
= 1—(1—ple:)P(e;))(1 = ple;)Ple:)) TI (1 — Rel(G))

k#i,5
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(1 — p(ei) P(e;)) (1 —p(e,-)P(ei))(l _ Low(G, Psz)).

L = Rel(Cy) (1~ Rel(G)))

£ oT,
Low(G, Pir) — Low(G, Psr)

. 1-— Low(G, PST)
= (1— Rel(G))(1 - Rel(Gy))

{1 —ple:) P(e;)) (1 — plej) P(es))

— (1 ple Plex))(1 — ples) Ple;)}
 (ple) — ple))(Pled) — Ples))
= (- Rel(GY)(1 — Rel(Gy) O owGPer)

= A(e;, €j)(1 — Low(G, Psr)).

AEPARE

A, ) DEZEELY, ple) > p(f) 7> P(e) < P(f) BSRRILT D, ETzidple) < p(f) 2>
Ple) > P(fYBRRILT B L X, Ale,f) >0&¢7D. Ko TEEA4E, =y - NyF
TEBET DBRARLEOFBHEEDENKRELLRDIIIZTL, FOTy Y - RyF L Jildo
THEOLNLIREEEHEDOTROBEN EBDZLEZRLTVD.

FHEAAIEDSE, BRREOBEHEDOENKRERDIILITITFIT GOy Y - RyF
VI Por, R T D 2— Y AT 47 - 7T Y XA PST2(Packings of Spanning Trees
2) U TICIRET S.

Procedure PST2
begin
1 Pgr,={G1,...,Gk}

«— an edge-packing whose cardinality is maximum K by Edmonds’s algorithm,;

2 for eachie {1,...,K} do Rel(G;) < [leeg, P(e);

3 Ggi1—G—Gy—---—Gg, Rel(Gk41) = 0;

4 for eachedgeec F

5 if 3 el; ee G, then

6 l(e) =i, P(e) = Rel(Gi)/p(e);

7 end

8 end

9 @ < the queue containing all edges in F in non-decreasing order of edge probability;

10 while |Q| # ¢ do
11 Take out and delete an edge e from the top of Q);
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12 6 — 0, es — null;
13 for each f € Q do

14 Compute A(e, f);

15 if A(e, f) > 6 and e and f are exchangeable

16 §—Ale, f), es—[;

17 end

18 end

19 if 6 > 0 then

20 Swap I(e) and I(es)

21 for all g € Gy() — e do P(g) = P(g)p(es)/p(e);
22 for all g € Gy,) — es do P(g) = P(g)p(e)/p(es);
23 Rel(Gy(e)) = Rel(Gye))ples)/ple), Rel(Giey)) = Rel(Giey))p(€)/p(es);
24 end

25 end

26 Psr. — {Gi,...,Gk} according to I{e);

end

T XA PST2 OMEALLTIZFET. Step 1 TiX Edmond &7 /AT XAIZ LY,
RREFRBOBARNIZEI DT vV « Ry U FTH#EBE LTS, Step 2 525 Step9 iLL#%
AT O BB O BEFAE CTH D, Step 11 2°5 Stepl8 TIHRHTH = LIk D FROKEEE
LT EOHEKD 2RO EFRFE L, Step 19 LI TRH#TS.

EHE 4.5 T Y AL PST2 OFEA—F—X O(|EP) TH 5.

8

171 T? Edmonds D= k& A FHENIMLBERFEREILO(EP) TH 5 [23]. 2 20
DBEBFTRETH DR T H720ICIX O(|E|) BESLEL T 5728, Stepl0d 2>5H D while
N—T 2T O(|EP) FELEL RV, ZOMORBIIKLERHBEIZAL Y KRN A—F—

THD.
AERA &

4.4 TS5I7OR¥EEMEEDI TS TITHODE

LAETHEST LS IE, Ty P ARV SR L > TRONERATEEED TROME
& LiF B o ORI O—DIE, Ty Y Ny R OBRK Pl ERETHILTHS.
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L LRBROS T 7 OGEFREEN c D& & [PlidEx ¢ THLIDT, BOBEREN/NSRT
STIHLTIET Y Y - Ry F U FJETROD TROBENHE Y HIFFTERVEREHD
bd. T TEERE (ERICIZZ T 70KRK) 2 EIF50Ic, KITRT 3 DOHEER
WCEMR ST 7 ERERWS. INboD 7S 7EREEEORRS S 7ICEATL L, £
DR EHEEZRELOOREEVRLELIULD T FTICERTHZENTED. 2
NoEDT T 7 EBRIIREEEECERYHETIRICISAVWONLIERTH S [17). H
RN B 7T 7EBE L UM TN E R —EB|-S NI T 757 - KBEBRIR ED
HDHN, AR TEHT T 7OREE EF2ZEEZEHE L TNEOTIALDOERITHAN
TUWRU [29, 63, 64].
UTFICET 220077 7ERBICET L2 ERELTT.

EFE 4.6 BRI 77 G = (V,E)FORK1DE Rz veV, ZOHREMRALETIRE
ec EL¥5. ZOLEUTOEXDBHILTD.

Rel(G) = p(e)Rel(G — e) (4.5)

WRTT77 GOOHERTT7 G—e~DY T 7EBEEHERE (terminal deletion) &V 9.

FH AT HRIT7 G =(V,E)FORK2DEREFveV, ZOHREmRETHEE
e=(uw€E, f=@Ww)eELTD. g=(uw)gELTDHL, UTOEXNPKILTS.

Rel(G) = {1 - (1—p(e))(1 - p(f))}Rel(G—e— fUg) (4.6)

72720, Mx b gDFRERIT

ple)p(f)
— 4.7

P9 = T-a— pe) = p(f) 40

Thd. BERITT7 CPOWMETTT7 G —e— fUG~DT T T7EHEZEIIFER (series

reduction) &V 9.

EHA6LY, EEREZRVELEATE 520NEERS I T7OREIIDRLED
2L RIZRB 005, FARRICER47L Y, BEFFEGEREZBVELERTE, 5206
NIEREB2U LORERT 5 7OREIID2 b 3ULIIRDZEBHGND.

UTIRTEFRERBET S 7 7OREE T T2 75 7EBTHDHH, EHFIFEERL G
AT EICESRERCEERELZERA CE AN E MR H DT LBHmbLN T
W5,
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1. ERiRE
IZTO > [/]
G G-e
[CRE: S
G- U
s wmsL ¢SV
G-e-fUg

E 4.1 3-o0F7 5 7%#H

B A48 MR/ F77G=(V,E)PD 2R uve VERIRE T D 2RO THK%E e, f € E
ET5. g=(u,v) g ELTHE, UTOERXMBEILTS.

Rel(G) = Rel(G—e— fUyg) (4.8)
=720, Mz bl gD MR
p(g) =1—(1—p(e))(1 — p())) (4.9)

Thd. WRITT7TEDLOHEERITTT7 G—e— fUgDT T 7 EH %W HHER (parallel
reduction) &V 9.

— R ATR 2R VR Z 7t LERR 3 2D 7 7 7 EBEERA LGS, &
B OMRT 7 7 ORGEREIITOMES 7 7OMERELI OV RESRD. o TROME
RBTIT7CTyY RyF U TERPERTD L0, BREOHRT T 710y Y - Ry
XUTEEBERALIEAD, BONDIREEHEDTROBENRSRDIEVHFTES.
LRI ODT T ITERICEIVERINI-FERT T T IXTOMRT T 7 LY BOAEEH
Wipl 7B, BRI HEDICHERBYVETH IO THT LEBIETE DR TITRVA, —
BIZ T T 7 EBICET AR L 0 b THREHICET AREOF B RKEL 2D Z EBEZ VD
T, TRZEHT BT T 7EBRZHBLEFP2EOHBERMOEL 2D 2 LA
T&5.
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R T ITNOBEHENPETELL p THHI Yy MV — 7 ICEFIFERRLIEFIHNER % 8 A
L7za, EHEH 47, 48KV, FHEICMALN D OBRHERIL p TR 2D, > TH
HERBETELVRY NV —JIZH L TOAREBBEEDOTRERD D Z LN TE HFIE
121X, EFFERREFIFEREFE CRHWAZ LIITERY. Z0ORPLL, ZThHDT T
TEBMET Y N X TIELHRATAZLREREDDLLEZALND.

4.5 HERERLER

ZDOETITE T Ball-Provan ® TR OREEHEEICLDIFEIILED EEDN TS
TP Ry TERN, AAE TR LZ3 S0 75 7V EBERAAEDEDLZ LIZE > T
Ball-Provan D TR L VBEORWMVEZEHTHZ LN TEDHTELE 1 D2DXy NIV —T %
BNZZETTRT. RICZOT T IEBRP Ry NV — 7 OBEIERFETDHZ L2y P
RyFX U THEOREERZR EIE5Z A BEERICI VAT, 20%, #RELZ25D7T /v
Y XA PSTL & PST2 IC L 2HAEHEDTROBELHERT . RERI/NIDDRY
N — 22 LB EEEDEMERD, 2007V TY XA LD TROBELRIET
5. UTEDORED, FFRECL-TELNIRAEEHEDO TRICAREZITS.

e Ll: 7AFYXAPSTIICED TR

e 12: TNAIAYXALAPST2IZLB TR

o L1': 30D F7EHRLETNITY AALAPSTI ZFHLTHELND TR

o L2: 30D I ITEHBETNITY XAPST2 2L THELND TR

F 5% Dell Dimension XPS R400 (CPU:PentiumII 400MHz, Memory:128MB) L

TV, 7 I AMICEFEXAVTERL.

4.5.1 EBEEZBERICLHIHEEDLR

2TORICFE UKEHEREZME LR 42TRI DRy N U—7 (V]| = 14,|E| = 24)
IR LUARETHRELEZTNAVITY XA PSTL & PST2, $72FN 623207 7 7E#%H
HEDLEEFEIZL-TTREZER L, EEELENRIZL S FHETH S Kruskal-Katona D
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Tt

E 4.2 EBHRRyY NT—2 (BRERENLETELYY)

TR Ball-Provan D TR LB L. BRER 4AUTTT. 419D Rel iTRAEHE
DEMEERL, EHI1IOHIBREVBARNLHWTHEL:.

F£41 MA2DRy =7 T 2REEEEDO TR

P Kruskal-Katona | Ball-Provan | L1,L.2 L1’ L2 Rel

0.9 0.566834 0.633056 | 0.254186 | 0.715963 || 0.767377
0.95 0.796558 0.837755 | 0.513342 | 0.877137 || 0.890846
0.99 0.973225 0.976581 0.877521 | 0.979088 || 0.979606
0.995 0.988195 0.989111 | 0.936915 | 0.989773 || 0.989901

RAIPTLL & L2, LY & L2 BRLABIZASTVWEDIE, WIFhbFELRLT
REBHLZZLE2BWTSH. ZORREM»L, M420xy MU—27 123 U CIIERESER
p =0.9,0.95,0.99,0.995 DV FHRDEAITIENTH, TPy ¥ JERETIE Kruskal-
Katona D T RIZERBEORWTREZEHTAZ LN TEXRhozl, 77 7 KRB HEAS
OELIZEICL-TEEHEELZEBENRNICL S FETRHLEN TS Ball-Provan D TR XY b
BEORWTREZEHTEXLZ LBb25.

KICZK A3 TRT Ry U =2 %EZ25. ZhiIK420F%y bU—27 LRI UEELZH
TN, HHERPEVELEVENEBELTWS. JZ CREEEOE VL, EEED
BV 2 AL D AT TERBRTE S ¢ 75, Thbb, BOFOKERE py, KW
p kLt ¥k,

pg=1—(1—pg)? (4.10)

LETDHLETH. EEEOBEWEAZEBEEDEV 2 KOFTRICE#R TIIEE TORRER
NELLRBDT, ZOXRy NI —ZIZOWTIHMEEESZEAIC L AFELEAMREL 12
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i i :Low Reliablity
:High Reliablity

B 4.3 EBE Ry NUV—27 QEROEERLZED)

5. ZhiZ Ly RyX 7B, BREEOSHBEDL I THoTHEHATED.

F 4.2 M43DxRy NI—Z71ZxtT AR EEEEOTR

PL Kruskal-Katona | Ball-Provan L L’ Rel

0.9 0.543083 0.627801 | 0.254186 | 0.763963 || 0.767752
0.95 0.776182 0.835923 | 0.513342 | 0.890418 || 0.890871
0.99 0.970974 0.976487 | 0.877521 | 0.979603 || 0.979606
0.995 0.987556 0.989087 | 0.936915 | 0.989900 || 0.989901

FAATHERREZTT. ZOHBEIIBNTY, =y Y - NuXF U T 77 78R
MAE R 7-FiE2 Ball-Provan D TREVBEOCRWTREZEHT HZ & 8bnd. 7=
72 UBHERDBHE LY, F7203R (4.10) OFBE2ETHEBEDO Ry FU—ZIZxL, BEL
7=F1ED Ball-Provan D TR EVEIZANTH D EIEE LT, Xy NV —J DEELfHE
T OEFERDMEIZ L > TEEDERD. ThEEMIT L2, Himdds 10, £&EDS 15~25
DTTT7ET XA 0 BEERL, BHEEE 0.7, 0.8, 0.9, 0.95, 0.99, 0.995 @ 6 & Y |2+
B LU THIEERZITo7-. FORE, 208%DF v b U —27 126 L CITRE LI-FHEOHH
BN TV, BRERNETELWES X Ball-Provan DFEOFRENIEHANH D L E
DM, RO oY Ry XU TEICHSRNVEEHSIENFIETHDIEEZ5.

4.5.2 TSTEHRDHER

BEERONFRR Y hU—2 L LTS U F LY 57 (random graph) #EHH L7=. #is
Bon, B MmO L7777 L, BOMERE nAOFHROFNLT & MIGBRL
THERENB T T 7T, Rinm) LESNG. BEAE T v ¥ MORIRT 5 1= b ETRIME
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FRENDFEEMD & 523, SENIBEIZE UM A 2 FFORBFET 5 X 9 2R 3R]
SN EEFITE, MWmAETHERE L THETEPELRNWESICLIZ., T2 TiERE#in =50
&L, ¥ m=60,80,...,200 &L, £hEhoOMEEIZxL 50 9>, A& 400 @D
Fv NU—2 BER L. BRERIE[0.9,1) EO—BSHITHED LEL, TV F AIRE
L7z. 400Dy hU—27D5 L, 331 EDR Yy hT—Z 2O TIXZFDRED 3 KT
oIl T TV EREBERTHIENTESE., TORY PV —2 IR Ly Y - Ry X
VIR EERALESAL, VI TVERERBLEE Ty Y c Ry XU SRR B LSS
WOWTHRERHEEDTREZKRD, TORBELER L. BREKA43IEE 44I7RT.

% 4.3 3O0T 5 TEBOFYGE

Applicable Average of Cases on L1 | Cases on 1.2
m | Networks c ¢ LI/L1 L2/I2| > = < |> = <
60 50 1.00 3.00 1.736 17957 |50 0 0 |50 0 O
80 50 1.00 3.00 1.500 1512 |50 O O |50 O O
100 50 1.02 3.00 1.336 13714 |50 0 0 |50 0 O
120 50 1.10 3.00 1.271 1314 |50 0 O |50 O O
140 50 1.48 3.00 1.183 1.148 |50 O O |48 0 2
160 42 1.57 3.02 1.135 1.066 |42 0 O0 |27 0 15
180 28 1.75 3.18 1.097 1076 |27 1 0 |25 0 3
200 11 1.82 3.55 1.126 1.073 |11 0 O 0 2
3.0 30
25 2.5
8 8
52008 g 8 N 20 i § o
D15 i ‘l’ I i o ERERY g i i o
1.0 : 9ot I i 1.0 ! E !
05 0.5
50 100 150 200 50 100 150 200
Number of Edges Number of Edges

(a) (b)
4.4 35075 7FBOBE
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F 4.3128 T, Applicable Network DFid 7 7 7V E#EZEH TE =Ry b —27 OH,
RLE>, =, <ODINIENENT T 7EBRENRATHIZLICED TROBENRLS ko725
&, BELZERRI-TGE, BENRELIEEAOEEERL TS, K 4.4(a),(b) 2k
i AREENE m OfE, HEEZERERLU/LL, L2/I2 DEERLTNS. ZhHORBEM
53007 T IERIINEIEALEDR Y FU—T (BREIZIX L1 IZ2VWTIX99.7%, L21iTo
WTIX93.75%) IZxtL, TROBEZRMLEIVDLIZENTERLEILBHND

13

y —

> bl

4.5.3 F7NIIY XL PSTI1 & PST2 EDHER

ZIZTHLRBOFRy NT—2 LTI UFLTTT RBO,m) #BAL, B m =
100,200, ...,1000 & L7=. ZRENOEEIIH LERE CTETHEORWR Yy hU—2 % 50
83>, AF500EMERL, HEHERIT[0.9,1) EO—ESMMICHED & LTI U FAZEREL
To. TREBHT2LE3 207 7 7FEHBLHFRA L7, m > 300 IZ 2V TidkEK 3 K
DT T ITWNRPSTDT, FIT7EBREERATHZ LITTER» o, BEEROFHERE
FA4L K 45R LT,

& 4.4 PST1 & PST2 Dk

Average of Cases that
m ¢ |Psri| |Psral LY L2 L1/L2 & | > = <
100 1.0 1.3 2.0 0.30842 0.31740 0.97415 *¥** x> ) g8 15 27
200 29 2.5 3.3 055756 0.54511 1.02459 *** *** /97 11 12
300 | 6.0 4.2 5.6 0.75950 0.74772 1.01639 *** 17,136 0 14
400 | 8.8 6.2 7.8 0.87743 0.87115 1.00747 *** 31,30 0 20
500 | 12.5 8.4 10.0 0.93462 0.93384 1.00083 *** 49|22 0 28
600 | 15.7 10.4 11.9 0.96329 0.96268 1.00065 *** 7115 0 35
700 | 20.0 12.3 14.0 0.97980 0.97998 0.99981 *** 97|16 0 44
800 | 24.5 14.4 16.0 0.98961 0.98975 0.99986 *** 13.0| 3 0 47
900 | 29.0 16.3 18.0 0.99423 0.99430 0.99993 *** 168 | 2 0 48
1000 | 33.6 18.6 20.0 0.99695 0.99698 0.99997 *** 215| 1 0 47

** : Uncomputable (less than 1 sec.)

K AAUTBNT, by, L7 AT Y XA PST1 & PST2 DETHE%Z, iLE>, =, < X%
NEN LU>L2, LU'=L2’ , LI'<L2’ ¢R575—ADOEERLTWAD. K4A4.5F OB HITR >
FNU—7 OB m, ftET L2/L1 OEERLTWD. b DERE RS LEOREN
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o

et
—
o]
T
o

E et oo ol

—
= 1.00 [

mOOOOGDOO (oI o]

=
©
ot
o mnmom@oooo

0 250 500 750 1000
Number of Edges

B 4.5 PST1 & PST2 & D Lb#k

KELRBIPEST, THAITY XLPST2DHENTNATY XL PST1 LVEEORWTSR
FPENTAERAPH DI B oND. TR TREINIOXRy MU —71Zx 25
RREBGLEDE, V7 T7EBRPBEBRATEDLISOVE Ry MY —7, EITERICER
Ry hT—21E, TAITY XAPST2 OFBPEEORWTREZE N T 2EAPHDZ &
Bod., Tl UERERZNERRy NU—ZIZx LT, 7A=Y XAPST2I12X%
FRIZPSTIICE DA TREVEEISDILDOD, FOEIBD TNV E NGNS, —
J5, FEATRERIZOW T T A Y XA PSTLIXPST2 &3 &, EREMICEVEREITT
REBHTEDLI LBNOMS.

RICHBAEEECEME LTI LICLY, HETATY XL LD TROBE SR
L7z, KEEEARRy FU—27 ORBEEEOCEMEIIERLREMNTHETS LN TE
RODT, ORNRTHDHERE 10, Him=20,25,...,45DF LT T T ERNFER Y
FO—2 L L, ENENOREICHL 50 DRy NU—2, GEr300BORY NU—7 %
ERR LTz, SV Z LT T 7T HFDOMOEERINETOLDOLRASICLE. Zhb
Dxy b= 2% LEHE S1DOHIBRHEHEBRARE AV TRAGEECEMEHEL, —v
Ve Ry XU TBICEDATREKB L., TORERE, K455 K 4617

B 4.6(a), (b) DHEBHIR Y MU —27 DS m, I TREEMBEE OLERL V3.
BRHERBRL DXy T —7 OBEEEEDOTRICHET IMAIZIINETIZLALERIN
TWARVWDT, ZTROHLDORRENOHEADRELETAVI) XAAZLEZTRBBEEOR N
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ONEDEFERMIT gL, LM LK46ERABRY, ELETAITY XLRE
AEHSICERTHD. EEHEOERBPEZ DI ONTROBENRLS RoTWDH I &M
5, Fv FU—IHOROERENE I EERANRFRANCTREEEECERELHET S
DX /220, MBLETAITY XAREBEHTITROBEIIRSRD I LBHIFHT
x5.

£ 4.5 REBEECEMEL OB

Average of

m | LY L2 Rel L1’/Rel L2’/Rel
20 | 0.9082 0.9192 0.9872 0.9202  0.9312
25| 0.9361 0.9361 0.9993 0.9319  0.9367
30 | 0.9599 0.9687 0.9997 0.9601  0.9690
3509775 0.9810 1.0000 0.9775  0.9810
40 | 0.9899 0.9921 1.0000 0.9899  0.9921
45 | 0.9952 0.9971 1.0000 0.9952  0.9971

1.00 N | 1.00 )
s | 1] : ! | |
] 8 -]
0.95 g 0.95 E
) 8 @
o= 8 m g
~0.90 8 0.90
3 ° 9 o
0.85 0.85
0.80 ¢ 0.80
20 25 30 35 40 45 20 25 30 35 40 45
Number of Edges Number of Edges

(a) (b)
B 4.6 MREGEEEOEMEL DB
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4.6 HhHUYICZ

AETIIBAKIZEDZ Ty Y - Ry U THEEFIALT, BEENERDIRy NU—7
DREBEEDOTREZZEARE CEH T 2007V ITY RLERE L. ZhbDT
NN XREERT AR, ERERE - BIEEER - WHHHRE WD 3007 T TR AR
RAT23Z¢icLy, BohA TFTRAOBEZREIEA2EMBRSHDZ L 2R LIZ. BRAIZ
KBy  RoX U BT T 7TEBREMASDOE DI FIEIBEHEENEL VXY PT—
X LTHAED T, FEESEINCL DI FEOP TR LEN TV S Ball-Provan @ T4
JOVLBEDRWTRZEHNTIZENTERZLE 120Xy NI =7 2HIICZET TR
Lz, ZOZEIiZky, =y P  RoF U 7EIEREERENE LRy hU—2 2 LT
HREBEEICIDIFEIVIEIEILEDLNTVEY, thOFHELEREDLELZ LICTL-
THSCE PRI D Z L &R LTz,

% OBRADEHEEL KE L TIEKBICE S T ATY XA PSTL &, BHERBAR
DEH DR KELTIHIERBICESLS TNATY X5 PST2 & T—IZED LRENLTH
LEIEZ WD, I T7EBRNRTFICERTE DS OWVEEARODRWVERR Yy hT—
7 RREABPB RIS NERR Yy N =21/ LT, 7A=Y X5 PST2 DHEIEED
BWTREZEHTIERAL DD EEBEERICEIVRLEE., TREEHT SRFEICEL
T, *y N7 HOBERRELL 2BIZETLIY XA PST1 OFBERENZEN. £
DD, SHEEZEE LESSIITHROBE LHAERBICOWVWT, ¥E62 0O NE
EETIONIL-T, BWTAITY XADFENERLTHAS.

FiRE PST M PST i3#P B2 THE I L BFRIND 2D, THHLORMEIIH L
ZHEXER CREREZROEZTNVITY XAIBRLBFELRENEEZEZOND. L LIEKX
N2y D - RyF U TR LR EEEEOTROBRALTFMI 57-0I1ch, TX
LZEFEVHERE CTREREZRDEZTNVITY XLAZHRETILERD .

INFETICHEHEERRRD Ry NT—7 OREEEEDOTREFTM T HHENITE A
ERERTHWRWE=®D, BELETATY AW E D TROBEZIFET 5 DI3EE L3,
ZDHRFICBITHEEOMRICK T D2 —2OFMEEIL LD LW AT, TORETEE
BTHDIELEEIZTND., ETEBERNERDIRX Y MU —71Zx L TBRAKRUSNDE S 75
TERANWTTZ Y Y - RoX U T BET IR, AFREORRIIEROER LD EED
na.




F5E

BiiFTSIITEBDIVvS -y x Tk
DU B

51 [FL®HIZ

TyY e Ry TEICE > THERBER CRAGEECTREZEH T H-ODOFEMHD
—2 L LT, Ty ¥ RyFX U VOBEROBEEEENLEAXFH THEMETH D, &
WHEERHD. BABETEIT Y« RyX L FTOBERL LTEBAREREA LS, XE
TIIBRAREZEL 7 T ATHHENIN I T 7 E2HAT 5. HIEHN T F 7138 BERE - BS
Mok - WHIHERD 3 oD 7T 7 EBERVIBELERTAZ LICKVINIA 1 RICEBTE
B 7L LTERINDD, BYFIZTST7TREND Ry U —7 ORAEHEE I
W2t LEEARE CHETE 5.

AETIE, FAETBAKRCLDZZ Y « RyF U FIZONWTEELENEZENSS
TILEKDTZ Y - RyF U TROWTERT D2 L 2B %, FABLREK, =y Y-y
XU EBET D200 2a—VRT 4v 7 - TN XLERETD. BEERICLY
FEABTRELETAD) XL EHEBL, BAADGELFIS 7 7 ~DIFRIZ L > TEH
SNDTFTRANRHKBINTEZ L ETT.

47



48 HB5E BEYEINI/ T 7LD oY  RyF U THEOHRB
5.2 BEHNITSTIZEDTYS - nRyXxT%

BAHI 7T 738 a8 ADTRT T 7 Ky BRI I 78807 7 71X ZenWr 5
TELTEREINDD, FHEERE - EIHEE - BIWGERD 32D 7T 7EBERWSD &, LA
TOXOITEERETE D [22].

EE 5.1 SEKRE - BINGE - LHEEGERD 3OS S 7 ERPEVIELERATAZEIC LS
T, IR 1 RICEBRTEAH I T7%BWINIT T 7 L0,

(o]
—_— —_— —_—
IZ I8 51538 X 2 % 16 514558 THIR

X 5.1 EIF 7 Z 7 OF

EF 510, UTORREHED [12].
i 5.2 BEXWFI 7T 7 OREEEEIR, HEA—F—O0(m) TRODIZLBFARETHS.

HES2L =y Y- Ry ZICBT B (3.17) &V, BEXEFIHH IS 7Ly
Ry X v 7 SEXRECTHREST L, TO7 7 7 OREEHEE O TR % 2HRH C&t
%@‘5’&73373]‘%‘%'(“29)5"&7533’)75‘5 FITETOREZECENIIHD T T 7 (UUTHR

WCHHRT A MERZRWVIRY, BICEWFS 57 ERETD) KLdooY - Nox ik
%ﬁTéT”:)xA%ﬁ%Tb

5.3 IBETHT7ILIYAXL

E9 428 TR AT [BEE 1], 2D, & Rel(G) PRERQREXIN ST 75Ty -
NRyX L TOBERETHEBICE SN ETAIY ALE2EXS. LL, BARBEERKX
BH 7T 7% ROTBHMEETA T ALREERBEIN TRV, ZZTRELL
T, ALK EEEOKRERENF| T 7IZL>oTHREIND, BEISF7G=(V,E)D
ToT e RyX T Psp, BERT D 2a— VAT 4y 7 - 7Y XA PSP1(Packings of
Series-Parallel graphs 1) # LA FIZRET 5.

Procedure PSP1(G)
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begin
1  Apply the three graph transformations to G repeatedly as long as possible;

2 Pspi—¢;

3  while G is connected do

4 Q@ — the queue containing all edges in E' in non-decreasing order of edge probability;
5 G' &

6 while |Q| > 0 do

7 take out and delete edge e from the front of Q;

8 if G’ U e is a series-parallel graph then G’ «— G’ Ue;

9 end

10 G—G-G

11 Psp, «— Psp, U{G'};

12 end

end

TATY XA PSPLIE, 4318 TR LTI Y XA PSTLIZBWTARDHEIEEIT>T
WAERTCEISN S 7 7 TH LN E I DDHEEITOTND L ZANRERHITT, 20
DOEFIEIT N TY X5 PST1 LRI UHEBEIZRS>TWAD. T2 LEAETHARLEL O IZ,
3ODT T ITEBREMBEDLEETNIY XA LAOFRBEORWTRAZEH T2 2 L 23
HTEDLDOT, 7A=Y XL PSP L3 EHBENIICHAAAL TWND.

T Y XA PSPl OFEA—F—IZOWTIE, ROEENKILTS.

FE 53 MRISTIT7G=(VE)IZ7NV=IFY XL PSP1 2BRAL-L EDOHES—F—iT
O(clE]?) THBD. TZTclIGOEEKETHS.

BH

DY — MZIX O(|E|log |E|) R ETHD. BEXHIT 7 TIZ1AKDK e #BMLTYH
RIEWFN S 5 7 Tl 2 0ENOHINIL, HE5.25 0 O(|E|) OREALETHS. Step
6 725 9 ¥ T? while /L —7D# 0 iR LEEIE |[E| BILLFTH2BDT, while L—7 2k
TIX O(|EPR) £729, O(|E|log|E|) &V ERMASKEZ V. Step 3 @ while L — 7 D
VIR LEHIL, REICELNDT Y Y  RyF U JOERPUTHELVD T UTICRS.
€T, Step 32>5 Step 12 £ TOLIEIZIX O(c|E)?) RETH 5.

RERAF



50 58 EXHI ST IICLBT Y« Ry THEONE

WIZ 42800 [BiRE 2] ZEE LT AT Y XA, THROLERK (BT 7 0%)
BB RENWT Y « Ny XU e BETHTNIAV AL E2EZD. ZZTUTODE
HAERAT5.

EHE 5.4 BXH T T INLRAIEBDT Y « RyFX T PepllxtL,
|Psp| < |Psr.|
TIZTC, Perp 37N TY XAPST2IZENENDZT Y « RNyF U I THBH.

8
AR b RAEARDOD IO EIEWIIE 3777 ThDZ ENPHHRLD.

B

AERA &

DEVEEIN ST IICLDT vV Ry XU T OBERBIIE 4 |Psr.] THHDT, T
UXLPST2ICE By Y « RyX 7 Pep, #FIATHIT LW Z 03075, LAITICHER
757 G=(V,E) DBEWIN T T T7ILDBTyY « NyFx T Pep, BFT DTNV Y X
2 PSP2(Packings of Series-Parallel graphs 2) 7~

Procedure PSP2(G)

begin

1  Apply the three graph transformations to G repeatedly as long as possible;
2  Psp. «— the edge-packing constructed by calling PST2(G);

3  Compute all-terminal reliability of each spanning tree in Pgp,;

4 Let Psp. = {G1,...,G|psp,|} Where Rel(G;) > Rel(Gj) for i < 3

Q < the queue containing all edges in G — G1 — -+ — Gpgp,|

[}

in non-decreasing order of edge probability;

6 while |@Q] >0do

7 Take out and delete an edge e from the front of Q;
8 fori=1,...,|Psp.| do

9 if G; U e is a series-parallel graph then

10 G; — G;Ue;

11 break for-loop;

12 end

13 end

14 end

end
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TAITYXAPSP2iX, 7ATY XAPST2 12 » TR &Nz Y - RyF oy
Por, THIA N TWRWE %, BEXFS T 7 Ch AT Py, DERIGEML TWS, 7
NTY XA PSP1 LEAR, 7A=Y XAPSP2TH 3 DD YT 7EBENEICE LeiEEIC
o TWN3B.

T Y X5 PSP2 OHEEICHOWTIIRD EBIHKILT S .

FH 55 7Y XAPST2 & PSP2Ick VBRI NT-= Y - RoX o 2 FNEFN
Pora, Psra & T5. DL ERANEITSD.

Lower(G, Psr=) < Lower(G, Psp.)

I
o

TNTY XAPSP2ix7 /A XA PST2 OERE LN Per, DERIZEZBEML T
Psp. KT 5. Psr. = {Gl, cee ,G|1>ST2|} ¢L, G;e 'PSTJCH?EEM] L CT&ZENMF
7‘57% G,’L c PSPz&T%)C‘:,

Psp. = {Gll’ T G{’Pspzl}’
Rel(G’l) S Rel(G'II,) (1’ = 1) Ty |PSP2|)7
|Pspa|l = |Psrsl

LRBDT, 317) RMDEL LR TES.
EIRERES

TAY) XA PSP2 OFHEA—F—IZoWTiL, ROEEVPKINTS.

EH 5.6 RS T77 G =(V,E)IZTNVIY) XA PSP2 A LT- L EDHEA—F—iZ
O(|E]F) Td 3.

RN

Step 2 IZiX O(|EP?) OHERBALETH 5. Step 6 ? while L — 7DV IR LEIHK
(X% |E| B, Step 8 @ for V' — 713 4 [Psp,| BIL MRV K S 22wy, BHIEFIST T 7 DH)
EIIX O(|E]) BETHDDT, Step 6 1HIAE DA —T2ETIX, O(EP - |Pspa|) &2

5. HODIE |Pspa| < |E| THHDT, £ETIEO(E]) £725.
FEB &
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5.4 BEEERLER

541 BAKIZEDZIYS - RNyFTHKEDEE

#i$%4 3 7 (near neighbor graph) i%, BEX Y V=7 ORREZETWALT DD
EREINETT7THD[38). ST 7 L3, EFRRIC—FRSHT D n AL, &
AIZONT a BB ETOEER (BEHEOTVE) 2RO, TORDbRET /¥ LMMIEA
T TRHARE S Z 7T, N(nab) &EED. ST 7 N(n,a,b) 121X nb RO AL
ENBN, 77 T7PCHATEPFET D2REENH D, FPEER TIIEK SN2 FITK
%1$®ﬁ&bf&“,ﬁ%777¢#6$ﬁﬁmﬁﬁbﬁm;9KLtkb,H@ﬁm
KT LH nb RITIERHRW. RS2TEES T 7DFZR L. ZORNPL LMD
VR a /N EVNTE, REEPEEL TV DLELRBS kaﬁbfw&wﬁ&%
PIDEEDD D,

(a) N(20,3,3) (b) N(20,5,3) (c) N(20,8,3)
5.2 a7 7 706

BEMRBER Y NU—27 Z8BEL T, m#50 OXBERTES 7 7ok, §4%
TRELEZTNAVIY XA PST1, PST2 EARECTRELEZTNVAY XA PSP1, PSP2 %3
AL, Boh-TRAERE L. BT, 7AVIY XAPSTIICKVEEESNS TR % PST1
ET2X0, TAIAVABZEZOTNANIAY AALIIVELNRD TRERCHEEZH W

. HEHSBEOFR Y hU =271 N(50,a,b); a=8,16,24,32,40,48; b = 3,4,5,6,7,8 DIt
ﬁ&77'€ 43680 DS o LBRER D DMAEIZHL, Xy FNUY—2 % 100 @
T, AE 3600 @MDOFRy bU—7 L L. BHERIZ, BXE (0.9,1) Lo—#o37IC
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NG U FAMIRE L. BROBY, ST 7 OBEICBWTETRBER S NS
BT 1 ARKOBE BT 70w, & (a,b) DMICH T2 100 DRy U —27 OBEIIFR—IC
bR, FITC, £5.UIE (a,b) DHIIXTT 5 100 EDOXR v MU — 2 OB OFIE
L.

% 5.1 N(50,a,b) DEHEE (a=8,16,---,48; b=3,4,---,8)

b\a 8 16 24 32 40 48

128.2 139.7 1430 145.0 145.2 1459
160.5 180.0 187.1 190.3 192.0 1919
188.7 219.6 230.1 2342 236.5 2370
210.8 254.7 269.9 276.8 280.6 281.8
228.1 288.1 309.9 318.6 232.0 324.7
2414 320.2 3476 359.0 365.7 367.4

- W

00 N O o

% 5.2 N(50,a,b) IZXTHHEFIEICLD TROFEHHE (0 = 8,16,---,48; b=3,4,--+,8)

PST1 PST2
PSP1 PSP2

b\a 8 16 24 32 40 48

3 | 0346 0.355 | 0.393 0.399 | 0.405 0.402 | 0.407 0.393 | 0.417 0.402 | 0.412 0.393
0.856 0.799 | 0.786 0.803 | 0.764 0.736 | 0.766 0.668 | 0.769 0.687 | 0.769 0.646
4 | 0455 0.441 | 0.509 0.512 | 0.531 0.538 | 0.542 0.547 | 0.561 0.556 | 0.552 0.550
0.912 0.690 | 0.896 0.856 | 0.898 0.871 | 0.892 0.873 | 0.901 0.836 | 0.904 0.863
0.545 0.544 | 0.620 0.619 | 0.637 0.638 | 0.650 0.651 | 0.655 0.657 | 0.653 0.656
0.955 0.892 | 0.958 0.865 | 0.952 0.904 | 0.950 0.919 | 0.956 0.926 | 0.962 0.928
6 | 0.592 0.589 | 0.689 0.680 { 0.718 0.716 | 0.724 0.723 | 0.737 0.740 | 0.747 0.748
0.971 0.798 | 0.981 0.815 | 0.981 0.909 | 0.978 0.927 | 0.984 0.946 | 0.984 0.952
7 | 0.637 0.640 | 0.743 0.744 | 0.779 0.773 | 0.791 0.790 | 0.801 0.802 | 0.802 0.802
0.984 0.923 | 0.991 0.929 | 0.992 0.903 | 0.992 0.937 | 0.993 0.952 | 0.993 0.957
8 | 0665 0.665 | 0.790 0.790 | 0.821 0.816 | 0.838 0.837 | 0.844 0.845 | 0.845 0.846
0.991 0.900 | 0.997 0.942 | 0.997 0.889 | 0.997 0.933 | 0.998 0.955 | 0.997 0.959

%14

KL520FMickTBELE, £E, ET, ATOIEIZ PST1, PST2, PSP1, PSP2 O
BfEER L. 2T (a,b) OHITH L, AFRSCTRSE L= FEIC L5 PSP1, PSP2 23%
IR L7 PSTI, SPT2 2 KIBICKELZZ L3bod. £z (a,b) = (16,3) DHFE Zk
%, PSP1 @5 PSP2 X 0 FHHIENTND Z L B3O 5.



54 58 BEYHNISITIICILEIT Y RoX U T EOHE

RIZEFR Y P =728V T4DOTFHRPST1, PST2, PSP1, PSP2 22 Eh 2%
HBL-EREE2RS5JITR L. ROZFMWMICBIT 2R EEIZ1I00EORy hT—27D5H
PSP1>PSP2 L 7e~ 7=k, LATRERIC 2 RBIZAED S PSP1>PST1 offi%k, PSP2>PST1
DE$k, 3B BIXEN D PSP1>PST2 OfE%, PSP2>PST2 DEFKAE L. RHEilD
FOEMEIIHE L2 DO TFTRABRETH- =Xy T —7 DEFERL T 5. #Flxid,
(a,b) = (24,3) DHFE, PSP1 & PSP2 & # & L=35&, 45 BDxy FU—2 T PSP1,
Y 55Oy NU—27 T PSP2 OFBRBWVWREZ LI L&2KT. £ PSP2 &
PST2 ZHE L7=8BA1E, 93 DRy hU—27 TPSP2 BRRWEELRL, THEICOWNT
X OMNREET, PST2OEFBRRBVEELEZR LRy hT—J i 3RNI EERL TV,

£ 5.3 N(50,a,b) KT 28 FRO 11 LBHER (a=8,16,---,48; b=3,4,---,8)

PSP1 > PSP2
PSP1 > PST1 PSP2 > PST1
PSP1 > PST2 PSP2 > PST2
b\a 8 16 24 32 40 48
82 38 45 56 49 62
3 | 100 100 |[100 100 | 100 90 | 100 74 100 80 100 71
100 100 | 100 100 | 100 93(7) | 100 82(18) | 100 87(13) | 100 81(19)
98 78 79 64 71 66
4 | 100 100 | 100 100 | 100 100 | 100 99 100 87 100 94
100 100 {100 100 | 100 100 | 100 100 | 100 91(9) | 100 97(3)
82 99 94 89 89 96
5 1100 94 100 100 | 100 100 | 100 100 | 100 100 | 100 100
100 95(5) { 100 100 | 100 100 | 100 100 | 100 100 | 100 100
100 100 100 100 99 97
6 | 100 100 | 100 99 100 100 } 100 100 | 100 100 | 100 100
100 100 | 100 99(1) | 100 100 | 100 100 | 100 100 | 100 100
100 98 100 100 100 100
7 |100 100 {100 99 100 100 | 100 100 | 100 100 | 100 100
100 100 | 100 100 | 100 100 | 100 100 | 100 100 | 100 100
99 100 100 100 100 100
8 | 100 95 100 100 | 100 94 |100 100 | 100 100 | 100 100
100 97(3) | 100 100 | 100 96(4) | 100 100 | 100 100 100 100

BELIETNVIYXMIED 2OOTFTRDSH PSPLIZSDWTIE, 2TOXRy NT—F



54 BEFERLEZE 55

iZxtL PST1 & PST2 DALY BWKEZRTZ ENTERL. —F PSP2IXEHE 5 TR
L7=i@Y, PST2iZxt LTI CREU EOREELRTH, PSTLICK L Tidsd LKA
2 ERED EIEE R

FAERE L 2 2O TR PSP1 & PSP2 OFALICBAL T, £&MIZiIX PSP1 )
DFEENE. b/ EWIEE PSP2 KB 2 FIABTERNH 503, o IZE L TEREM
BRONBNZ EEZERTDHE, £5150, BEMPZWIEE PSP BB THD LIFEW
gihev., FZT3600 BORy hU—2iZxtL, PSP1/PSP2 DEARREIEICEAL T
oy hL7z. BREXSIIRT. Z I CHEARERUTOL S ICEHELE.

(PST2 THIFH &7z > T OARE)

(PST2 CERL S 7= BBk R KA DA H0)
BEREIENRKEVEY, 7ATY XA PSP2ICBWT, BAK1AY 0 ISENT 56
ERDEDEFNLNZ L2 D. BIRITEAKRRIED 0 DFEIE, PST2 2B NTETO
BEHBFIH ST PSP2 IZBWTBINT 28032 <, Psp, = Pera £ B ZEERL TV,

(BARRIE) =

PSP1/PSP2

R

0 5 10 15 20 25
Edge Residual Rate

@ 5.3 BARIEICKT 5 PSP1/PSP2 OfE

5.3 HECRRIEN K EVIE L PSP2 DX ZREED L35 Z L SRR TE 5. 1Eo
T, 526N 7 LT NAT) XAPST2 2EA L-HER, BREENKEI RS
X975 713L, PSP2A PSPl L VREENEL RAHEMNBKREL 2D EMFTES. L
NDLU—HRICERFEORE JZ 77 7 OBEIERET 72D, Bxonicr 7 7L,
PSP1 & PSP2 D ELLOEBBEENRVIZTRIT D Z LITEE LY.
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5.4.2 REAEGHEEOEELDHLER

FDOEBRTHRBL LicRy N7 I LREEREOCRELFE L. RaffHED
FHRIIR (3.3) DHIBRMENEARXE I n 7F MELTITo . T L ZBIHAIC Rel(-) D
FHEEZT OB EFOHTOT, Rel(-) OO LEIED 10048272 L &, HEXRD
Zy MU=/ OREEEEIERANLRENCHET 2 Z LITRWRELHI L, FERA
REL UCEELE LRI L. ERICHERTRL AN T2 E CORMITFR Y FU—27D
BEICLVRERDD, BEZ 210~250 W TH-o7z.

REBHEDEMEPRDODDIENTELERXY PR L, FRXTRELZ 2D
OTNTY XLPSPL, PSP22EAL, HBOohd TREZEFELUKT L ITLY, T
Y X LDOHEREEZFHME L. £/, BEEPRKILICERLI Ry NV —7 10 M E1E
BEOTRERDDEEHRTANTY XATBAIZLDZFHEISACREIN T WD,
Xy hU—7 FOETORMELR—O 095 (HXMHE (0.9,1) D— &5 OEHE) IZFRE
L7254 @ Ball-Provan D FTREZZBZ01-DICHbETCHE L. vy FU—7 OE&EIX
B L CHOEBEROMMNPRR D=, —#iZ Ball-Provan @ TR & LB L CTHRE OES 52|
ETHZLIITERVR, KETRELETAITY AAOEER#TIET IV ESOERIC
BBHTHA). FHMERBREE 54, 551ICF LDz, KB Rel(G) (TR BEHEOEM %,
Low(G) iZ7 A=Y X5 PSP1, PSP2 ENENICEVBONTETROS S, LVBEDOR
ol FDTHR, B-P it Ball-Provan D FREZR L TVW35. Low(G) # Ball-Provan O 5
CHEBELT, BERBREOKELRLTVWD I LBLND.

& 5.4 N(20,a,3) IZBIFTHRE L FEIC L D THROF M

Number of Average of
a computable networks Rel(G) Low(G) B-P
5 50 0.99890 0.96133 0.97803
6 35 0.99930 0.96647 0.98187
7 11 0.99927 0.96086 0.98531
8 6 0.99944 0.96707 0.98446

Average 0.99911 0.96338 0.98051
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& 5.5 N(15,a,4) iIZBITDRE LI FHEIZ LD THROFE

Number of Average of
a computable networks Rel(G) Low(G) B-P
6 48 0.99998 0.98927 0.99889
7 28 0.99999 0.98911 0.99907
8 28 0.99998 0.98837 0.99904
9 9 0.99999 0.98744 0.99899
Average 0.99998 0.98887 0.99898

5.5 HnHYIZ

AETIE, BXFES ST 7Ly Y Rox U FERVTRAEEECOTRE2Z
HABERTRODDZ 200703 Y ALERELE. BELETATY XANIE AZTRE
LEBAARICE DTy Y« RyF U TEETERIETZ LD THDLDT, BROKHERH’FE
—TRVWER Y P —ZIZH L THRARBEEOTRAZEHTE 5. HEESRICLY, BK
KiICEDT oV - RuyF U ZEPRDDTRELEBE LT, BMRKKNOLEISNT T T ~DH;
BICL > THEHET A TROBENKIBICHMELZZ L 2HRLEZ. RABEECEMES
BTEBNEDDORY N2/ L, BELETAIY XL 2EALTREZRO CEHE
BX U Ball-Provan O FTRELERLIZEZA, TRELTHSRBELTRT I L 2R T
X/, —F, BELEZ 2007 AT ALOMELZHETHE, BERERHIENFIEHL S
T 7 AERORAEHEES2RI AL KRELTEINICZy Y « Ry X U VT E2EETHFIET
HBTNTY XL PSPL OFR, BERLLDIEWFHS T 77 0EERDAEL 2D K
ICEy Y« RyF U T BRI IFETHDZTNALIY XLAPSP2 LV B BEORWTR
PEHTAEANRDD I EEHER L. LL, Z02007 /I Y XADELIIRRE
5%y N — 7 OFEIEFETIOT, BT ELLDFEBENRTVD LIFES ARV,

KETE, ToV - RoXr7E2BRTIHH5 77 7L LT, BRRKEELTIT 7D
FATHDIEWSHN 7 7E#FA L. RRRRERE LT, BEXINT I 728075707
T AT, ZEBHTZORAEEEZHETCEILDET YV - Ry F U TOERL LT
BRAT2ZE83B2 NS, EBRICZEANSE CHEFERS S 707 7 A 20K T 58
FNIBEANATON TS [29, 64, 65]. 7272 LZEXNRB CTREHE T2, =y



58 FES5E EWIITT7ICEDTyY - RyF U TEORER

Ny X T OB LZERNRFRTITILERSH LS. —RICKVKRERITABTS
WEEEELHET BE, %I,Eitﬁ%%ﬁfv?r%?éf:bb:fﬁ%lﬁx%‘ﬁ@’f‘—& THETD
VERSHDLZ %L, B LI3ZEXERTH-oTH TR s 7 A LEGBEIZE»2 D
ODH#Faﬁziﬁm)z) ZEBBN. XVRERIFRAIBTDHI T 7KDY - RyF 7k

BICHBRBB»DN D ERTFRINDY, FETRELLFECIDZITRIV OEE
BRNWZ EBHIFFTE DO THEHRIIIER ITHKELS, SRERIHRZED THE V.



¥ oxayl i — -
6

56

BRIAY FIO—VEBEEIZKSTTO—F

6.1 [FLOHIC

ARETE, ARAXyY V-7 BT 5FEHEEZFRTLZLICLD, REFREOTH
FEHT D HEICOWTERD. BIEE T, KICmEDRWERRyY b U —7 2XRICEE
ETTHOTCNER, —BRICRy NV EHEEZBR T H5E, RICMERHS5FAMAR Y b
U—2 3BT IHBELHD. BRIy bU—27 OFHEE %2 8|5 RED—DIZ reachability
BB, M. O.Ballidhr 27 7 7EBIC IV ERMR Yy FT -7 2HAMAR Y b —7IZKH
Lzt &, TOEMIRy N —7xT5REEHEEL, MEIWTARMER Y bU—7 2%
3% reachability 23 [F UMEIZ/2 B Z L &R LT [5]. T7hbb, MEINZHRMEXY FU—
27 \Z%3 % reachability D TR, TDORy MV —J kT 2REBEEOTRIZRDS. =
DEBZFALTAETHE, M. 0. Bal KXWV RESN 7T 7 EHIZ L > THEFE SN
BHEEXy NO—ZIZXHL, THA IV v I T 53 T72BRETDHT—7 - Ry X T2 iBE
L, A%y U —27 %% 5 reachability D FTRZEHTI7 VT AL ERETSH. £
REDZTNAY XA ELESECRELCENSN I T 7LDy VNN yF U FJHEICED<
TNAY ZLOHRELEEERICI D BT 5.

6.2 EIEHEE L reachability

48 A={ay,...,an} EAETEIEMT 77 D = (V,A) ICHEREZAM L7 b D2 EEFM

99
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4’5 7 (probabilistic digraph) &5, HEERES T 7I3AMF Yy NV —J 2 KRBT HET
NO—2r LTHAEND. E72FMA Y NTV—2 580 RBELTVWLIENEHATHLD L
X, MEHWNIT T 7 BIUIHETTIT7L NI LHEN. BEREWMZ T 7RRTAHBR Y
FO—2ZZk LT, BREEICERT, 7—273b2METCHET S LIRETS. 3.1
TERBR Y PT— 7% LT 12 DMDIRE S EDR Y bV — 271 LIRRIZIT .

REAIT7 D= (V,E) B 5T —2 a € ARERChHORELT—7 a DT —
4 B3 (arc probability) &V, pla);p: A— [0,1] TRT. BiREES VIO LD REDH
B s MBMOETOREIRIL, EFERT— L TEEMRETHIHERERY NU—27 D
DEi A s 1B D reachability &V W, Conn(D,s) TET. 2D & %, Him s %R (root) &
W, s BNBHATHS L E, Conn(D,s) IFEIZ Conn(D) LFE XD, reachability i3H
MRy hT—7 DEEEO—D2THY, HEEERELRE, ZOELZRDLREEITHP T
2Th 5 (17.

BRIy NU—7 LHAME Y N =2 ICHT 2R bEARNRR Y PV —JBHETHD
MEEEELAREEE I, UTOEECATRTEARSH L EAMbA TS, £7
AL EBROEREZITD.

EE6.1HEI/ST77G=V,E)53HFTI3Ke=(u,v) E2EKDT—7 e; = (u,v), e =
(v,u) ICEBRTIEHEEZD. 727201, ple) =pleg) =ple) & 5. ZOEFHBEFHES
EZBT2L2TORKIZOWTHEALTEONIHFERMS T 7% D = (V,A) LT5. &
DHERTF7 G =(V,E) WoRERFMT 77 D= (V,A) ~DE#H%HEIEERR (directed

transformation) & V9.

EFH6.1LV, AL |Al =2|E| THD. M. O. Ball[5] ixB B LEHRICEET 2L T D
ERZ I L7-.

SEH 6.2 D= (V,A) LS 57 G = (V,E) ICHFLERE T L CELN-HEE M/
F7LTB. ZOLEFHEERSVHOEEDE A s TR L, READPKILT 5.

Rel(G) = Conn(D,s). (6.1)

EH 6.2 L 5T, EAFy FU—27 G ORBIERE Rel(G) DTFRIE, G IAEIIE
AT L THBE LA T v h U—27 DO reachability Té% Conn(D) DTHELELWNZ
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BB, DEY Rel(G) DTRERDDDICEBEFHET 5DV IZ, Conn(D) DFH
EEHBETHIEICEY Rel(G )@Tﬁ%*bégkﬁlf‘%é. AT CiX Conn(D) DT R %
HET 5 HEICOWTRITA.

6.3 T—U - NuXxJITLEBREEHEEOTRERE

BRI 7IZH LTy Y  RNRyF U I E2ERLEZL I, BRERIZ T 712 L TR
RIS THDT—7  RoFX U TR ERBTHIENTE A,

EE 6.3 AT 7 D=(V,A XL, SEAVFOLTORERL, BT —7#
KRz ADEGGT T 7 DES

P=AD1,...,Di|D; = (V, A), Ai CA, AinA;j=¢ (i #5)}
ZF—9 1INy x> 4 (arc-packing) &£\ ).

COERIIERERZ 7 7ICH L THRIBRICARENS. T—27 « XX o0, L
TOFRERBEIT 5 (17].

FH 64 MEAMIZ77 D=V,ABT—27 + RNoux 7 P={Dy,...,D}}) 2H-OL
X, Vs € VIZR LIROFRER BT 5.

Conn(D,s) >1— [] (1 - Conn(D;,s)) = Low(D,s,P) (6.2)
D;eP

7 (6.2) ZFA L T reachability D FREEH T2 HEEZTFT—Y - "y F T % (are-
packing method) &FES. 7—2 - N X TEb oY - RoF U 7EEREIUL, BRESR
PRI EIZRBRS>TNDEI Ry PU—ZIZHLTHOEATRETH D &) K& K5
EHELTWD

X (6.2) IV, EED D, € PizxtL, Conn(D;,s) DEERBR THEATEXE LS54
T—7 RNy F 7 PrLAEARB THEE TENE, Conn(G) D TR Low(D,P) % ZHER
Befd] TRHR T & 5. ZTERFHE T reachability Z3tEFEER AN S T 7D 5 b, HbHHEED
ERiROPHEBAARTHS. HimsZRETIHMBRAT = (V, Ar) O reachability i3,

Conn(T,s) = [] pla (6.3)

aCArp
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LEITB.

VA INEEERNERNT T 72 THAL91) 99557 (acyclic graph) L5, 7THA
7Y 90757 D=(V,AIZBNT, HsecVHILOETOHRITBETRETHD & X,
D® reachability IZIRATEZX LD (6] :

Com(D,s)= [[ {1- [I (1-p)}. (6.4)
veV = {s} acA(Dw)
ZZTAD,v) X, BiRvERRLTET—IDEATHD. LI, R s BPho2TOELE
~NEERBETH DI T YA 2 Vv I TT7 7% s-@BT7H4A4 ') 9% %57 (s-spanning acyclic
graph) LFES. Popk s-ETH ATV v I T 788D T—20 - NoF 735,
Low(D, s, Psa) I3 ZHXRFE CTHEAFETHD.

e 0 BIZIIHERF M S 7 7 DD reachability Téh 5 Conn(D, S) DF 5 Low(D, s, Psa)
DHEENRLS 8D (EXPKRELSRD) X5, s&BT VA7V s VI8 57—
7 e NRyHX T Poy B BERFFBTHETLZLTHD. ZOREEZUTORBE{LRHE
PSA(Packings of s-Spanning Acyclic graphs) D= TK 7.

R PSA
Maximize Low(D,s,Psa)=1- [[ {1—Conn(D;,s)}

D;c€Psa

Subject to Pgyg : s-BIRT VATV I T T 72X DDT—7 « RoFF

RIE PSAIZH#P REETHDI L RENTWAR, RMEDE ZAZDERIZEN TV, R
R PSAITH LT HEAE LRk, LITO 2 00BEEREZ .

(B 1] : Conn(D;,s) #RELT 5.
(Bl 2] @ |Poa| @RELTS.

RIIVZNG 2 DDOEER S —MRITITAEVIZHEIZ LRV,

SEHRLE LTWDIHEREM T T 7, BRI I 72 BMEERL THEELLT T
ThD. BOERE cOWET 77 GUABYLEBREZK L CHRERN S T 7 DPBE LS
B, [ERBE 2] IZBE L TiX [Psa| < c EVVIBRBRINTWVS [17].
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6.4 IEETH7ZILIYXLA

6.4.1 Ramanathan & Colbourn 2k 3 AEDEKIL

A. Ramanathan & C. J. Colbourn %, s-£8BT7 VA7 Vv 7 7o 7n6712% D =(V,A)
DT =7 « RoFX U TEEBRERTE 2007 Fu—F%7 L7 [69. UTicEzhoidTAA
U XA CRIBT B.

Approach 1
1. D25 s #R & 7 5 reachability & RKOFHBAAKEZIREHL,
PsalZ BT 5.
2. YA IZNBTERVEBT, DRDOT—27 27 — 7 HEROEVIRIC
PsaHOERIEMT 2. BMULT —2i3 DILHIBRT .
3. AEMBRABRONL D FETStep 1,2 28 0ET.

Approach 2
1. Do cflD s 2R LT DT — 7 BERBRARE R E 1T
2. VA ITABRTERVERT, DYRFOT—7 % T — 7 HEORWVIAIZ
PsaF OERITEMT 5.

Approach 1 T reachability xR &R DB FBARE ROTHILERH DD, HEm s
F7OBELERRICER 412FAT I L0 Lo T, BRAMAZ RO S Z LIZRET
BETHD. BEREMAAIXR E Tarjan D7 ATY XA Bl REICEVBELZLNTE B,
%7z Approach 2 IZ¥1T5 ciX, AFRMLEREZBEIRIOMEES 77 G OFERETHS.
Y. Shiloach D7 /N T Y XA (75 VD L, s &R ET D cBOT— 7 PR B MBRKR%E
HEHTZENARETHS.

EROT 70 —FIZE 2 DOFRBRERDHD. 1203 T —7 « Ny F T Pyl DFD
T2 HBMTEHERRRMELRIETHD. BMTET7 700 TUET— 7 EDOK
ZWETHDIN, BMENDZT—7 « RoF U FHROERIZOWVW TR EOERIIR LB
TEHDOPEFERBRIN TRV, F 2 TEL DRI [69] N TITON TW A EIEF 2 BB
LT, reachability DK Z 2ERIFLEEMIZT— 7 ZBMENE, LWV EETHSITE
ZTWDEEHL.
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ROFTBRAIL SR s ORINEUETHD. EHO6ATH s X VHOEEDOH AL LTVD
M, EERIZTNVTY XLE2ERT 2O EENRRIREELAETILERDS. &
WTENEEOND TR Low(D,s,P) DRBENPRLSRD L IR L. s-287 A
IV I T 7B s #RELTET—I5FTHILIEITERY. IoTRIZIR s 2 F
il ToE, sERRETDET 2137 —7 - RoX L THOLD s- 2T H A7V v
77T 7ICbEERR. BB 1] XV, 2T YAV v T 7D reachability 25
X72BIZETH Low(D, s, P) DWEIRXRL 2D, T—I7HEOBNT — 73R 5T—
T e RyX T KT DT — 7 L LTRIRALIZWD T, REXS T —IHERDOENT —
I EEBEETOEAERSICLEFBRBVI LB THEND. T2 TR s OBIRERESLLL
TOLITERELE.

ZQGA(D,S) p(a) EaeA(D,v) p(a)
AD,s) = JAD,v) (6.5)

TZTADW) X DIZBWTHERvERRETHT I DEETHD. TRbLLEGSEK
RETDT =7 DEHT — 7V BERPEBBEVFH R LR s &9 5.

FEOFEAEEZEICANT, A Ramanathan & C. J. Colbourn iZ X % Approach 1 &
2 % BEMye 72 XA RCL, RC2 (RC id Ramanathan & Colbourn MEEXLTF) & LT
LUFICRERd 5.

Yv e V;

Procedure RC1(D)
begin
Determine the root s by (6.5);
Psa — &;
while D has a s-rooted arborescence do
D’ «— the maximum s-rooted arborescence of D;
Psa — PsaU{D'};
D—D-D,
call DISTRIBUTE-RC(Pgg4, D, s);

end

© NS N e

end

Procedure RC2(D, ¢)
begin
1. Determine the root s by (6.5);

2. Psa={D,,...,D.} < c s-rooted arc-disjoint arborescences;
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3. call DISTRIBUTE-RC(Psa, D~ D; —--- — Dq, s);

end

Procedure DISTRIBUTE-RC(P, Diemain, S)
begin

1. Q « the queue containing all arcs in Dyemain in non-decreasing order of arc probability;
2. Sort all s-rooted acyclic graphs in P

in non-decreasing order of reachability and index them again;

3. while |Q|# ¢ do

4 Take out and delete an arc a from the top of @;
5 for i=1,...,|P| do

6. if D; U a has no cycle then
7 D; — D;Ua;

8 Dremain “ Dremain — @;

9 break the for-loop

10. end

11. end

12. end

end

7= Y X 5 DISTRIBUTE-RC PO Diic7 — 2 &iBMT BB TIE, D;Ua B9 A 71
ERCRTNTENMZRRT D, EWVIFREEIToTND. T—7 « XoF 7 Pl s
BT YAV I T T7THIUERDDN DI s-BMT YA 27V v 7F7Th
DT, DiUa DBV A I NEEERINEs-ERT YA 27V v 725,

IhoDT LI XAAOHBEEICE L TUTOEENKITTS.

EHE 6.5 P={D,...,Dp)} BRI TT7 D= (V,A) DT =2 + X% Y, Dremain =
D—Dy—--—Dpk$2&, 7A=Y X5 DISTRIBUTE-RC(P, Dromain, §) DEHEA—
Z =13 O(| Aremain|(IP| - V] + |A])) THB. ZZC, Dremain = (V, Aremain) TH 5.

B

D;,=\V,A) £T5L, DiUaWsEBTYHA 7Y I 757 ThHaHHEE§ 508X
O(|V|+|Ai|) TITA2 2. 7T—27 - RNy F U TOERIFEWZT— 7K TH B DT, for L—7
DRBEIIFm A O(|P|-|V |[+]|A]) THB. > T while L— T DAL O(| Aremain||PI(|V [+ A]))

T, FOMMONEITZ DM Y W {EWA—F —TEITERETH 5.

El_l;
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AEBA#

EH 6.6 kRS 77 G = (V,E) DEREEY ¢, GIZAMLE#REZE L TEEINTHE
FEMI 7% D =(V,A) &35, ZokE, 73y XARCHD) DHEA—F—X
O(cJAPP) TH 5.

o

BRAEMBRAZ RO 2703 Y XALO(|Allog|A|) TEITARETH H. £z while
N—T 3B xcBILEYIRET, 7= |E| > V]/2 LY, |A]l> V]| 2ZBICANS &,
7= Y XA DISTRIBUTE-RC O idE 4 O(|A)?) & 72 5. #-5 T while V— 724 T
O(clA]?) L725.

ENLERS
EE 6.7 XS T77 G = (V,E) OFEREY ¢, GIZAMLEREZ R L CEEIN-RK
REMIT77% D =(V,A) &35, Zo&x, 7AAY XA RCYD) OFHEA—F—I
O(max{c*|V|(IV|+ |A]), |A]?}) TH 2.

e

cADT — 7 PERBERBAAIE O@|V|(|V] +A]) TRDBZERTED. ZORIAT
57 =Y X5 DISTRIBUTE-RC 125V C, |P| = ¢, |Dreman] = |4| — ¢([V] = 1) T
DT, WMERERILE 4 O(A]P) £125.

AERAR

6.42 RBT7—IHBT7TILIIVXLOHB

7A=Y X 1 DISTRIBUTE-RC 12 F R Low(D, s, P) DREE® LT 5728, Domanlc
BRoTWBT— I %7 —27 « RNRoX T PDERTHD s-EBT VA7V w7 7T 7Y
A I NVBTERVEEHTEMLTND., ZOBERLI L T—IHEORB\T —J %, 85
~< reachability DFEWERITEML TWDH, FORREEIIXAOESHELRIESI N
TWRWY., ZZTIHEMT D77 ag € Deemain L I BMENDESR Dy € PORIRKLHEL 1R
Z£15. BEANIZIITR Low(D,s,P) DEEZHRORELTHL I T —7 - RoFr 7D
BRLEMT DT — 7 OMAEYR (Dy,ap) ZRINRTHEMELIEETH.

UTOEBROFIRE LT, BEFRMZT7 D = (V,A) FOEEDT —2 a 225\ T
0<pla) <1, T¥bbpla)#0,1&L7 5.
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TH 6.8 PEHREWMI 77 D =V,ADsEETH A2V v I 7571 EBT—7 -
Ny%, v(a) 27— ac ADKER, AD,v) % DICBITHEHR vEKRRLTDIT—
IEEGETD. E,

QD) = I {1-pa)} (6.6)

acA(D,w)
ETB. ZDEE, T—7 - NuF L ITHD—BEBR D) € PRHDT—7 apg&ilBMT D Z
& Lo THMT B DD reachability D T 5 Low(D, s, P) 1%, IROBEIZHHITD.

Conn(Dy, s) Q(Do, ve(ao))
p(ao) - 1 — Conn(Dy, s) 1— Q(Do, ve(ag))

13
FTUTOL I KRB ZERTD.
Dy, ve
6(Daya0) = plao) - 1 2 emecels, (67)
Conn(Dy, s)

A(Dy, ag) = 6(Do, ag) - (6.8)

1~ Conn(Dy,s)
K (6.4) £V, Conn(Dy,s) & Conn(DyU ag, 5) DZEIE ve(ag) BT 2HEHDAHRTHD. Lo
TULTORBEILT .

Conn(DyUag,s) = 1T {1-Q(D,v)}| - {1 —Q(DoU {700}: ve(ao))}

veV —{s,ve(ao)}
Conn(Dy, s)
11— Q(D07 ’Ue(ao))

= Conn(Dy, s) + Conn(Dy, s) - p(ap) -

- [1 = {1 — p(a0) }Q(Do, ve(ao))]

Q(Do, ve(ao))
1 — Q(Do, ve(a0))
= Conn(Dy,s) + Conn(Dy, s) - §( Do, ag)

T—7 - Ry XV T DEZFR DT —7 ap% B L7z & X D reachability D T 5% Lowg &
T35,

Lowy = 1-— II {1-Conn(D,s)}| {1 —Conn(DoU ag, s)}
DGP_{DO}
1 — Low(D, s, P)

=1 -{1 — Conn(Dy, s) — Conn(Dy, s) - 6(Do, ao)}

Conn(Dy, s)
1 — Conn(Dy, s)

"~ 1= Conn(D,, s)
= Low(D,s,P)+ {1 — Low(D,s,P)}-6(Dy,s) -
= Low(D,s,P)+ {1 — Low(D,s,P)} - A(Dy, ag)
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T—20 - RNyX U TOBEFE DT —7 ag% B LT & ZIZ, reachability ® FROEEMSy
i% Lowy — Low(D, 5, P) T&H D DT, A(Dy,ap) DIELBIT B Z &R 5hD
ENRERES

EHE 6.8 EMICAN, BLBENRRL LD L7 (D), a) PHAEEZRIRLTT—2 %
B4 57 A=Y XA DISTRIBUTE % A FIZRT. 2B, AremaintE Dremain DH T3 7 —
JEETHD.

Procedure DISTRIBUTE(P, D;emain; S)
begin

1 for each Dy = (V, Ap) € P do

2 Calculate Conn(Dy, s);

3 for each v € V do Calculate Q(Dy,v);
4 end

5 for each ag € Aremain do and each Dy = (V, 4p) € P do

6 Calculate A(Dy, ag);

7 end

8 while Diemain has an arc do

9 A(D*,a*) « maxA(D, a) where D € P and a € Aremain by using Qaey;
10 if A(D*,a*) =0 then break;

11 if D* Ua* has a cycle then

12 A(D*,a*) « 0;

13 move A(D*,a*) to the bottom of Qa(sn);

14 end

15 else

16 D* — D*Ua*;

17 Dremain < Dremain — a*; Q(D (@)
. * vo(a*

18 Conn(D*,s) « Conn(D",s) - [1 +pla ) oD, vu(a ))]

19 Q(D*,ve(a*)) «— {1 - p(a’ )} Q(D*, ve(a )),

20 for each ag € Aremain dO

21 if A(D*,ag) # 0 then Calculate A(Dy, ag);

22 end

23 end

24 end

end
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L, T—0 ae ssRIRT I A7V o057 DIBNT A 5EZ2D. T5&,

Q(Do U ag,ve(ao)) = {1—p(ao)}- Q(Do,ve(a0)),
Conn(Dy U ag,s) = Conn(Dy,s) + Conn(Dy,s) - §(Dy, ap)
— Conn(Dy, 5) {1+ 6(Do, ao)}

£ v, while L—FRICEIT B Conn(D*,s) & Q(D*,ve(a*)) DIEIZH$ 2 EHEDIE Y
HRHERTED. DemainPPT—7 BT —27 « N X TOBRIEMIND DITHE~
—~ETHDIDT, T—7 - RoXr T P dBIZT7T 7K THY, 7T—27 OBMTFI
PAITNPTERVWEBTIT) DT, PoaDPBERIIFIC BT HA 27V v I 777 Th
5. Lkicky, 7=2Y XA DISTRIBUTE DIEYU MR TE .

T EY XA RCHD) & RC2UD,c) iZBWT, 7A=Y X4 DISTRIBUTE-RC %27
NFY ZAADISTRIBUTE ICER L7 b O ZNENT VT Y XA PSAY(D), PSA2(D,c)
LERRTD. HEA—F—ICEHLTUTOEENKILT S.

iﬂ 6.9 TII/:i‘ U R b DISTRIBUTE(P) Dremailh 'S) ®§+%j‘“— ﬁ‘_‘j O(‘PlzlAremain‘2) S
H2D. ZZT, Dremain = (V; Aremain) THD. F2T7 NI Y XA PSAYD), PSA2(D) DFEt
BEA—F 3TN Th O(GAP), O(E|A)P) TH 5.

slEBA

Step8 %> 5 @ while /L — 7N TR S K D252 FR X Stepl2 DA(D,a) DR KE
® RO BNET, TOHEA—F 1% O(|P| - | Areman|) TH 5. while L—FHD
SFEZ — AT 9 & Diemain P EBEFRD 1 DHH D, HDERDA(D,a) 23012722 DNT
h»Thsd. L-T while L—7 D058 LEIEIZE % O(|P] - | Areman|) FITH B DT,
while /L — 7" 2K D IREERENIIE % O(|P?| Aremain[?) T, while L —7 LA DOLEIT T &
D bIEWA—F —TCEITARKTHD. Lo TT7/TY XA DISTRIBUTE(P, Dremain, 8) P
A — 1% O(PP|Aremain]?) &£72%. TATY XA PSAL, PSA2 DFEA—F—i%

1P| < ¢, |Aremain] < |A| XV EHTE S, )
FEBA

6.5 HEEERLEL

AETIIRTE E CICBRE LT AT Y XAOMREABEERICL 0 FFET 5. BEER
DORBEFy hU—2 & LT, 5418 EFRRICEES 77 N(n,a,b) R L7z, LITEE
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Dicd, TIT) XARCL, RICLIBEFHEDOTREZNENRCL, RC2LL, 2
DDTFTHROIBLBEEDORWE% RC &7 5. REkIC PSAL, PSA2 27 /,v=2 U XA PSAL,
PSA2ICLDTHREL, PSAZBEDRWEE L. EHETIIEWSIIZ T 7iIcLbTyd:
Ry X TR BETHTNTY LTI Y XAPSPL, PSP2 28R LN, Z0LHOT
NAY AL L DBEEEEDOTRDOI S, REORWS%Z PSP L9%. (7-REEHE
DE[E% Rel 75, BMEEROEOHOTa s T At CEFETIE X4, Dell Dimension
XPS R400 (CPU:PentiumII 400MHz, Memory:128MB) L CEBR % 1T 7=.

6.5.1 TROBEEDEM

BEEEEOEMELEEBE L TETA T XAREHT 2 FTROBESTMET 570, xt
BDOXRy N — 7 DRE SITHEY2ERINCTRAGEENHE T2 L 5/MELx v b
T—2 %% e Lz, BiEn=15 b=31CxLa=3,69,12, b=4{ZxtLa=4,68
Ll ENENDOHEICKL 50 BORy hU—7, G5 350 @Oy U — 7 Z4ERL
L7z, BRI (0.9,1) EO—BS/mIHESI bDE L, TUFLIRELE. FRE
NOXy NV—Z I LETNTY ALZED TR, BIUORAEEECHEMBEHELX.
Xy NIT—I/NRBETHDDT, HETNTY XLAOETERITFEECEL BT &
IIRARETH - 7. ETRERIC OV TL 652828V T, KRRy U —ZiZx LT
BFEEZER L CGEHmT 5.

RC1 & RC2, PSA1l & PSA2 DH#

350 D> U —27 %45 RC1 & RC2 & DEBHEREX 6.11TR Lz, Bk >
N — 7 O ER L, Kt RC1/RC2 DE2ET. SROKERIL 2 DOTFTRIE
LVMEZFFOBEEZR LTS, 350DORy hU—2ZxtL, RC1 BB TW=DA3 129
8 (36.9%), RC2 MBI TV =D 220 {8 (62.9%) T, FUEZRL7EZXY bU—I 0812
Holz. SEOERTIIRLPLRC2DFEF B RCL LVENRTWAEBEEZRLTNDR, Ry
O — 7 OB Z DI, ZOXHZELLOFMER TS E WS EHEIIHEL 5.
FhT U FAIRRLIZEODDOFR Y NU— 7GR L, BHMBOSTHEMENS ¥
AMIRELELTRCI & RC2ZHETAZZLIZLY, 20O TROELBRXy NU—2
BEICHRETFEL W IONENZIEHME LY, BEDXy U — 7B L—FDOTF
AP EABRBREROGAICH LTHRBENRRY, W) Z&idhkehote. ZNHOERN
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—
o
w

X
x %
o~ 1.00 % ;s%
& X X
~ X X X
5 %
& 0.95 X x
% x
X x
0.90 =
25 30 35 40 45 50

Number of Edges

® 6.1 N(15,a,b) 128112 RC1 & RC2 OL#K

b, 229D TFHRRCL & RC2DELITFXy N —27DHE LD I L AKERDOSHFIREEIC
M ARIFET D LRS-, PSAL & PSA2 I oW T hEEkDRER E 2o 72,

Procedure DISTRIBUTE O#&E

Procedure DISTRIBUTE DO# R 25+ 572%, EFE 350 HOXRy hU—2ZiZxtL
RC1 & PSA1, RC2 & PSA2 Z#H#k L7-. RiZF DLULBFEREZK 6.212, BEOLEHRRE
6.31Z8 L7z, [06.2& X 6.3tz PSA1/RC1, PSA2/RC2 DfEZR L TV
5. RBOKEBRIILEST D 2 > OTRAPEMETHLr—RAERLTWD. EHELDH%
RTb, KEHDF Y bU—271Z% L Procedure DISTRIBUTE 28 FRDWEE % EiF T
LT EBSME. EECEEIE, K628\ TiX 339 (96.9%) DXy hU—7, X6.3
IZRWTIE, 33718 (96.3%) DF v U —27 i3t LEEZ EIF T\ 5. N(n,a,b) iZBiT5
a DEPREL RDITEZOEMIT®ELS 2V, N(15,12,3) ®° N(15,4,8) DETDF v |k
7 —271Z%t L, Procedure DISTRIBUTE R TFTROBE S Lif7/-Z L 2R LT-.

PSA, PSP, Rel &EDHE

FPARBETRRELZT/TY XA Procedure PSA1 & PSA2IC LB TRD I LEEDOR
WHTHDPSA L, ESETHRELZ2ODHFETELNDITRADIBEEDRWSTH
% PSP & &5, 350 DOF%y hU—2 Ik LB LR Z X 6.4128 Lz, itk
X PSA/PSP D% %4, SEHRE L FEICL 2 TR PSA X PSP LH& LT, 172 &
(49.1%) DR > b T —ZIZOWTiEEN, 178 f8 (50.9%) x> T — 7% L Tid% > T
Wz, 72K 64005, Xy NU—7 OBENEMNT 51204, PSA ®FH PSP LY EN
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-y
-
(3]

—_
-
o

X

X

1.05 |

1.00 <§§§§§§§ i iilii TS

0.95

PSA1/RC1

25 30 35 40 45 50
Number of Edges

B 6.2 N(15,a,b) 23175 RC1 & PSA1 & Di#

X

1.05 |

—

§X
P11 x%iiiiiiliiiililx

X

PSA2/RC2

1.00 *--

0.95
25 30 35 40 45 50

Number of Edges

B 6.3 N(15,a,b) (25175 RC2 & PSA2 L D H#k

HEMRHDZEBRTEND. EERBEIICLY, N(n,a,b) IZHiT5 a—bDEMN
KELRDIZON, PSADB PSP 2EETHHEMBH D Z &R mholc. ZHETE VI
X, PSAIZRy FU—7 NIZEROE S L BREBASDPARIC TP TND LS Bxy U —
ZWZHLTiE, PSPIZEDBEOTRERDZ ZENTERVMEARSH D, LD Z LI
5. INHLO/REND, AETRELEFENESECRE LEFELABREADTH
% &t 7.

B 6S5ITMABHEHECEMELKRTAZLIZLY, PSAOBELMELZLDOTHS.
HeEhiX PSA/Rel O, mBROKFEHRIL PSA/Rel DEDFEHIET0.981 TH 5. TR
LRk, Ry FU—I HOREBREMT 213, TROBENRL RZ2ERANLS.

F 6.1 N(15,a,b) IZXT 28 FEOKEICE T 2ELDETR L. RPOEMEITE
N(n,a,b) iIZx3 2 50 BDOFR v hT—J 1T HEDOEHETH S .
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73

1.20
1.10 x X
% X x x X% i >>§ § Eﬁ
2
$ 100 [y ;i ----- §¥§l i!i e NN x
2 Lk x
0.90 x X X
K X
0.80
25 30 35 40 45 50

Number of Edges

K 6.4 N(15,a,b) IZ81F % PSA & PSP OB

25 30 35 40 45 50
Number of Edges

6.5 N(15,a,b) IZ51F 5 PSA OFEE

# 6.1 N(15,a,b) IZXIT 2K TR EEMH
n b a RC PSA Sp Rel | PSA/Rel
15 3 3 [ 090829 0.92077 0.95882 0.98640 | 0.93346
6 | 0.97433 0.98091 0.98134 0.99960 | 0.98131
9 | 0.98294 0.98916 0.98726 0.99975 | 0.98941
12 | 0.98588 0.99190 0.98156 0.99981 | 0.99209
4 4 1097192 0.97894 0.98577 0.99918 | 0.97975
0.98933 0.99247 0.98787 0.99830 | 0.99416
0.99310 0.99666 0.99038 0.99999 | 0.99667
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6.5.2 EtERH

HEBMZAET DD, Ry FT—JOREZIZHEDLDLDREDIZL, n =050,
a=5,15230,49, b = 3,5,10,20,40 (7=7L a>b) & Lk. ZTHEHLD (50,a,b) (ZxFL
50Oy FU—Z7 BER L, BREFIIHAXME (0.9,1) EO—RRGFHICHES LRELTT
VERNIRELE. a>bRHHEEEITL14EY T, REHT0EOR Yy hU—7 B{ER L
7o, TNEND N(50,a,b) iIZxF LIERL L7 50 O v b U —27ICB1T 28 m & EOER
B c DIEHEMEEE 6. 21T LTz,

£ 6.2 B L EOESEOEYE

b\a 5 15 30 49 m c
3 | 1157 251394 30 ]1451 3.0 | 1456 3.1
1534 4.1 | 2173 5.1 |2336 5.3 | 237.1 5.7

[}

10 366.3 10.3 | 432.5 11.1 | 449.0 128
20 725.2 21.6 | 795.5 26.1
40 1183.9 444

FRENROX Y NI — 2B AETALTY XADFEERBOEH %3 6.31F L.
ED (a,b) PHIZXLTH, RC21X RC1 £V, PSA21X PSA L V£ < OETHEZMLE
ELTWA. £/ PSAL & RCL &9, PSA21ZRC2 X VKA 0B H 553, RC2
& RC1,PSA2 & PSAL1 ¢ DELHET 5 L EDERFFEEITNEZ . ZThOORRLY, &
WOT— 7 BT D0 L T 5 &, Procedure RC2 %° PSA2 T7 — 7 $ER A ZMEK
K% RO 5729247 5 Shiloach ® 72U XA ([75] 1%, FHEA—F—HIITNI VLD
D, EFEOMBIZBNTIIE OBEZLEL T LN

6.6 BbHYIZ

AETIIHROFR Yy U7 #FERy bU—JICEHBRL, BRxXy NV —7 OEEE
T % reachability D TR &2 KD D Z & THRIEMIIHRO Ry U —7I1Z%H 2R E6EE
EDOTR%RKDI. A Ramanathan & C. J. Colbourn BIREL =T VA 27V v 7757
WCEBT—7 - Ry Z7HEOT7Fa—F I LTI Y XbhE UTHRHABERES 2/,
BARH 27N TY 5L LCEBEBEL, TOHERLFE L7, F7- reachability D TR
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® 6.3 FHHEEH

b\a 5 30 49
3 1003 0.17]0.03 033|003 037 003 0.37 RC1 RC2
0.03 0.23|0.00 0.30|0.00 040 | 003 040 |PSAl PSA2
0.10 0.33|0.17 0.770.03 097 |0.13 0.97
0.13 0.37 023 0.80{007 097 {023 1.10

(2
—_
<

(@1}

10 0.20 270 | 0.53 3.50 | 0.57 4.10
0.47 2.80 | 0.60 4.00 | 0.67 4.27

20 1.13 11.80 | 1.27 15.63
1.90 1323 | 2.13 16.83
40 0.03 44.00
0.03 48.70

DREEEZ BT 272018, 77— - o X TOBERTHIBREOT VA2V v o 7T 7
T—7 ZBMT LN, EOBRZEDT—7%2EDTHA 7V v 77 7I8MThiTEd
TROBENRKRESAETAIDE2HMTI-0O0FEEZAH L. ZOEE2EZERBICAN
TTNTY ZLEEET DL, ZEFETDORY MU —7IZ%f L reachability O TR OFEE
A EXFBZENTELZZ 2R LE. ZOFHEICLIBREBEHEEOTRIL, 5=
TRELEZFEICIDZITRIEEUBRLT, BEREOHEELF O L 2MHAL.
AETIET—7 - Xoxr s %%EZTZ)"‘B YRR Z7ELCTHA 2 Y o757
ERALED, THA 2V v 7 77 7RFABRREEL FATHD LI, THA7
Vo2 75 7%27 7R LTELEMT T 705 HLEEARE T reachability # 58 TX
L2H0RHNE, TDOEMITIT7IELDZT—0 - Rox o JERFMETHMERH S TH
59, LOLMREEEHELZEXRFH CHEMER Y 7 AICETIHRIIBRATHDIDIT
%t L, reachability ICB L TIXEZIZEAELRINTWVWRWE S THB. SERIOHEIZL -
T reachability IZB8 4 SRR P B A EHECEH L TCERATHL I L 2#ERTEX DT,
BRAGBEEIGAT 2ERTYH reachability OFFFRIZ B A HE Y A THE W,
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BIEBEEEER L5y bT—2 &
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St

foued 11
m

A

T

7.1 ([ZL&®IC

Ry N =7 EHIBETLHBE, By NV —7 OREEFII DL DRVWE
AT, RERKSRHEEGEEREDOR Y N — 7 HEZEID W O DEEEAHRET S &
IRy MU —7 T 5. 1B TRAZERY, EBR XY VY- ORFHETHET
RLEELERO—OMEEMETHD. FETIE, RN DRVWEATRAEEERD
DKLU LIZR DRy PU— T ERETIMEEERD. REBHEELRD 2REBERH#P
TETHLDOT, ZORMBEOREM Y ZHEAFETRD S Z LIFEERINTEY, K#H
BRry NI — 7 B e TG EIIERIERRERBLEL 2S5, Z0d, ZOR
BT 1980 FRNOIRK A INZ OFEBREINTVED, TDOIFE A LSRR
ZEHTLH5HDTHD [, 16, 85]. BE CIIMEEHEEICMAMOEELBRICANDET
MZH L, BEMTNVNITY ZLARE T —BRRBEDAY « b a— ) AT 197 A LT
DFEEZAVTEHELMBE RO DMABBEAIZZINTNS 21, 61]. DX 5 Z2REOH,
R.-H. Jan & [35] X0 #EBEHEE N—R LT D REMREH TNV T XAREBR L. £H
HIZR BN CREREZRDD I ENTERNLEWVIEERT, HO5DOT7 AL TY XAFHRLT
RBMER2 Ry N —Z I EATE 20D, AEBOBELFMT 2BER LT OEER
FEIREW. ZELESOTATY XN, Ry VT~ FOFHERBLTHER—THD
LW EMBKET, BREIBHEEROREETH Xy NV—J @A TE RV,

7



78 FTE BROEHEHELXZEZEELEZXy hU—JRENE

RETIIEHRENERIEZETHIF Y FV—Z7 I bEATESLSICR. -H. Jan b
DTNTY XLZWERTD. ERELOTATY XAD, #fGEME L 25 RAEEEDK
BICL > THEREIEBREICRL D Z 2R, TOMEREMRT DHEERT. £
FICHARBEZERT 27200V OPOTRbEDETRET 2.

7.2 ETILEERE

HAREAV = {v,...,vn} LERABFEOES E = {e1,...,tm} DORDT T 7%
G=(V,E) £L5%. &ikeec EITIIMEDPIR, KEERpE) € (0,1) L ZDEEERATD
FEDIZHERITRX R ele) >0 80D 2DDRFA—F%FFD, Oy bU—Z7IZHL,
UTOREZITS.

BEROMBITEEINL TV D,
BEAITHEETEICERRE. BdET 3.

B DO MERIIA VM. TH 5.
BRI LIZR > T THEbiun.
FIZIZBEHABEE L (REEEEMOFE LRV ED) .
G=(V,E) ITERKTH? GEERLROMENERLD) .

AN A S o o

B, il BT23EHEL, He2BATLEICL, BALRNLEZIZ0E LD
LD, BETIXRY NI ORBEEENHILTREKESE R(>0) ¢T5L, A&
OERMIIUTO L3 IcERLEN 5.

F& MP
Minimize Y c(e;)-z; =2* (7.1)
e;€E
Subject to Rel(G;) > Ry (7.2)
ze{0,1},i=1,...,m (7.3)

TIZTG,=(V,E) L, HRERVERHINKOERE, ={eilz: =1,1=1,...,m}
DoAY T 7 ThD. MEMP OREMEE 2" L35, R (7.2) #FHEiT 572 DITi Rel(G,)
ZRDR2TNIERLT, REEEELRDLIMEBKAP 522272, HE MP #£HEK
Ref] CRES Z LITHEBR I TV S.
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7.3 Jan DF7IINITYXLEFDHE

R. -H. Jan & [35] iXEB0 E~D 58 & SRR EE & ~— R &3 5 [ MP Ofoiff %
ROBTNALITY XAZRERELE. HOOTATY XA, HEHERIELTORIZHOWTE—
THHAY NUV—Z XL TOREAFRTHY, BHEPELRIEEZETIRY hU—
ZWTEATE RV, KETIIRERNER IR EF TRy hUV—2 I LTHEAT
X319, BEHLOTATY XLEIET A FHFEIZOWNWTIERRS.

7.3.1 JanDF7ITYXL

A TCIIEEERRZETORKICOVNTELWEIRETS. LTIC Jan 507 /L TY X A
OE AT,

Procedure JAN

begin

compute a*

l—a,z"—o00

do
compute z(l) by executing Algorithm JANSUB(])
if z(l) < z* then 2* « z(I)
l—1+4+1

while z(I) < z*

© N W e

output the optimal value 2*

end

Step 1 TEHT 5 a*i, HHORM: (7.2) BT 7= DICUERE/ AR THS. 20
a* B EET 57201, Jan HIFLIFORMBER() 252 7.

&8 R(l)
Maximize Rel(G;) =r(I) (7.4)
Subject to Y z; =1 (7.5)
e;€F
z;€{0,1}, i=1,...,m (7.6)

R R() OR#EEx r(l) 255, 777 GPEKETHHTEDICIPLbn 1R
DEBRBBETHEDT, 1 =0,...,n -2 LTEHALMNZ r(l) = 0 &7 5. F7= Jan



80 F7E REEEHEEZZELLXyY MU —JREHE

5 [36] IFERERAETORIZ OV TELWERIZBWT, r(n—1), r(n), r(n+1) DfEL
n+2<I<miZHT 3 r(l) DEREZEXFER CRODITNALTY ZLERELL. ThH
LOMEMBHETED L, a'lIUTOR (7.7) 2R T2 L 9 2% 2 sBREELZAVTRD
HTENTESD.

7la* — 1) < By < 7(a") (7.7
7272 L,
0 l=0,...,n—2
() =4 (1) l=n—1nn+1 (7.8)

r() LR l=n+2...,m

Step 4 @ (1) (XROME P(l) DRBEETH Y, ko7 TY XA JANSUB() iIZ Lo
TROLND.

fEIRE P(I)
Minimize Y c(e;) -z = 2(1) (7.9)
e;€E
Subject to Rel(G;) > Py (7.10)
Yozi=1 (7.11)
e,€E
2 €{0,1}, i=1,...,m (7.12)

Step 7 Dz(l) IIBREGHEOES EOFLL IABRLZ L X DR/ A RTC, X b
DINE T2 T OREE IARIRL, THWoDaX 2R TAZLICIVBREICKRDD I EN
TED., 2() < 2BWILTDENIZ L1, (KROENLRDE Ry U —ZIZRBEEETO
BEOAZX L 22KV ENWI XA N THRETELILDIIHFELRNWILE2RTDT, Z05%
BT B ETNATY XA JAN TR TT5.

T Ty X5 JANSUB() (35 REELXEHA L CHEP() OERDDTLITY X
LATHD. B7UHIRYy bT—2HlE, FOXy FU—27iZx3 58 P(3) DoEAER
Lz, ®7.1(a) TRTXR Y =234 BOEA L 5 AORRAEME LS. KiI= 2 b
AL THEREDIEIZEATNE ET5. DFV i<j= cle) < clej) &3 5. E7.1(b)
i, HAEENS FHADHITA L T, BrbZOEA~ORIMT TS
FUL LY /NEL TIEWT Y, EWIHIHAIRSS. SEARICEBWT, BEDT i3
ALEEOESEZRL, HAEBEORBRFEO—D2XR LTS, iz, —BELICH
DZRNPEBENEAE~DNRRALEORIZIZ1 E3DT_ARHEOT, BOEAITH e & es®
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(a)
7.1 (a): *» hU—24 (b): FEP(3) iIoxtd b mEAK

AL, Keyeq,eslTHALBRNENIBIREZER LTS, K 7.1(b) DHEIARILRE P(3)
KT AR THDOT, B 3 LVERWERIIFE LRV, SEKICET 2ZEIIME P()
DLy, BEOREIL.CLRD. HERCBIZHANKRTHEORBRE Lz & X,
NHaRNE, ZOEROIRAREREZLIZTS.

LFiz7 =Y XA JANSUB(I) %77

Procedure JANSUB(!)

begin

1. live node list — {the root vy}

2. UC e o

3.  while live node list # ¢

4 v < the node v with the minimum value of g(v) from live node list
5. if g(v) > UC then exit while-loop

6 if node v is not at level [ then

7 add the first child and the next brother of node v to live node list
8 else

9

begin /* Feasibility testing */

10. if G(v) is not connected then flag — Infeasible

11. else if an upper bound of Rel(G(v)) < Py then flag «— Infeasible
12. else if Rel(G(v)) < P then flag < Infeasible

13. else flag «— Feasible

14. if flag = Feasible then w « v,UC « g(v)

15. else add the next brother of node v to live node list

16. end
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17. remove node v from live node list
18. end
19. output the optimal network layout G(w) and the optimal value UC.

end

SEARPOF R vIZF L, gv) IZvOFROBTORNAR FERT. FZIE, B
vER 7.1(b) DRWEIRET D E, R TITHEN A FDOFIBIZEATHNDEDT, g(v)
IFHRDO DS TeBimD R R, TR cler) + cles) + cles) £72%. Gv) iXHim vD
RIHOBIRICE > TERENDE Ry bU—2 2% T, fI2EHROGE ST vET5 L,
Gv) =(V,E;), E; ={e1,e3,e4} &725.

BAEGHEEZRDIMEIIHP B2 THIOT, RAEHEHELHET I OENK G FRE
DD THZ EBBRTED. Lo TETTREMEZIMT 5 EICX (7.2) & BEEE
TDE, TOEICKREEEE Rl(G,) 2HBETOILERH D120, FHEREMALNDLZ L
WD, 7T 7 GOEREMRRAEEE Rel(G,) O LR ZFMMTHZ LIk 0 EFTANRE
AW TEDZ LBHDD, ThOEEBEETHZLICED Rel(G,) ZFHET 2B
W S, HEMBEZEMRT S E2ESTWA. Rel(G,) O BRI (7.8) CEHINE
() AW [35]. 7)) ITEHERAETE LW IADKE THR SN IR AKRAEBRETHD
DT, GDEAENIATHD L%, 7() (X Rel(Gy) D ERITH2 D, 7212 L Z O FEITF()
2FHAT DT, BERERSETORIZOWVWTHE—TRITIIER TE 2.

7.3.2 Jan D7 I T Y X LDYLTE

Jan DTNV X LEFERBRERLD Xy NI —JICbERATED L3 IILERT 729
iZix, HEOTNATY AAOP THERNFE—THDEZ EBPNETH DU E KRR R 2o
TN TCHLERATES LT v, B, o 0HELREEEEDC EROFE
BT 50 THSH.

a B HET B0, 7)) ERDBZEBMETHD. [=0,...,n— 22N TIIHK
BROSFEERL, F) =0THD. n—1DHRAITHOVTIE, r(n—1) iTREEHEE
RRDOBRKARLIZDDT, [47] X [66] REDFRRARERD DTN TY AL %Mo THET
DTENTED. I>n XL TE, BHENERIFZE () 2RODIPBFEHRT LAY
ZLERST LR TVARNDT, RAEEECHEBMLFIALTr() D LR 2 kD25 &
275, BAEEBEOCEFMIZET 2MELUTIIRT.
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HET1HESZT7G=(V,E)IZXL, Hec EOEMERE ple) & ple) +6 (6§ >0) IKE
FLELEOREST 7% G =(V,E) T35, Z0OLXKANEILTS.

Rel(G") > Rel(G) (7.13)

E142%)
RS T 7 GIBOT, B ekt LEIRMRBHR (3.3) 2#AT5 &,

Rel(G) = p(e)Rel(G - €) + (1 — p(e))Rel(G — e),
L%, FRRICHERT 77 GOV THERTD L,

Rel(G') = (ple) +6)Rel(G - e)+ (1 — p(e) — §)Rel(G' — )
= (p(e) + 6)Rel(G-e)+ (1 — p(e) — 6)Rel(G — )
= Rel(G) + 6(Rel(G - €) — Rel(G — e))

L7725, G-e PEEREDOLE, G e IMNTEFREBIZRADT, BeNHCHK TR
WZ EMD, Rel(G-e) > Rel(G—e) &725. o CTEEHTREXMERILTS.
AL
HET2HEIS77G=(VE)yDBETHHEDIH, RRKOEHERE pras & T5. £2TD
FEORHERE o CERE LI EOHRI T 7% G = (V,E) L1525 L, UUTORMBHL
T5.
Rel(G") > Rel(G) (7.14)

L)
METILVHEL). B, EHEAMES 7 GOAETHEOBRHERPETELVE X

DIHFRILT B,
SEBA#K

HETACTERESNTZHER S 77 GICBW CTHERIIZETELVWOT, 7318 TR
LIERKBERPDETE LW E XICHEATE FEAEATIZENRELE LY, o OREE
HEOLREZHETAZERFARETHD. ZOFEICLY, 7TV XA JAN IEHESRN
BRAHAXY P2 L CHERTI2IENTEEL RS, ORI ETALIY XA
7 NAY X5 M-JAN(Modified-JAN) L FESZ 2129 5.
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7.4 HEBREEHBOEFOHOIX

7.4.1 TFITYXLOWEE

From\To| 2 3 4 5 6 7
1197 60 65 54 71 82
2 49 72 31 38 81
3 9 5 82 62
4 1 74 52
5 89 28
6 59

M 7.2 ABFXy hU—7 K, b ZFDa X MNyFR

AETIXET T ATY XA JAN OFHEREICET 25 2/8E R, SRR 7T 0%ER
757 (Bg21) BUEERRE Lz, BRERIIETORKIZOWNTELL 09, =X M
BAX I [1,100) IO E LTI U FACRELRL (M7.2) . Ml N&REEEED
KHETHD RyDEE 0.9 2>H 1.0 £T0.001 HATEESE, TNENLD RfEIZK LT Vv
TY X JAN BERBEFEZ RO D ETOFRERERZRAE L. TORBRLX 73177, 8
Y RoDfE, #MtEhixEHERR 2R 7. FEEHRIL SUN Ultra 60 (CPU: 360MHz, Memory:
128MB) L T1T- 7=,

73X 0, 7Y AN JAN IREBOSETERH CREMREROITDHTENTE
50, RoDEIZ X » TIIFEEICEHRBALND 2 ENb0d. ZOBRENELLOE, T
=Y X JANSUB(l) B3 EATATRERE & Fe/-= 2V RIRE P(1) 1ot L CRGEM 2 R TH L & T
»5. BlziE Ry € [0.960,0.969] DB A,

r(8) = 0.9265, 7(9) = 0.9700

EVa=9&7Y, TATY XA JAN E7 DY XA JANSUB(9) % FEOHT. LasL,
7(9) = 0.9598 T 5 D THIFE P(9) IXTEATAREfE A R 72\, T2 Y XA JANSUB(9)
(XEITRIREMNTEIE LRV P9) ST 20RO R RBETHZ LR D. hido
WY, SEREECIIEEROFENFHEMNBMOEMBIKRESERT H0, EITTRE
DRWVEE T ERENEFTICRELS DI ENZ. HERBINKRELL LokZTDMmD
RyDEIZHWT Y, ETTREMBOFELLZVESMEZB N TV EBRRERTH- -,
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@100

Py .
g 80 oo
H

= 60 oses

= sssem

.8

< 40

~—

a 20 e

=

=]

O o0

0.9 091 092 093 094 095 096 0.97 0.98 0.99
Value of R,

B 7.3 7Y X5 JAN O RolZxtd 5 &R

728 Ry € [0.960,0.963] 129 2 FHREFRIAS, Ry € [0.964,0.969] 123 5 HD LYK
VDI, BT HREEHEEDO LRICLABEREDTZDTHD. —RIZ RyDENRKE
72B13E, REEHEDOLEAN Ry LI V/INEL 2HENREL 5. SREOETNETh DS
BICOVWTHREEEECEMAFHE L-ESEF <5 &, 52087 Bl & 19935 B THho7z. ¢
ROLEBEOFPREEEED LR Ry LV /NS BRZHEENREL, LVEIDFr—RIiZ
L THREEEECEMELHET I Z LR HIMEFERmBR LRV LML &8
M5,

fhmm & L CHEREPFEFICRELS R0, r() DEE ERLEDOX Yy 7HRERTH
5. M73IEENETELVEE TORRETHIN, HERSHILICRRIHEILT
N Y XA M-JAN @A L7254, — R r(l) O LROBEIILHT IO TIOERSEN
B AHEERELRDIEBFRTED. RyOBEDLEFIZ X - TR ERB AL
TH5ZLiE, TAITY XLOFIRFICL > THEKTREZ FETERVWEWVWIEKRTS
FOHFELNVIZ ETRERY. 22TTATY XA JAN BEA L TV B E S E~SE$ 5
FEZHTL, FILWTITAITY XLOEBEEBETHIZLICT 5. TOEDHIZ, BHAN
DES EIZHDE R oD 3 X MHEREH g(v) ZLLTO X S ICHERT 5.

= (7.15)
A vDa Rk kE>a

TNaY X5 JANIZBIT 5 g(v) k<ar
g(v) =

UTIHEEEEE LS LW A Y XA TOPO(TOPOlogical optimization) % LA F

2R,
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Procedure TOPO

compute a*
z* — 00, live node list — {the root vg}
while live node list # ¢

v « the node v with the minimum value of g(v) from live node list

1

2

3

4

5. if g(v) > z* then exit while-loop
6 if node v is above level a* then flag « Infeasible
7 else

8 begin /* Feasibility testing */

9

if G(v) is not connected then flag « Infeasible

10. else if an upper bound of Rel(G(v)) < Py then flag « Infeasible
11. else if Rel(G(v)) < Py then flag — Infeasible

12. else flag «— Feasible

13. end

14.  if flag = Feasible then w « v, z* « g(v)
15. else add the first child and next brother of node v to live node list

16.  remove node v from live node list
17. end
end

output the optimum network layout G(w) and the optimal value z*

TN Y ZLOF TR GERMA702NBEITREERELHET QB TH L L FAT
50T, TNAY XAAM-JAN L 7T Y XA TOPO IZBIT 2 EEEEOHER S
FHI L7z, #EEEEOFHERBIZONT, UTOMELIERA L.

fiRE 7.3 7T Y XA TOPO BT 2 RAEEEDHERKL, 7/A2) XA M-JAN
CRITDEEE Y bR, 72721 g(v) BN T BEIEESH OEH S LR E BT amE
RAEEHEED LR ZHE T INUHBIIR—Th B LT 5.

EEEH
BETNTY XL TOPO BEX k (> a*) KHDE A vDOETAREMZEML TS &
T5. Sp(v) & S;(v) #FNFNTATY XA TOPO, 7A=Y XA M-JAN IZ Lo THiA
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v R D RICETHRERLFMIN-HLOEELTD. B o', BIXUTERLIVEFENLX
W2 D EITARFTREARESICK L, T =) XA M-JAN 3 Z O EDOROE 2 HREXT SR
Wz 52, 73U XA TOPO IXEIZEDEHROFE 1 FHEMTS. LoT220T7 /0
dY XL e live node list HROFREZREHTUHEBE—TH D578, Sr(v) 2 S;(v)
L2, HARBEFMENTNS E WS Z i, Sr@) KREEvDaI R FEYINER
IR b &L OFETAREAREAIIFESET, Sr(v) D S;(v) £ S;w) ICHFEELRY. Lo
T, HimuiI7 T ) XA JANICBWTHETAREZFHEiS D Z LiTikd. 22D7 0

Y XL ELR—OREGEBED LR EZ RO ZMBEITHIREND, 7T/H=TY XA TOPO
DEITAREM L A3 572DIC Rel(G(v)) 3BT 52 561F, 7A=Y X5 M-JAN &

BYHZlicib. )
HIES

FMET3LY, 7ATY XATOPO X7 /NI Y XA M-JAN L VB EHEEDHER
(T2 RBOT, FHERBICOWTHELSRDZ X TES. EBRRIK720xy
T—ZZT7NATY XLATOPO 2 EA LI EZ 5, RyDEICEL LS 0.1 U T CREMREL
BRI HENTE ., BITEELVRITIZ 7.581T17 5.

7.4.2 BEEHEEOLER

M T7.1L Jan BICKDHIET, KERNPRERRDZXy N —2ICxd 2REGEEEO L
RERDDZENTEHZIEEZRLE. LML Jan BIZ LD HFEI T A BHERNEFE—TH
DXy b2kt TH5HETHLD, HEIVRBEORW ERABE LNV, FICHRE
RBOLMEHABKEZWVIFEITEOEMPBEL 2D, EZTHREEEED LR EZROLHT-
7 hEE LT, cut basis VWA HFEXUTICRETS.

EE 7425000y MX,X)EYY)IZRL, XNY, XNY,XNY, XNYDETHZE

HEETRIEREFOLE, 22008y M (X, X) & (V,Y) iE3% 5 (crossing) &5, ¥

2, XNY, XNY, XNY, XNYD5H 1 OTHLLEEANHLLE, 2250y MIXbD

B 7Y (non-crossing) &V 9. HEWIRDLLRWn — 1O v M& cut basis LV,
BRI T 7 G Dcut basis #EE LIz &, UTOEENHKLT S [52).

EE] 7.5 RV T 7 G M cut basis {C,...,Cr1} b0 EE, RADKITS.

Rdmngilu—llu—p@») (7.16)

ecC;
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X (7.16) DA 1% Lomonosov—Polesskii @ EF & FEITH, KHBERPRRD KXY PT—7IC
L THEHEFRER LAO—2TH 5.

WAEEEEDC ERITAT) X LR CHEITHEBIIHET 5720, HFFRE T cut basis
RHEETHMEND D, 8RR cut basis OBEELZUTIRET S, Cv) HRvERS
ETHRDESLTDE, Cl) FUATOREY 1 20Hy MIR->TWD I EHBbnd.

C(v) = ({v}, {v}) (7.17)

Bhb2fisu v, {ufn{v)=¢LY Ch) & Clu) IXHLLRVWDT, £ixd
n— 1 BOHARIZHT S C(v) LD b DX cut basis IZ725. EROBEELZRDLI~R
T 27D, LLTOFIET cut basis ZHEFT 5.

l. 2T v e VIR LU TFTOEZEHETS.

p(C)=1- [ 1-p(e) (7.18)

e€C(v)
2. p(CW)) REKTHIHAERE, 2TOHAHETS C(v) 2ED 5.

TOFHEICEY, EHBEERE T cut basis ZHEETAHIENTE A,

7.4.3 REEHEEOHERBOERE

SREANOER vOBEZ uw L L, ENETNOEHRPRT Ry NT—7 % G(v) = (V, E(v)),
Gu) = (V,E(w) £55. BiRvidEiSAuDFENPD, E(W)=E(u)U{e} £ELILHT
50T, HIERFENERR(3.3) &0,

Rel(G(v)) = p(e)Rel(G(v)-e)+ (1 — p(e))Rel(G(v) — e)
= p(e)Rel(G(v) - ) + (1 — p(e)) Rel(G(u)). (7.19)

BRESIT 5. #EoTH L Rel(G(u)) BEEICHEE A TH B2 D, Rel(G()) iX Rel(G(v) -e)
RHETBZLICE > TROBZENTES. G) & G)-e & DEARDERZ 71
THaN, REEHELZROIMEEIH#P EETHHDT, TLIAY XLEERTERZS
AIIEZOEL L 2HAERMOEMOERIIRDLEZLND.
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7.5 HERBEREEE

7.5.1 KREBEHEEOBEKELIIHT HFERBOEL

AETIIALRERPBRR DXy PV —TIZH L T4 TIT - L BEER, TRbbikeE
{EHRE D BEAKYE RyZE(LE ¥ L &I, 7T Y XA M-JAN L 7L= Y X5 TOPO
NEBEREZRD D OICVERHEEENEDOL I ICET O EHRTS. HBORY
FU—2 R T72TRLEZS T 7T, BRI [0.85,0.95] BD/NEES 3 hLod/ ke L
T FAIREL (R17.1).

7.1 BHERSH

1 2 3 4 ) 6 7
0.914 0.914 0.853 0.853 0.896 0.866
0.931 0.896 0.918 0.885 0.935

0.936 0.879 0.858 0.941

0.898 0.868 0.932

0.910 0.888

0.937

Sy O W N =

RyDfE% 0.9 7>5 1.0 £T 0.001 AATERIHE, TREND RyDEICKLENER
DTN TY X LD EoEfREE BT HETOHERBEZRIE L. 73 XA M-JAN, 7
A XL TOPO LT 2EBREREEFN TN 74, H7.51R L. TRENORICE
WT, MENT RyDfE, MtahiiFtEREAERT. 2382 OEEERIE SUN Ultra 60 (CPU:
360MHz, Memory: 128MB) L2 TfTo 7z,

TA1ET, r() ODEEE EREOX ¥y 712KV, TV XA JAN BEHTIEFEIZK
ERHERMELEL T LN THR2, RT742R5ERK73L0 L, £ DEHE
B A LB LT HHENPKREL RoTWARI ENbNS. ZDOZ LIIBKEREE—DBE
I, BREEDRERIGEIEr() OBELE LR LOXF vy TRIVKRELL DI LE2R
LTW5. M752R5 ¢ RyDEIEBD T LIIEWVIBREZRITIE, RDEICK L XIZEE
BEZITTIC—ERRIN TRERZ RO TNDZ E8bMns,. ZORRICKY, 743
A5 TOPO 7A=Y XA M-JAN & HE LT, RyDEICE D S EER CRIEM & IFER
THZENTEDLERTES.
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o
o
o

100 |-
300 - - - - : ' .

200 |

100 ' soagosenn

0 T - ]

0.0 0.91 0.92 0.93 094 095 0.96 097 0.98 0.99
Value of R,

B 7.4 7Y X5 M-JAN OB

Computational Time (s)

N
(o]
o

100

»
0 ’ o 20000 ..oee e

090 0.91 0.92 093 094 0.95 0.96 0.97 0.98 0.99
Value of Ry

B 7.5 7A=TY XA TOPO OaFERR

Computational Time (s)

7.5.2 HBREEOHMIIHT HEEFHOZEL

WITHE % IR FER DS LT, 2200743 Y XAOFHERBRED X 518
DOPEBEERICEVER L. MBLR2d 77710 ERL< K, T, 22X MIAK
[ [1,100] EIOEERE L LTI X A, FERROT L o2 5% 1,1 FoEHE L
TIVELRIRELIER Y NU—7 % 20 BEFERK L7z, BERERICOWTIL 2 DD FgHI B
DSWCERE L7z, 8F 1 OFEHIBRERSAR O P IMEDOELIZI - 2 EITRER O 4L % 21
T 57HIZ, p=10.85,0.9,0.95 7223 p I3t ULEHERO &% [p— 0.05,p +0.05] & L
To. BRBERIIBKICRE SNTEREZ TITREINSD. Flxidp= 08> DHE, HEEERDSYH
ﬁﬁ@ﬁmsomkﬁn EBH 0.4 ITRE ENT R OBRERIL 0.85 + 0.4 x 0.05 = 0.87

RESND. B2 OFH IR OFHBADEIITT 5 EATRF OE(L L3l 5
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7T, § =0.01,0.03,0.05,0.1 22 B 61Zxf LEXHERO S A& [0.9 — 6,09+ 6] & LTz,
ZDHEDORER S EE TICRE I, Flxids = 0.05 TEED 04 DBE, KERIT
0.9+04x0.06=0.92 L7225, =ELWTHhOHES, BERIIIME2METIIRD X
ICE S THUBHEA L. FIXIEE 2 0F#HOHE T =0.01 D& i3, BHREERIT 0.89,
0.90, 0.91 D 3BV LRV, - THE 1 DFHFSHIE S BFHEROSMEEN 3@, 552
DFHECESL SAEGEEN 480 TREFTEY, ThENOSMAEEE & B LK
WCESEREBEEIREL TRy FU—7 Z2ERTDHDT, 7Tx20=140FDRy hT—7
BERR LTz, TRENDOXR Yy T —Z1Zx L, REBEE O BIZEKYE Ryt 0.90, 0.95, 0.97,
099 D 4BV DBEEREL, RKEMREROH>E TOHERBZRAE L. HEMERELE
72K TIITE L O,
RPDFHRNRTA—FIILUTOLSICEE L.

o a'; a*DEWHE

o 1, WBMRLIRDR Y FU—2 OFTIHBEALRDEHHE

o Ny SEARICE N TEIT AR % 340 & hu 7= 8 3 0 4l

o Np:; AEHEE 238 Ui EHEEK

o i; IFHEEER (CPU ).

#72, 7310, 7A=Y XL M-JAN & H_RTT A Y XA TOPO iIERERD S HR
RICBERA S BIZEVW B TRERLZIER L TWA Z Eabasg. BEicFA=a) XA TOPO
IZB VT NRDEIZN; X 0 BANTH 2N T L 55, cut basis I L 2REEEED LRRKR
AEEECHERBAZBOT I LIIBOD TRELERLTWS LRI LN TE .

WTNRDTNALTY ZALUTORBD L EICHERRN»INE Z ENFHETES.

1. my —a* BREWNE X,
2. AR m, B m/2 TN E.
3. a R m, BRKEWNE X,

TNTY ZLIDEARDEE e POEE m,TFT (FHITFNUEET) BRTHLEMN
HBTD, FH1MBRT D EFERBIIERTS. T m EAOFEOFND kRO 2%
RTDGEOEL,CT2b, FE2NRRILT D ETATY XN LD IEVIER O G H
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R 7.2 BHERSMOPMEEZELS GG O ERR

Algorithm TOPO Algorithm M-JAN

P Py T Nf NR t Nf NR i

0.80 090| 9.0 10.4 5576 17 0.09 | 296169 57239  57.29
0.95 | 10.0 11.8 || 15347 10 0.65 | 423894 20767 106.12
097 ;1 11.0 12.9 j| 18833 7 1.04 | 534667 32886 190.42
0.99 | 13.5 14.7 || 13794 4 1.17 | 154931 11832 87.96

0.8 090| 80 9.2 1713 20 0.01 | 193603 83537 24.12
095 9.0 10.2 3850 9 0.05 | 294155 56435  56.60
0.97 | 10.0 11.1 3168 8 0.03 | 302150 75392  98.49
0.99 | 11.0 12.9 || 26026 3 1.94 | 544702 26798 180.68

090 090 70 8.0 950 7 0.00 | 54870 31936 3.04
095 | 75 89| 2592 11 0.03 | 13818 49717 10.99
097 | 80 98 4886 13 0.05 | 202764 12454 19.45
099 | 95 109 8970 4 0.22 | 287464 52248  66.61

095 090 6.7 7.1 163 11 0.00 5639 1706 0.10
095| 70 7.5 271 5 0.00 330 166 0.00
097 70 7.6 699 4 000 | 13104 7402 0.61
099 | 70 88| 4848 6 0.05| 141242 63344 10.14

8,
3
8

OEREMRERRTOINENRD D=0, HERENERTLIEEZOND. REBICEHE IR
LT DL, RMEGEHEDCHERMMSHEXT L -DICREMF L RO IFHERFALHERTS
EEZOND. RT72X0, BRERSHOPLLMERBLTD, 230/ F2id RpB3KEL 7
BLEEEIVEIMITHOTHERBNERLZEEZ NN, BREMICEMH 2 bRk
DOTHRE2OEELEZOND. RT3LY, BHERSMOGHNIIARD L aDEE
NELRDZOTERELIDRBIVRTARY, HEABBRBRLELEZOND. HRe L
T, 73y XA TOPO Zx LTIEEM 12, 7o) XA M-JAN (25 L Cridefd: 2 28
HERBOEXICELMEETLIEZEZONS. TAAY XLDOEBEEEZXDHZ &7
HEREZEHET A R OIRNLZFER, o OBEZRTHILTHS.

REFREDO EROBEZ EIF 5 2 & bEHERROEMHICKRE Kb T 228, ER
DOFHEIIFEFITHBEIITOHI D, EROBER2 LT 57200 B LORBSARERMIC
FHEFIE OB EZLELTIILLEZIOND. BIZHOBAKNOE S ZRET D IEEN
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® 7.3 BKEOSMEHAT LI 5E OFERRE
Algorithm TOPO Algorithm M-JAN
§ P | & || Ny Ngp Ny Ngp &
001 090| 80 8.1 99 0.00 64 39  0.00
095| 90 9.1 65 0.00 44 8  0.00
097 | 9.0 100| 889 11 0.01 | 293944 52085 55.63
0.99 | 11.0 11.0| 241 0.00 137 1 0.00
003 090| 73 8.1 832 3 0.00| 78146 45853  4.40
095| 80 90| 82 17 0.00 | 160605 8908 14.27
097 | 9.0 100| 677 12 0.00 | 108621 22050 19.85
099 | 10.0 11.0| 4219 4 0.06 | 336966 5433 67.17
005 090| 70 80| 95 7 0.00| 54870 31936 3.04
095 | 7.5 89| 2592 11 0.03| 138185 49717 10.99
097 | 80 98| 488 13 0.05 | 202764 12454 19.45
099 | 95 109 | 8970 4 0.22 | 287464 52248 66.61
0.10 090| 70 79| 672 11 0.00| 7281 3946 0.24
095 | 7.0 85| 3728 12 0.04 | 71096 41762 4.04
097 | 7.0 90| 9923 8 020175774 115516 17.15
099 | 7.2 102 43056 5 2.68 | 414151 162490 62.41
BRNWITEEMROBERROND ETORRINE DS, B&HRFERBHET 5.
ZOBEHRTHLOEBEELZHWEZT AT Y X AOFERERICET A% ZR5EHIZITH O

IIFERIZHE L.

7.6 BbHUYIC

AETIIRAEEELBEICAN:, BHENELD Ry MU —27 ORFIIEE2HF-T-.
R.-H. Jan 63 ZF ORBEOKER L EHT 7L TY XA JAN #BR LD, FOTAA
UALIBRERDBRER D3y P — 7 IITERATE S, RERSR—THHEBICLIE
RATERVLENWISEFZR-> T\ e, ZITREBEECEFMAFALT, o7
Y ALEHERBRRZBRICOEACEDLICHETIHFERZERELE. 4D

DT NI Y X LTITHREERED BEKEND LET 57215 T,

FHERRE S BB EK
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FTHRENWIRENRHBZLHRL, TAIY RAOEEYLEETAZ LIZL > THFDOERT
ERMRDZELETRLE. BEXREEEHEO ERERDIFT-RFEL, RABEHEEOHE
R Z BT D7D TREREL, THONHERBOEMIIKEIIERT I 2K
EEBRICEVRLE. BELETAITY X LIEEROSHIREICER /R, TAIU X
L JAN LS 2 L EWVEH BRI CREMEARETH LB TE DT L 2 BEEBRICLY

LTz, KERPRE—DOBELRRDLIBEDS, HNRGEEZHR T 5 DI LE R R
AEOLER o OBEEZ ETHZER, TAITY XLOEEEEZ D2 LR HERRLE
T OROIENRFETHDI LB HN5.

AETH Ty P =7 REFIEICOWTIIEA RRBENEZ OID. REEEE
USADRy NT— 7 EHELZEZR LY, OB T CRIGEOBELZBMLTHR Y
NI =T NVEEE LV THILHTED. Fhxy NU—JEEER T TR, &
KESOEXEY»EXCHED (EHI3EED) SABOEMIC W TOHIKSMEL BN L
720, BRBICT Y EEEEREED, HIUBEHERELZREL T, F— A EEERIZ-
WTOHIREHELZEMLIEYTDHZ L TESL. EBEIZINDDOET IS L CTHIEDAT
LILTNDEH, EN0DOHRICEBWD TEREKMICENT 5 DX REMAE Tl AETH D
[49, 61]. AFEOHREFX R THH» B LI, EFAEERICTNITT 213 8205
ERODTEDORBREIIFEFICKRELS RDILERETILEND DN, AHFEOL 5 IZH
TEDMERRE S CEAFRER RN CREM L HEFRRT TNV EBRT S Z L IEFICHE
BETHDILEEZTVD. BEHSIIERARRXY NV -7 VAT AREAINDIZON,
Xy FT—=I VAT ADOHELERLTITHAH. TOEBENLL, BRELZEHRLT
ERAFBERETNVEER LT HRISELETIIFRATHILEE X L D.
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AL THER Y NV EHEEDO— DO THIREEEHEICHATAIMRALITo 2. #EFKD
W CIIRDOMET RN ETORICONTE LR Y NV — I 2B ET5 L 03%
Doy, AR TIIHERENRRIEEEL, IV —BHRXy NT—J 2R L L
7o, AR, B ERERFOINETHE VI TV RD o R OKERENE
BBEFY NT—7 OREFBEEICE L CHERMREEBR LR, 5% IOSF 2R
T35 LETCO—D2OFMEEL 5212525, AFFRORRIL, SHLVBRENZR Y b
U= BT N~PIRT D LETOREBRERPVICRDITHAD.

B 4~6 ETIIREEHEDO TR L LEARH TEN I 3 HFEICO>VWTH R, HIHT D
TROBECET AN OO FEBRLZEH L. ThoOEBIIESX, REEEHEDT
ReZEAXFFMTEHTAITAITY AAEREL, TLITY XLOHEEZFHEL, HKE
ERIZEVENLOMREHEEZR L. BAETRELIEBAAICL Dy Y - Ry F T
BT 7 7 EBERAEDEDZLIZE ST, BREENRETELWVWRY NU—ZZXLT
t, Ball-Provan O TR FOBHEEZERICL D FELVBEEORWTAZEHT 5 A6
WRHDZLER L. ZORBRLL LI, FICBEDODBWTRAZERT 572D
EHIER, ES5ETRELLELEIN IS I 7LDy Y - Ry TEL, E6ETE
BULETHA Y w72 753787 —0 - Ro¥ U JENRRBREOKEE*FROTRAYE
W 2FEE R L. HORERENRLDI XY NT—J IOV TREEEEDO TR
T DHRILINE TIELAERINTW WD, AFRICL VB INEZTROBE
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DR LUELZEEICHERTT20E L. L LEEoBERRE2 S OEHME & RE
L T Ball-Provan DFE LB L0, REEHEECEME LB LAEFER, AHEICLS
BEBEEDOTRIITHRBELA L TCVWD LHMTXS. FA4ETREL-FEL, &
HTD2TROBELWVWS RTIIE S ERFEOCECTRELEFEILDLILOD, BRKANRS
F78v haA NIZBIT2REICZR> TV A RTHBRHERANES THHDT, AHILTOD
BREMDE~OISHATAHZ L E2EZGE, TOMREERELEVWTHA .
BTETE, RAGEELZZE LRy NV RHMEDOBMEBERELERTI T LY
ALERELI. TERDFELIIRRY, KEEPERLDI Ry NT—J7ICbEATESZ
EPBRROFRTHD. RFECL - THERZELT I LN TE D20, ZOREI
DI TNTY ZLHRD DELEOREE % EREICFHME T2 Z L BFEEICR D, Eiz
JCREAER L CEIZET VETGE L2 MEIC S U OBtz ko3 7137 X
LERARETDHLE, AFROBRRIIEBRNERL LTHRICERARLDLEREZTHAD.

8.2 S#&DEE

Xy N — I EEEOH ARSI TAME TR EARIZIZAO—TH H08, #
DO DI THD. Lo TARELEZREIHEL R FRA~HELEBRTHIENTES
THAS. UTICEREOSHDERBIZOVTIENS.

AR TIIREBEHEELZ R -, ALXy NI—Z EF NIRRT 2 EEEZEE L
RELLT2HIRHEEE, MEAREEERDHY, WIThoFEEILBW LTy Y -
NyX U THEEZERTLHZENTED. RABEEZBW Ty Y - Xy J70EFRLE
LTREBETHHEMEE, @B 777 Thsd I L ERAEEENSERXBR CEHEE
THDHI L ThHo7. AR 2HABEEEICBWUIMEED 2 i s & t BNEIZEFRE
ThHdHZLe, 2HAHEERENSZEANR CHEMETOHIZ EAMNELRS. BAE
BEICEWT ERREHE2HR T 2 R/IMEOES 7 7 7IIBAKRTH Y, HIERBRAIZD
Wik~ buaAs FLEIREEIERAT A Z LICk VA RBREFAT I ENTE . £
DEWKRTIE, 2HARGBEECEVN TRV ZHENL/BREIGLNTHARVLOT, KR
Bt 2— VR T 4y 7 FENEEND. kESREEEIRAEHEE L 2 fialEEE
BRI FATHDHOT, BIZHELWHETHS. ZnoOEEEICET 2HERNEBEL
EDDL—F, BEORWTREZ2EHT I a— Y AT 47 FEEERTDHZ LITFEFIC
HETHD. TOB, AFETHREEBCHES R EBISATES L BbhS.
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AR TH TRy VT —7FTF NV CRERIIEELRVNE L. flzida s Ba—
H 3y NI—7 EZB LIRS, BREIEET—APN—F - F— hy = A 72 L ORRE
%%,ﬁﬁ%h%%ﬁ$&~7wmﬁéwf,ﬁﬁﬁ&%ﬁfﬁﬁ&%Té%?&iD%
LA, HAMBEEIEHALNYETIETLVOFRIVBRENTHILEEZDILHTE
5. BiROBEEEZ Ry NU—7 DIEFERELZ, 2ERNIER THro, EFANIESE
BRI E > CHEFETHIREL LEBEIL, 318 TR L O IS RSB L B fE A~
TAHIENFRTHD. T, £EETRREEREANER 2RI L > TER
THHZREEZFRY NV—JOEFRELTIZLEEE LI, ZOHEIXEMICEAHE
DIRWET NI EBTE RV, BEIZZOETMIZOWTHETFHENED I T3
[20, 80]. L72>UELOEED % ZER T 5 ITBICHE Lok ERE LIOREEE 2l
TV, HEiENKE LGSR OER TR L T AR bH#EE LR 725 D THRITS—B
CEELL D, ZOETNVERERICONTEWIMIN . THDHH, =y - Nox 7k
CRIBRDOFEERERET A LI VAN EORREZIGHATE D FEENH D, ETAWE
TRy N7 FT NV TRIERREROMMNMEZRIRE LD, SER/SHEAKTET D
ETFALEZDLND. TOETMIR L UIAHFRORREL BHMICKBIT S Z LIi3fEE
TRREZITHIN, UTIRRRE LI ICHEBOEREZIRY AND I L THRIETEXHD
TRARVWIHEEZ, BEEFLOOHD.

AR TR EZBEMO—EME L Lz, BEOET /N TIIEET 2MRIIRM & 3
AT DI ENEL, —BROVRAT AMEBMICET IMAICE W TIIRFADER L ER
TEHZLPBBETHD. &I THRERLFEICET OB TERL, Xy NV —7 OEfME
DA E HIZED L I ICET 2D EFTHNHH S BREV. F 728l L s 2 E1E
THRZLLEFBETDHETAOEZOND. FBOERLZEM LGS, B HEMZRER
LTS VAT AZE L THBERERPEERMICEBL TR RETAVPRATE, B
FETHELFEENTNS., Ry NI =TV RT LABETFNMI LIZBEIT IS S R 8
WCRBZENEBITIGTE DN, v Va7 EETETALZIGHT 5 HER EMESNIED
T3 [50,68]. = RyX T OBRE R & RICERICELS R LR EDTREER
LRE, TOEFMCH L TAMEORREZSATE 5 LEbhb.

EBTETHR Xy P REHREIZ W T, ISAEZZREICANT A RERE
MEZOND. BEREIZINLOMEEITICH>TiY, BinmixERT 200, HHE
REHETOIONPEARMTOILENHS. HnmrERT 561, BEDa Ya—sF
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REICBWTHEENLRREBINICHE (BMEM, FOLME) 2RODZENTEBET NV
EBEL, FOETFTVIKHLEMARTATY) XAEZREBT L ENEETHS. —FH
FHEZ2EET28581, HBLERDIFXY NT—7 VAT L ERBRT HEORETF N TR
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THIENEBEIIRD. WHAZERTIHABYER, L0 X RFPIENTRMIAELE K
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AFR LI RRRFERFRE TR AR EFERICB W TEERfToERy FU—
7 DEBEEICET IMEORREEE LD EITEDOTH S, AERERELATHREE TH,
HUBARIICTHEEZ LB ELEERICBUARETCOREOEES 25X CTFEo 7=
TR, BFREFTLELDDICHY, KEBE L TIRETHEZBVELEAR
FRFE LA AR B A FEREEAICEIBESHOBELR T L L iz, EHILBELET
E3c
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TelEEE L i, DOLRESB L ETEY.
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DT, BLUOEKBIXDIERICBNT, LHDTHRETHSEWVEEEELE. I
<AL L EFET.
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