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5705 3FEATESE (1)

RRLEKRE HEE B EEHh  (Seiya NEGAMI)

7957 G (W=7, 2EARHFT) &L, SEHLEA (G t,x,y) 2E&
U, TS TORBUYEOTERBLUT, EOBEFUIRERT IOV ERM
ODENTHS. BEBFHHETE No.58l TaEa2—Y—2HMAURERXRT R

TRV -] OFRREVEZODONSHSED, ARMIAZTOEREE->-TEVWTELX
AV, f(Git.x,y) OHAPBRHEERETZZENLEENRS I LRUVT, AFW TR, U
TTHERSZFPHIMI CTORAITERERERNRTHELICERT S,

1. f(G) OIEH

TSI DEAMRBRELBEESUVUT, JOBRESHEH (contraction) BEWT s h
3. BiBER2VOTREI>ETHRVLY, BEHZ, B2rRELVRE, TODOHEH
HEEEA-BUTISOHEARTABETHS. #t->T, BRZOTHBL—T D&
2, TORMPAEBREERUZETHS. BedDlpE, BPRRE-2TYS7T7 G
POEBINBTSTRENEN, G—e, G/e &RT2ERTS..

ZhEE, f(Gt.x.y) (BT, t,x,y BEHEBULT, (0 &&EL.) 2R0&
SUHRHEERT 3. |

(i) f(K.) = tn. (nz1)
(i) f(G) = x f(G/e) + y f(G-e) (e€E(G)) .

REL, Ki @27 77 Ko OIS 7, BB, n HORLIDAEPSRET
5T7TH%. BOKBE, GHUERRVBULTVWIHE, WIh KW CHETSDT,

ED22o0K Wk -oT f(G) BRETAHIEDBTES. 8 e ORHHFREKST
W) WEEFSI LW, MBRHETRIIENTESOT. ABERIT ST
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f(G) EUTHUZEARHFD.
D (6 OHEFWEEEBATHSE, (6 DROLSCEBHATXSZ &N
hhs.

Em,;—<%i5thmﬁﬁhuzommwxﬁmﬁ&&ﬁo:&wﬁén%.
Th»od f(G) WIS TOLREBRRBRAZIEBHNEESS.

wA@El. (i) b.,. = G-AOEERIOBEED j i3
i A0 oIS E(G) OBIPEES A DEX.

EERDOBEBY j T o-i FOBRFD
Go2EBr T2 T0EE.

~

<

o
il

EELZR>T f(0) RHBUESETEE, BEOHMBERT ST TONRYD
ARMOBEREN Y, LOEERESHE, ZFOMBEGT 1) OEHKE
Rebohsfladbiiib. AT, nFXOBEFO2EKE T, RE n OV 1
IR Co ETBE,

FCTa) = t(x + ty)n, F(Ca) = (x + ty)n + (t-1)xn.
H, COESRBERBHEOT ST T, € RESH 3.

BIRE. f(Ka), f(Kn.n) 2BRD .

2, 20 £6) &, Bif, BXTI KOV —REEDU TV S Jones BIER
ODFhPUTERZBLRLODTHS. Jones BIEARAUEUE, BABOFEED 1
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DT, FKHMOIhTVLEZLOZHALEEUTEY, TOHEUHESSFEMY
hTL3. ERTIROVA bR, TOBENTEOMPETEZTh RO ID
LDOTEFOERBEAZNRVLVARBIZETIATVLEOE. (Jones BIHAR
S2LVTR, COBRBOFTIMM—ERER TTSTERABBREAITSLZERA
FEUTT S TBRANIEPBEIATLIOT, BLLZ TS
BTXWL. )

Jones ZIN @RI, BHERLRLZHEN f(6O) b, THRIMWHTHI U,
TS5 IDBRARTEERRATVS. Hlal, x,y CEYRERIESVRATY
hil, 2EROBB2RECHEDZEAY, RFELIHN, flov ZIHARE N NH T
3. UbU, BARCZER, LOXIRL S-SV EZOEBKMIEPATUE o 2.
ZhTREKOER. TOERER>T, 5hPZhPEBRLUTELSS b
SHROBRIFAVE 222 RV, BFIFR, ETRUEEDR, KD f(G) &
DOABETTREY, TORRBEKFELRL. H5, W<bsTHAU (G) %
BORBTRVWI S INEET S ERARS. CATRY I JORMEHTED R
DOFEBEUTOREDRVUTRREZSZRL.

2. F#H

WMDY UTVLEIDOHEOME. RO H. Whithey OFH 2212, #FHU
W EEEREAR.

ETHE2. (H. Whithey) 2205357 G, G2 OPESRBO 1315
0 : E(G1) = E(G2)
THEDY AV LEO IR IMELHZRAT 200 BET ZRHE, G & G

li}ﬁﬂﬁ&%.ﬁm,%h6ﬁ3ﬁﬁﬁ6ﬁ,9ﬁ%n6®@®ﬁ¥3@&
HAT S,
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CIT, Gt & G B 2-AMTHBLE, H1IDESR=_BHOEERZRVERL
T, —~ADoMANBhIZETHS. B2, V9T BREROLEIRUEIRROE
FRLERV. £k, V57 3-BEROE, EOXEDTERLVMPS, Zhi
2-AARDOYIZNhEELITHS. KOBE, TZHEZHH A I ABRLD S,
BEHBEU220KE 2-AUTH5. B, Thod—FHOREEITEREL
THBVEGABZERWHS .

S

2

X7, H1OEOERLEZHLTD, 20073 TORIELEIOESRREL
PEXZOBEHRAOEKEIZLL. COSE:rAaF10()EE&HERE, )
HARNMOFEREL VI &0, 2-ARMEOFEBRREIERDONS.

B1. 2-ARLR75TROEE

wd3. 2-ARMRII TR f(G) ELUTHAUEZEARFED.

f(G) OHENEFHRIELH-T, 5023, LOFORBLHT ZREIW
HREHIhWTLRL., 32T, ROFHEHRIERT 3.

CFHEY 220757 61, Ge WHUT, f(Gi) = f(G) THALDOLE+H
ZHWEh Y 2-ARHIRZIETHSS. |

ChRMBEIZIFULTEUTE, EH2UKASO0BEBEHESS. (W, C

WPEVLEUVTOFEED. ) ¥4 7 L0@mET IS FIIROT, Bxti
XY, EH2RIA4ILEAYIEYFPRARNKBAT, ROLORERAET &

-4-
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WTES.
T4, 220757 G, Go OVESHO 13410
6 : E(Gi1) = E(G2)

THEOAY P EY FRIOININEREFZRETEDOBFETSROE, G &
G X 2-ABTHS. Bz, thop 3-BHERGE, 6§ WEhsOMORAE
BrHEET 5.

HU f(Gr) = f(Ge) B, UEATEFLE2BRELALAEXZOEGEHSPOBEHE D
ZULRB3JOOEBEALRZREZ DS, BDESGOBEAGRO 1M1 M

o 2E(G1)_) 2E(G2)

TG -A & G -0 DEHNSOBEBPELIREDOBFEETS. 2D
© REIEUT ACB®DEE 8(A) C 0(B) &3 &53RTEhE, 06 BB
6RO 1IXM1IER 0  E(G) = EG) Ri->TEHETHS. 5,

A={ei,...,en} D OC) ={8C1),....8en)}.

ECT3T, Y97 GOANv kY P EWR, G OBES AT, 0@ - A) =2
ERY, FEOE ecA WHUT 0 - QA-{e}))=1E,R320THoR.
(REU, 0 3 ¢ OBRERAOBERERLTVS. ) Lks>T, Lok
502 0 PHETEAE, THAWLIY G & G 3 2-ARNERZ. %, 0 %
ESR o TRELESLVOPDHL 3R VONEKETS 3.
VEDFBEULUTELIY, LOCTFHEY OWg: 3-FE VS TREHBLTLES
E, f6) BEUVWYSTRAMES S L LS FHRER>TUES. TATRDU
HBBTXIBUBT 3.
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3. AMAN

EZBT, YFTDISEVFEBEBERES LS VUBRETE, 20 f(6) &
EH#T 3 2BEERY. MHE, 5, f(K) OERVAVIEAT, LOFHEB
MYOVUD2ESRLZEAEER2ERTUCULE->THDRVES S . RIL, 44 fKa)
=n EUT2EED f(G) 2EREUVLTVLROED, TTART LI BRSEAA DK
YUBVOT, HEDLSIRXIERRUVLELEDOTHS. 5RAHW, HRAD fG) %
7060 &9 5E, (6 BWHED f(6) 2 t THRALVRE t=1 BRALELDJO
EEMUTH 3.

df (G
£7(G) = (©)
dt t=1
wAD. (i) G=H U Hey Hi N He = ¢ DE X, £(G) = f(H)F(H2).
(ii) G=Ht U Hzay Hi N Ko = K1 DEE, f(C) = f(M)F(H2)/ t.

Zhold, f(G) DRBOEKEZEZEATDOHEY, TEREIK > THRBPBERT
CEMTES. G BOERERLVEIUWESABEIRALE f(C) BRESHOT,
EORAKNBBHHRKILTS. G B e 22X, ect(h) YIREULVT,
(ii) oBEW

x f(G/e) + y T(G-¢e)

x f(Hi/e)f(H2)/t + x f(Hi-e)f(Ha)/t
(x f(Hi/e) +y f(Hi-e))f(Ha)/t
f(Hi)f(H2)/t

f(6)

EiR 3.

20D 57T Hi, He BEZTHIZHEVSBHEIEHSM, (i) D5
NREFEOEE G=H +He X, H & Ho O—#$ (one-point join)
FIELS. FOARXD®S f(H »H) W Wi & He BUYTHREZHS £(G) WAUE
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BRRBRBTITHVPERTESIERIRS. UPL, ~JEHOBKXI 2-AO
BHELCPHE-TVEOT, (FH) ORFPRZEIRsTL.
BHEHHRETST ¢ KHWUT () =1 &EEDBE, LOARWREBSD

FCHy U o) = FCHOEH)/ FCH N He)

EVSERUVLTVE., —RRE, COIIRAABRILULTSNBEBVBRLY,
BEBPOIROGEBRT LI, REDBZEFTETH 5.

wE6. V97 K WHULUT,
G=H U Hay Hi N He = K = £(G) = f(H1)f(H2)/F(K)
BT E3R6E, K UaR12>2UrJHER2ELRRL.

SEBH. K NERBZ2THE u,v 2F2&EETS. KAD2THL x,y 2 u,v &
BFEATE >SS 7% G &7 5.
f(G) = x f(G/ux) + y f(G-ux)
x(x f((G/ux)/uy) + vy f((G./ux)-uy))
+ y(x f((G-ux)/uy) +y f({(G-ux)-uy))

ZZTC, K ZQuv 23821 %K, FRE2XMALDIDOEENEN K + ¢,
K + 2e tﬁ<éf’

(G/ux)/uy = K + 2e

(G/ux)-uy 2 (G-ux)/uy = (K + e) -+ Ko

(G-ux)-uy = KoKz Ke. '
ULk®-sT,
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f(6) = x2f(K + 2e) + 2xy T(K + e)f(K2)/t + y2f(K)Ff(K2)2/t2

&%, —hH, RKO2ADBEFRRIN 3B,

f(K + e)
f(K + 2e)

x f((K + e)/e) +y (K,

x f((K + e)/edf(o)/t +y f(K + e)

x(x + y)F(K + e)/e) + y(x f((K + ed/e) + y f(K))
(x(x + y) + yx)f((K + e)/e) + y2f(K).

5, G B22o0EMARMH T 5T i = <K Uu{x}>, H = <K U{y}> &&
BEh, i N He = K ER->TVS. RERKY, FOOFK) = f(Hi)F(H2) PHK
MURGhITRsRL.

f(H1) = x f(Hi/ux) +y f(Hi-ux)
x f(K +e)+y f(KF(Ke)/t
x TCK + e) + y(x+ty)f(K) (= £(H2))

Zhéak fGFK) = f(Hh)2 WRAT B &

{x2f(K + 2e)’+ axy(x+ty)f(K + e) + ye(x+ty)2f(K)}f(K)
x2f(K + e)2 + 2xy(x+ty)f(K + edf(K) + y2(x+ty)2f(K)z.

f(K + e)2 = f(K + 2e)f(K).
{Ix fK + e)e) +y f(K)I2 = {x(x+2y)Ff((K + e)/e) + y2f(K)}f(K)

BROTW, (K +e)e) = 1K) 283, T35, (K+e)e & kK QUK
(= DAV ZY, HABNES. HAKE v O KE t OB p CELL. U
R#oT, BEOZERABEURFERRL. ZOFBEOHEEE K K21
EHAEROTCLRELREZZ LSS, B
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4. V3 I70REMA

WMEBBRT LD, V97 G N2THLATHTS227 57T i, Ha W
FTHEED (G I W & He DATHESY, —RCIBHBRIW AN IR
Ui, 22U, i & H: OBEEREEATLVLES & 2-AROEEHISIIAHU
TUEDIDT, f(G) BEDLSZIEN®S. STHEALLTE I AHBB VI T nEE
TEHREEL, FRRAVERCRS. 22T, f(O) 2HEISFIRCEN-T
HARTEZDB32EROEBELEWRIT LAY S, TOBEBERERT 3.

XFZ x,y OFROABLU 2 x,y D)BWord)&EFS. EUL, BFEWE ¢ TF
FTIERTS. FOES W BROZEH (DG, G kT EE, W U
AR (tree-1ike) THAETF .

(i) ¢ € W

(i) wx e W @ w, oy € W

(iii) wx e W 2 w, wy € W
Bw EW, ox ¢ WODEE 0 2 W OEBAERU, W ORAELBOES
2 QW) T IERT S.
757 G, RREE W MUT., V53 T0K

ROGW) = {G(w) ! w € W}

BROEH (D),(01) BT EE, RGW 2 G O (W &Zik-k) BHE
(resolution) & IE 4.

(i) G(o) = G.
(i) wx, wy € W O&X, () DH BB e THLT,

Glwx) = (w)/e, Glwy) =G6w) — e.
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B, W BRE n LTOBELU»oRBEE RGW 2 G ORE n OEH
ERU, n B G OPIPBEL—HTBEE R(GW 2 G O2BREEXR. 12,
L2BREATRVERIEL2BREAEES. (resolution BERITHIE THMI Wik 3
B, ESoHELI & TERAI O A—-VREVDT, COLXH3RUE. )

BHow WWBLT X,y ODIEEL2EBALVLDOER [w] EtELODERTS. il
W, [xxyxyx] = [xyyxxx] = x4y2 &2 %. ROARTHsHES S .

wHl7. V97 G OEM RGW XW¥UT

f(G) = Y [wl f(Gwd).

weQ(w)

SEWE G P o lHOEA U= {ur,,un} BFTRUTVWE 20837357
K, HUXR2BUTVWS&XD G ORBRHER2EZ%.

G=KUH, U=Kn H=VWK n V(H).

UDHAX k(= 1U1) OB U = {Ur,~,U} (BB, U=U U = U Uz,

Ui n Uy = ¢ CGi#ED, Ui # ¢) RBUT, K b Ui TEREIREETNS
ERE21IDOHAREA—-RUTHONS T I TR K/U &¢ELIZERTS. CZ
DEE, (O, () WRDESRERHINS.

w&A8. U OEZE U KHNUT, X t,x,y 2F>FABRHELZEN AU)
BEELVT,

(i) 1) = £ A) dUN G ) = E AU #K/U),

. H O2EH RMW) = (H(w) ! weV} 2EX 3. HE oe Q) x
UT, I(w) B OPOMIREIDOR->TVWEDT, ZOHEEE p &5
E fH(w)) =t ER->TVE. UDHE U = {U1,,l} RHLT, A w

-10-
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D55, H)ATW UDTEAD U TERID2ODEARRS>TVEHDRDL
‘(ﬂMwDMk&Ebébﬁk%@&A@DtE<.i%&(Quﬁémmm
YD,

22T, G ORE n OBAERE RGW = {6(w) ! we¥: (n=H OBF)
2 QUKW EEITREZ2S. & 6(w) W H(w) 8 K 2EMUAERR->TL
3. 2EU, KO UHNOHEARBUTEESRZE—-HEBIh TS, HIL, &
H oweQ(W) 20Tk, 3% U048 U XAUT (w) = Hlw) U K/UY
WU eHELE H(w) © kK BOTESARZ /Y TEZ#MARZDORRS>TVS.
Zhbho, (i) BRZITEERHLMPSEESES. R

Adt2y = 22
AGUYL ) = 20y + €%

2. 97 6=K U H OXRHEH

ET, K & HOWVELEREARGEDIRBESSH. 22T, #iLL T
57 G BROXIXABUTVBEIRET 5.

-11_



(i) G =K U H, U=Kn K =V& n V().
(i) ABMER o:H >0 T o) =UERBLOBEET 3.

DY, G R K 2bEDhFEFET, BEBEELITWK, H 2 0 TTFHULTH
JEULREDLDDTH 5. ‘
28 U = U0y HULT, o(U) ={aW),~,0)} &E&ET 3 &,

wE9. UODOEEDOHY U HUT fK/U) = f(K/a(U)) 2alE, (G
E G BHEULV.

S, BRE® o: 0> W 28BUT AGIW) 2RF->T G’ ORE n O
HBARE ROG W) = {6(w) : weVW) 2HRET AL, BEBE we QW) T
G’(w) = Hw) VU K/a(U) ERro2TWVBEMS, f(6G°) i

f(6’) = % ACU) f(K/ o (UDD.

ERENS. UdP-T,

f(G) - f(G’) = %} ACUDEK/U) - F(K/ o (U

Chhrofmrkins. B

U= {ur, v} O&2@28 {{ur, vl & {wl,{uell 022U b0,
EL56028 U MUTD 0 (U) = U &R>TVHDT, Low@EILLDY,
COEZERIVDOTD f(6) = f(C") TH%S. H 2w 2EELIYIT L MUK
Uz MWORBEBRABE, G o G’ NOEEWE K & H OoBMAEE i o
Ue WEZRBZIERMIET S. B, K d vz BBUKEUVULTERATLAE, %
DOEER G »o L OB2RYPVBRUVTARAIR ve 2BETSOELHEHUIET
5%. UhP>T, COBAE 2-AHMOEER f(C) REARVEVIEFERLIY
U TWV3.

_12_
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wiEBlo. K, H B220HK U =A{u, ue} TEBLUTVLR L X,
£(6) = {(t fCH/{UL) - FUDIECK/{UL) + (FCH) - fCH{UIDFCKI}/t(2-1).

iEEH. B & WU} O2EBHOHRSOERZEZNIE, @8O EY, f(H) &
fH{UY) BROESRREBTZZEBbh 3.

fCH) = A({{ur},{ue}P)tz + AUt FCH/{UD) = AC{{ui},{u=2}1)t + A({UD)t.

ok A{ur},{ueld), AU DOV TRV T, #E8D(INKRATHIE
BoXpHmohs. B

%Eii U= {Ula uz, US} (‘:L’; L)\—F@ckii:ﬁgljz:%ﬁﬁéf‘jcjﬂtﬁ(o

Ue = {{u1, uz, us}}

Ut = {{ur}, {uz, us}}
Uz = {{ue}, {ur, us}}
Us = {{us}, {ur, uat}
Uas = {{ur}, {u2}, {us}i}

waall., U = {ui, uz, us}, ouz) =us 25
f(G) - £(G*) = (FW/U1) - fH/ UK/ U1) - FK/U2))/7t(t-1).

sgEBH. 0 (U1) = YUey, 0 (U2) = U1, 0(Ui) = U (i#1,2) REEIT LI,

f(G) - f(G*) AU DEW/Ur) - K/ o (U))
+ A(UY(FK/VU2) - K/ o (U2))

A(U1) - AU DNEE/U1) - FK/U2D).

-13-
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zoT, SEMEREURE S, T, fH/U), f(H/U) BRDBE,

FCH) = A(Ue)t + ACU D12 + A(U2)t2 + A(U2)12 + A(U )13

FCH/U1) = A(Uedt + AUt + A(U2)t + A(U2Dt + A(Ua)t2
FH/U2) = A(Uedt + ACUDE + A(U2)12 + A(Us)t + A(U4)t2.
fH/U1) - FH/U2) = (A(U1) - A(U20)(t2 - t).

CThR2BEHORRRATHYE, HOXBZ S50 3. R

H %2 ui,uz 2B2UWAYS57 L EWMYIH v DORETIT, H' # ue,
Us BAL L CEAMBEATITERTIE i PORETSIITIETBE, G D
5 G’ AOEEWE K & L OBBERO2HEAO—H i & v REET B2 &
CEAUTHZ. WU L EAMTHEH, /U & L/ {u,us}} EWMIK
b P ORAEBRET ST THE. I TOEBRAOERKE £(6) © xo (q =
DEOOERK t+ OF r RELVOT, fHW/U1) # fHW/U) TH3. Lldo
T, f(G) = f(G”) Y REEHODPETHEBIL FK/U1) = F(K/U2) THS.
Zhipo, ZIE,Q’(?%MD'CL\%%56}797&5}%?’%’7"57 G @ f(G) k8
MOBHFA2EATUESE, 250, 2-ARMTRVEERUTUES EEILLT 3

BEBHEIEBhHS.

-9 .

1=3 2

3. 2-EETRVER

-14_



154

—#8C K & H & n HEATEMULTVESEEDd, G0 & 11 OFEHLE
2T, AU) 2 f(H/U) TREW, (O W fWU) & fK/U) BITHEXT
FTIERTES. U7, (O W K & H & Z2hoB&lTtEMUTL
EZDROAMFELTRES LS.

ZTZT, AFPHY ORBIZHEA UV LS EHAAEROU, ROIIBRTITRHE
Ryhldivwks5.

FifE. 3THA ui,uz,us €V(K) 2 U T, f(K/{ur,us}) = f(K/{uz,us}) EH,
o) = uz, u2) =u1, ous) = us ERZECABNEERERRRVWIT ST
K BEETEH»? EU, K/H{u,ut @ K D6 ui & u; 2A—-RULTHES
hW3735T7KRRUTWVS.
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