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FROY—5»67 57 Hig~
BEEN KEBEZE # E 4 i (Seiya Negani)

TPROT 06T S57HEN] LOSEATHIN, TARERWL>2h0E
REH B, —DR, BRPBEF MR-k S7BHBDODFICBARLT ¥
BLOOSHEAEBRLTWEY, TR, MFOYAFTHIANE P Ko —
PoRBLEANZERE AR S7HROMANBATILOIEBEKRIEEEST
WEESEN, MHBEEGTS7HRLERE, FS70HDRAREEHRT S
EHBBOY, AR TREDAZLEETHMOBKELERL, Thilioewn
Yo7 HEBRZEALEY, Bz, [6TI2R3:, RO ERLEGXH
T, VOSIORBEMAAALTHE~OHDAZ BRI IZRELA TS
B, TITHR, FERBBRLE “1, 2, «BHHE” 2HLEBREXHRS.

1. “1, 2, o” %

Y5 7GEABRBAHER S 7LT 5. FS7C0HAEEV(G)M6GOHH
HRESGV(G)oE~DEHp: V(G)DVI(G)T, GORBOHE vOERHERV
Cp HUVv)DEEN(VIRHBRTEE, p: N(V)->N(v)I)B1MH1HEGzkD
bOBPEZEINTVDILE, GEGORBEM (covering space) X/ WRHEY
2 7 (covering graph) v, p: V(G)»V(G)2XDHEL®EE., Hir,
GOHECHEROBAIMADATBIES CO2HADH N p CCOR—DEHA
RBERTWELE, CEGOEUBRET 375 0w5. (F37HRTYS EN
V57 RBHL2. ) HEPREFRWIIHAOBBEEEAERELTVWB0DT,
GOLEGOUIBIBERIERILBEILS. TOBEHEBALEBSpE2AHVT
#U, HASAHMLLEAMOBERE2HET, p: GoGL&HL.

LoEBR RO - RIIEBEM2HMAEHEHKEBELEZFTOHDT
3. BRHTSTHUTHAROEZRBTEIN, HETHBERDIZDT, &
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CCRBHET ST OBRERS. £F, BESRBZT/STRARY 57 LT 55,
BBV 7RERTS7THR/DRL,

2CTC, 520N EVSTORBT S 7 OREBMBEOHEEERRODDOBEET
2pEIDEEXS. WA, PTHMNLRBEES7 8550 MAE, BRYS
J7ECHFBEEARTISZIEH LUTHEXRYESKRS. TR, ElRZbOK
HRTBLEI 230?28 RNTCREIOBEBEIROEHINMICEHZRE. 2L,
“EHI” OS5 HBEDHBIDTRELRBETHRZL,

£ 1., #ERITS7GHEHMHLREMNFREBEMERF >R 6, GREX 2
EDOFHHTHEER 2. |

$£7, r-WF (r-factor; r-EN2BBAT 5702 L) 2HTZH0DEE
CEMSE, ROKSRERVREEINGE BB,

W2, BEVSIGHr-BF*ETIHBEBZR2E>2 o, GUB4
QEOBBEMCr-BF2ET 3505,

COZODOEBIBEOHE2RHR > EREBEEZM DA E, 1Er2EDDHOD

BEETILOSRBORXA N ELTWS. 2%y, 1E, 2E0bOREE

Laidhif, »EkZoTLESOT, “1, 2, »” zOTHSE. LdL, &
HIL2RRAZRBOESS. EH2RERGRETIBL 2EOREY 57
ACHOBEBHIBRTBILTEYNTEZY, EHITHRTAIBELYL, &H
litB0Th, EEMEREEMELE) K FENRAREERMOHEERR
TEBLHBEREHOVELL. T5058ADS, “1, 2, o” 2HET 3.

2. BR_BUBES S5V
GHE_-BF570r%irit, B(G)=GLrb%E, “HIS57ThoE =i,

BFOES>KULTB(G)2BRT 3. £7, GOHAEAEV(G)oa¥—%2>

HoX, YeH<. GOEAv, udX (Y) KRBT a2V —%2hThvs, ux

45

(vy, uy) &S, vEuNGTCRELTVWELSE, viluy, vy ux®E
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RTROHEDTRHSE. I5LTHGRETF7HEBIG)T, XLY28EAR
KO BMYS 7k RoTHEY, aP—2FUSFIRBIBEEEHBEBEOGO
BEZBMIEZTOVS. WFhoBaiks, B(G)R-HBY>7207T, B(G)%
G @EE:%&E?% 7 (canonical bipartite covering) & 5. |

KB r R —omBEEES L, GOEAR = (G)OEETB(G) 2%
T&5. ¥7, N27z:1(G) DA TRIDPBROGOHMETERZEIhLZHDL
BoZEELT 3. ZONRZ(G) ORI E-R20EHBARTHS. 0
BABENIIHBELEGOEBEZREB(G)THS. 20, H#¥q: B(G)-G
PHEEITIEARAFOMORHEREE T qu: 1(B(G))2=.1(G) ODBRHENK
—H¥ 5. B, GHRYE Br570r s, IXTOHMOEXBEY
TH506, NOBBE1IZZYN=z:(G) 2227, B(G)=Gt 23,

—Bi, “W7S57CHGORED: CoGEEOBREREMIZ> TOhIE,
HHEREEKpr: z1(G)2%1(G) DBENKEEERSE. COEEIGKD
EHREEREL S,

EM3., “BYV3 70k EB3CGoBEBEHRHEP: GoGiq: B(G)2GEHISH
RTEB. Thbd, p=qreR3BBEHEr: GoOGHEETS. 1

W%, RETEHHERBHLY LEBELEXEDT, B(G)KGOH HE
BYS7OMT—BTFRHBLESTIL. COHBLIKHAMORTOE B
S7Dr-HFOBELRETIROEHLMBEDET, EH2RXHBENT
% 3.

EB4 (0re[0]) —#F¥>7B= (X, Y) Br-BF2KE-orHouE+o%
BRRD (1) BLEGED)BEVIEDILTH B, ’
(i) L BoBRPELEESCX, TCYRHLT,
e(S, T)-r1SI+r 1 TI—3 {deg(t): t€T) =0
i3, EEL, e(S,T)RSLTOHA*BEARE>LOEKTH 3.
(ii) 1X1=1Y1. m |



85, CREGCGOHERBBI/ 57T _BI57THBL95. DL,
CHRr-HPE2BEO-DOBLBEFDEBRGH-BEE2BOZLTH 5.

Fu: p: GOGEuH1DUBHE (n<wo) T35, GHr-WTFEFHOL
%, ThEPTHEXELFTIRLECOI-HIREZDT, +HHBEITH 3.
22T, BHAO)OFREROLDEL (S, T)LEX, GHr-HFa2RO>LK
#£T 5. $52, COBELOBHLSES, TRHLT,

E(p ' (8),p " (T))=n (S, T)I=O0
rRBh6, Gb(i) 2HELTVWEZ RS, AR, (D)bmXh, Gi
br-BTFHEEETS. B |

LOEREPS “ZBTS57” OREENLTH T HHBEENLETIN, —BRicHh
BEREMZLEY, 238, PARTS 7 bEBE_BEBIT S 7205 8
TFST7BRHELTWBEDT, ThEMAKLUTERSBHHTE S,

EH20HEW: GCERr-AF2ET23GOEREBIS>572335¢, B(G)br-
Ht%8db, G2EHI53HEP: B(G)2GIRIYVG2#ETS. eH3RTX
D, p=qri25BHEr: B(G)>B(G)BEEL, XS EMSIZLD,
B(G)br-HTP%%>. B |

3. TH#EHBE HAMN 2 KHERE

METREESKE, B _SBEBES/S7%2%x5s, BHEEZMORFIHELT
RKEIVWRAEALEBORS. ChEALEIKR, BHEZMOTLHEL2EWNTES
B4 2BOBERARUB/ S7BERTEZILIIELBENEL. LL, RO
EHEINIFRT IR, HELE~OBDAZB—BHIFELEVTS7 N
LT, 20X 2BBEHRZHORERTE RV,

X6, BT S7OLHEAN2ERE Y S 7OANBHLHBRHE~OBDAHZOD
AEER - 5T 5. o
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Ll, 2OBEBOLHNBEBEYS7OMR b Th BV OBEREET 3. ©
DEFEEZRA2-DIT, BHM 2Kz EE (elliptic 2-orbifold) DFE%E R
RE BRIV L, 2RAMEKLE, AHOEHATHLERLERBROHH
BAMTHOLBOR RO TOIMMBMTH S, &ir, BANLRERSS
DRRABEZERBOUATHO THOINDIBDT, FRRRLEI XA SIEDHE
XHhTWBITh,Chap.13]. Bz, MMM E L THD» I L, Tholk¥RE, HE
EH, MHEOCTFhPTHEE, BERNORGAOBELMKL THET 5.

km ({id})

&

§I
-7

TF_

% ‘ | (%ﬁﬁ:ﬁ)

1. BAM 2K cREEDHEEX

A A UEAICE, MEOHAIRHYETSH 0D (corn point, elliptic
point) , ZODHARRERALH YT 3HD (corner reflector) HFXY
MimDER (reflector line) D LRMBEITIHDODIEEHYEDY, THOKK
P, 9, TEZDORFHEFERIATHS. LFL, BEZBOoARESELTHELT
WBEDT, BHEhINE2REMIZLIT S, TORFRRE LOBREN
THIRTIAZEET IEREUPESIBIREHRL TV S, » f

WxiE, p, pEVTHB7y b E—NRoboik, 1XoHDEbYDHE

-5-



HTCEHS>EBDOT, MLERAOZOOXALZBMETIHLMBprpOKEETH S
CLEBHLTWE. £k, 207y KL ONBRERETIREA T
FEOFOHDT, TO_AROARHIE LERELOER, =/ pOAETEK
PE2HEDAMIET ZRESERT K2 p D —AHBZLVEETATY
5. £, TO2ADBOBANEEOME REAMIEHEL TS, AHOR
ARESHROHBERIZEVBEOSRZ LT, p, ¢, rRRREZARON
BORBZEDRECERHIELT, ~
ste
PSS EBARL. £, ZNO-O0HBTEEE, REL7 v hE—VEEA
HHILIMOTHOREHDOTH 3.
COWHB2RAREBOBBRERD 52 L TROEEHBIEY T = 5.

+i>1
r

EH7. ETPTHNESE VS 7GR FHAREEBETEMp: GoGIZHL T,
SEHM R 2EHEBEVS7P(G)eEEBHEr: GoP(G), q: P(G)->GHE
#L, p=qr&id. LEBST pPnETHILE, nXBRTHS.

W —REREERSSEE0OT, TITHORI-ERTHSERET 5.
T3, SEETEANT 57 OBDAZOBEEDMIINIL XY, CORBER
BASRECHET LI CEEPALILATES, TOMKN CRE SN
BrE1OBAN2KARBEROCThDILRY, TONIGHEEDAETRTL
B, LIoHK, EOSOERLY, TRTHADLLRABTHELS, oK
HHABARENS CLit, GHEFEHENTHEILEEKLTEY, GORER
K¥%. LEE->T, GRHEBEEE /- corn pointe — 2 >HBEHEHOHIZ
BMHAERTHY, ARTRENEK2OREMZ, £ H6K2 p O HHR
Dy, WHBTHE. WTHhOEEGHARBER20BLIBE2EH, TOHWIHTI
HEHOLLOKERTREAD I RADFHIHCTH S, T LHDAER
TWw3757%P(G) B, P(G)HGE2ERKETZ. N

BARNKS, BEOP(G)UTRKEKFEL, B(G)DEKSKGOBPORETE

-6-
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BHLOTREY. i, HAHZKAAEHEONEEACIHY, BHEH LB
XEZLBEHRHZ0T, RENBBEMEHLTRABEXRY. UL, B2
D.Archdeacon® N.Fellows DEEDHIEI &V, RKOFHELRYVDOHETEL
W e RBbro T E N5 ’

[1-2-0oF#] FEHMLZERBEB/S 722757384 2E0LH MR
BBV 57 2EO.

Angl,z,z,z‘ E,e2K,, s~ K2

- H2. BHio=D

TCR, COTHER2EERNIIBRRTII-OLE, EROZ20 757X EEHK
REBBEEYS7 2B LRV L2 RBEICEVIHETHDOATH S, #
EREEHM Y S 7 D DKuratowski BEBRLEBKLT, ARRIE2Fxv 7T
RETSTHBEIZLI00MB>-DT, LOFHPEIBUELVEEXED
THB(D. ol OLEBRVOELS, TSRBRLESER, ThThi
HUT, PRy I REBB/S7URBEEET 3. 15— ARNEEBEL
Y, ARLEH TS 7O0BRLBEDEVE, WARVBEEEZRLLTVBEH, HH
=723, Fellows B Ch6%2BHED - (terrible two) LBEA T 3,

ERrorE-T, XTEALEhSDERDYTREV. KL, B0
BEHHRERBEEY 57 (2BZRE262W) 28o-2 0L TH, HEMHLE
Bizikhokd, SETCOMRBRL2ENTIL, FTHAHLEREES S 7 28
27 57 ZKuratowskiBDEHE THELT T 6h 5.

COFHUEEHEHIIORELEDOER, RHETHIS “El” OofErBRVE
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KEoFTEBEZOHS.

[1-2-c0F# - B{LfH] FHAOREBEEHONBRE4 2E0THYREE
¥y57%KmT 5.

COFHBELTRE, PEEANT S 7O PEHLREBRTZMAnELZGE, n
BEEC S, RIEFHEPTEIRELZLLTH, nFERICRIWREZIKE L.

4, AP LBE
FHENERBEEHOBROMB XL N3, HTFOHRB(G)EDBE0Y
TREAL—XRENBAL. ThEYB(G)OBELABH RO, EH20
HZHOFREDTEL DR B0 EY, 22T, B(G)2HALT, H8¥
W7S78E (BEOVS78E) ~OBERLTEBEEHD -V,

FS57GOEBBR TS5 7 FDHEHSE v DR Bdeg(v)Palboliiizdh sl x,
F’ﬁ:GOla‘,bl-E?1 ([a,b]-factor) &= 5. ¥, a=b ks, [a,b]-HF
a-BFTH3. V57 Ha,b]- BF 2K 0-DOLBE+HRERIY RS R
BTCITRERODOATVEN, Fry /TSR ERBrEVEXETHS, =
TR—BARBHETR, KOXSKFAZEEI(G)2EELT, ThOEBOE
HERT.

> {deg(t) : t€T-S}— e (T,8-T).

TT1 =151 :T,SV(E), ITI>ISI)

J (G)=nin {

8, J(G)2rTH3-DOLBI+LEEREEAVIEHLT,
-degF+(v)+degF_(u)=2 r

253G r,r+l]-BHFF.2[r-1,r]-BF+F -BPEET I L TH S,

EHEBDEM: ¥T, RELHSIHTFEROILEB(G)Nr-BFEEHOZL
KEAHETHEZ L ERT. | |

F2B(G)Or-B¥2¥5L, FORUHBa: B(G)>Gi&Y, 2% 1%
FR1IF1IEGOBEBENRS., TIZTC, GORBLEI~NHEXHEFOIOD

-8-
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A¥ (0, 1, 2) 2ERLLTHEEXD. T3¢, GOEHAILERT L
DEHOBAXZ2ritiy, TRESEITIER1OBRBREATHS. LK
52T, BRIDUFBET IR S5 70EB2BA 15— - V57 THbB. %
DEFAF—HMBEIZRO>TOPOHDTOLXERBERZATI TV, BRADS
DHARZROL XD VWEDBRABT >ERT LS. Chdhd, BEH20200
BREVBEXhZ382Y 571 r,r+1]-HFF. 2k, EH20 02 XDD
WEXVBHEXNEI3B27S57 0r-1,r]-BFF-IR 3.

SEX, GHREHIIHDF.,, F-2HHL¥5. F=q '(F:-UF-)t B %,
Fo&l2HELELE, F.F-OYXB56RBEXRB3PREKBLETH, —, =%
HEERXD, &%, +EFER-B—oDREUHTVWI3LREETSIB(G)D
BATS7DBRDPBAA5— V57 THD. Im7ZL, B(G)BR_BIS57T
HB{3Lhro, TOFAS—EHBRBBEEAOILIPOGRBZIDT, ThizHh->TOL
XEREREZAFTOLE, BREACRAVWTHOLXOIRAKESET S, o
%, tOPLODLHRBEETEHBRY 7 Fr-HFiz> T3,

ChT, BHEHERTEDEBRBG)Pr-BHF2/>%£42J(G)2ME>THEE
Brihdkocriohotk., 28BS 70r-BF0HFEEZFHR T TR ERL IR
ThTE306, TOEHECGOLRALVTEMINIEL D,

if,BKH¢G&?6.#bﬁbéle:lYlﬁme,iﬁ4@ﬁm4
HoHrFMIHLhELI Y., TOREXNL2BAET B,
r (1 TI—18S1) =% {deg(t): t €T} —e(S,T)

LhE305, ITISISI O ErREIlaELOLLY AEWHIZRZT 3.
ZZT, ITI>IS | OHBEEHBELTBEL, rROVTHLIEHTE S,

p<2 {deg(e): £ €T} —~e(S,T)
= I TI—1S1

LESB-ST, BG)Fr-BF 28 2-000B+2%H R Lo IDOENMID
DEERBHIELTHS.

 HLEBHLETCB(G)DLANVTEMLTWEIDDESS, J(G)DEHZEL K
KBTORH, WBREI CLREBLES. 22T, GOLNXWTHAZ Nl
Ték&k,VKﬂ@ﬁﬁ%éT,S(&bvrﬁxw)%lTl>LSI®%
HTHERIZRES, HBaqa: B(G)PGIR&EY, SXoflic, TYoflicsl&
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LTFEbDEEOEADS, TTHELEx5. cok%E, B(G)OHTHML
£ EORBOML I (G)ORRKLDEHBOME—HT 50T, J(G)ZrTH
Bri EORERNBRIT S L HBFMI R 3. |

B(G)=GorEiik, J(G)Zrksif, V(IGO)0EEOBHESLS, Tk
#UT, | - | | |

r (ITI—181) S5 {deg(t): t<¢T—-8} —e(S—-T,T)

Lo TwBEN, HitSCX, TCYDLr %@k, T=T—-S, S—-T=ST»h53
o, EHADG)BKRMELTWS, ¥k, S=X, T=Y; S=Y, T=X¢&
B, 1XI1=1Y | bB5h3. Bk, CHEAOEKSRULTVWS L X)L,
S, T#X, YEGEATWEBARAY CRERE MM RIE, T (G2 rH
Bohz. N

iz, GHr-EHYS70L &Ik, J(G)=r (HEME) 43T, KO
AARHEBITEMR S,

% (Tutte[Tul) . r-EHIY 578, OSKkSrh38Z0AKRKkItHLT,
[k,k+1]1-H T % & >. '

EEBOEWIMAE, B S5TORFRET52EE ROV S 7ORT
(FELALERT-bORRE) OREEBIERTEEEAS. £, B
DEHDEHLB(G)ZHVWTRE®T O TESZ 2B LRV, AxE, E
DRBEDIVHATT, THVWHCL22HRBVWT, HFHERBIEHIHRTL
SMIBEEZMBT ALV EBHEZDOTREVTL & 2.
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