HURE) =R T BRI OAEAE 0B & Al OV H DT

FORREFER R #e G L FeRt
SRR RIS AT AR R

\Fx1EZE (Masahiro Hachimori)

1 4>k 3>
— BERAIREE L EE N EIDEE

Afe TITHAREEOMEE0EI O T T O AT REMEZ A IZ & VD | KR A]
RBTRVWEIRBIZEDLIITHEL ZENTEEIMNE VI T EEMIT LoV,
FRCHUD BT 2 O3 FTEE TV & 9 72 3 IRGTERE D = AT 8T € Ot
BTV A ADVNE AFHREDORE VWL D RAEOH OMOALZFIHT 5, &
7z BWITITHOW T DRERZ SR TCIZILE S D HIEZ OV THMBAT 5, AF
I% Ehrenborg&Hachimori[9] D& R DN TH 5,

AFa T O OITEEEEROME TR R 5ENZHONTOMEETH 5D T,
FETHAEMBIRDOERZ R TE L,

T 1.1. (HAEOEE)
B {RpI#EIK (simplicial complex) C 1% EN oA RO BEKDEL T,

e e (CibiFo DT RTCOEHYL C DEFETHD,
e 0, 7TeCBIE, oNTITo L TOHMEOHETHD,
EWVD CODERMFEMTETLODI EThH S,

2L, ZZTCTIEHZEEAVIFTEEOHKD —1 RTDHE & B ZTNDHD
T, EERBEEROERITILNT 0 2 ERIHFOZ LICERELTRL, ZOEXRD
He THR] 29 _T NI HE) ICE S 72 ONRLEENERTH S,

HARMEROEEOFT T, 0&kTDOb DOIXTERM (vertex), 1KITDH DIE
i (edge). £ LT, WEBMRTHMARLLDITT 7Y b (facet) & FEZALTW
b, Floo 77y NORTEORRKDO S OBNEEIEERORT TH S, HIRH
BHETT_RTO7 7y ORITHPELNE D720 D3 (pure) TH D &\
b, AR CIHEANIC Z oM ERNEREZ XI55,

HEHEER C IR LT IO] = Uyeco & C OEREFHIEDR (geometric re-
alization) &9, K2 |C| BNEEEE M LR TH L, C iz M O=ZARS
Z| (triangulation) & FEEN 5,



ST, ZOMTEICEZTZWVDOITROMER TR WIS TH S,

EE 1.2. (HERLATRENE)
(i) K (dRTHE L ZDOFT X TOHEMN S 7225 HARKEK) 1318 B A B
(constructible) TH 5 L EFT 5,
(i) =o? d RITTOHKER C, & Cy NIRITHERFTEE T, X512 C1NCy
BNd— 1R TR TH AR, C:=C UCy IIMERATEETH D & E
%j—éo

FRIZHERL ATRE 72 AR EIRIIM T o 5 Z L B HIZHED O B b,

Z D& 1T Hochster[16] 12 L » THRANZER L SN2 b D TH DA, Ak
DEZFITH - EHWHAE MR e U281 5 PL IR - Bkl O pIED F
WZH R 65 (e.g., Zeeman|25]), Z ORERLATRENE & W o BEE I BRI BEIR %
MAEERREHTHRTLZENTELINE I, LWIHIBETHY ., Z ol
O EZR LT A% (combinatorial decomposition property) & -
ITND,

WRCFTREME DR & LTI @ HY . —DiF v =7 70 o B&adk
LW R b Y — DI A TR T % 5 Cohen-Macaulay B {KH)#
RKOYT 7 FZ AL NI RFTFTHD,

1.1 #EagEtvs VxS EYF4—. MZEAE

T 7NV EERIEBing[lliIcb Ao Ko ITHAEE AR e
oI BWTEZOMHERm LA TE LS TH D03, £O S LITHTICIE
Schlafli o 1852 4 ™ Z i A D BFZE D o Tl Z i A D i 5 D 723 % i i 9 4
RPN THEE LT GEHERE C)RESNTEY, ZOFELFEH L2
¥ L 7z Bruggesser&Mani[6] 38 L OV E A FIH LT T EREMH) ZFEH L7z
McMullen[15] TZ D EEMENL Bk SN DICE Y | BUE TN H RO
JEITH &LV CPIEFESCHAENEERE - ROMEEHES h AR o—2im L
5 ECEELRY—LDO—DLoTND,  (FELWERICTOWTIE Bjérner|[3]
R Ziegler[26] 7e KB I -\, )

ST, ZOv=7 7N HrME&TH L0, ERIZZEAEMEESER
NERIZOWTERFRT D Z LN TE (e.g., Bjorner[2])., X HITITMTRVWE
KIZOWTHERL Tl a D HILTWVD D TH 5 M (Bjorner&Wachs[4,
5]). T Z TIIlie BARBBEIRIZEHE L2 E D ERE TR T 5,

& 1.3. (=7 UT 41—)

d WIEDMABEIKIEEC D7 7 v k& Fy, Fy, ... F £V EICES, %
J>2i2o0nWT (FU---UF, )NF;,Nd—1KILTY=T7 TN HR>TND
kolzcE s, Cix T T (shellable) THH L5,

o757ty Ol ~JES ) U5 (shelling) 5,



(B (7 7y B—2) OLGIFEBNICER MWL TNLIDOTY =TT
LTHY | FRZ -1 RO BRER {0} x> =77 Ths, ZDv=TE
U7 4 —DERIFKRTICE L THIFNIZAR>TE Y, —1 RO HEKPBER
{0}y 32 =25 7L ThHZ ENFROEILEICRS, )
ZOEREWDTHDL L, EXFOLKJIZHLT(FLU---UFj_) &)
B ED JIZONWTHEROFMZWMT-T Z EIZRMALSTHA S, THIUTHE
HLTLY HIREZERT 2 CIRO L HICEEHZHZ LN TE D,
EE 1.4. (FIRNRY =78 T 4 —DERE)
() BikiZs =9 70 Th D LEXRT S,
(ii) d KICOBEKHEERC, & dRTTOHBECy iz LT, b LC By =T

TNTHD, o, CoNCyNd —1RIETY2T TNV ThoTz b,
C:=CiUCLIZ> =TTV ThhHLEFTH,

INREDOLLEDEREEFEMTHS Z EIXHRICHEN D LD,

ZOLTHBHICESHRZ THD L, VIDITHEIT LI FTREME O E
12LIEFITH TV D Z Lok <, FEEE, B 1.21I280\W T Cy & HRIZH|R
THIEFDEEL 2T TNDERIZR>TLEIOTHS, T7bb,

T 7 = R ATRE

EWVWH LI TWVAHEDTH D,
EHICMBZHEKRE OR# A2 T < &, A4 7 Bruggsser&Mani O & #H %
WRDOEI b DTHS,

EH 1.5. (Bruggesser&Mani[6])

MZEAROE R & 22T (0 F 0. N E RO IR LSO O 72T HAK) 1%
I TINTHD,

ZOERIF =T 70 LW IHIEEEZIERIEERIZ OV TER L T
DSEDDTHDHN, T CTITHEERWRGEIZOVWT L= 7 7 En 2 &
R LTV 2D T, M EA S EERN b DICREL T, MRk X
RN B D Z Lo Tz,

BN ZHAEOER —= v =7 7/ — HRCATRE.

1.2 # A EET vs Cohen-Macaulayness

—7J Cohen-Macaulay & W O & E ORERDO T R TH LS,
Cohen-Macaulay 72 BRRGHE A & v 5 &1 Stanley[22] o BLAR)ERH (2D
WTo TEREH] OFERICmEZRE L. =7 7 & o BEFEER, HIEF
HEEXHEBOEEDOERIZRDE R VEE LSO —2Th D, ZHUEEH
WOBEERTH L ME VD & BIRAENR C 1Ioxt L TIR k o Stanley-Reisner
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BRke EWVWIOBLONEFRIIL. ZD ke » Cohen-Macaulay 2R CTH D L X2 C
X k £ Cohen-Macaulay, & ®{K T C » Cohen-Macaulay Th 5 & &
\Z C 1% Cohen-Macaulay TH5, L \WH LD ThHD, ZOMEIZHOWNTOD
FF LUMIERLE Hibi[13, 14] 3 X OF Stanley[23] 72 E &S S L7z,

T2 TIFZ ZTIEMAWERIC TS, Hochster (2 & 5 ki 2 #JT
L7z,

dned 1.6. (Hochster[16])

o0 dRTOHEKRBER C, & Cy A2 Cohen-Macaulay TH Y, & 51
CiNCy 7Y d—1 %ot T Cohen-Macaulay TH 5725, C := C1UCy 1% Cohen-
Macaulay TH %,

COEWITHERFTREMEDER LIEW B EZ LT D, FEEE BRI
Cohen-Mcaulay THBHDTHH M, ZOHEFEL R ATREEOERE 1.212L 0,
RERE ATHE 72 BUA R IR 124 _ T Cohen-Mcaulay TH 5 Z L 24T Z LN TE
5, DFED ., WOBABRBE D N> TNHDTH S,

5% 7T = Cohen-Macaulay.

Z OFTix Cohen-Macaulay & U 9 B2 DWW TIEEE L <l _7A2 W3,
Reisner[20] iZ L > THRER V—HOSETHB ST N ELZ LN TND Z &,
& 5|2 Munkres[18] (2 & » T Cohen-Macaulay % A% HL R P #E {A  8 (o 2 1) 5
BOMaY—IZLoTREINDENVI ZENRINTNDENS Z EIZD
W TR E 2V, ZHUHDOREND ., b ZIEZHED = AR HE 0
AT REr V—EKRE O = AIEnEITHDH Z & L Cohen-Macaulay TH 5 =
ENFEMTHDLZ LT/ D,

— ., HIRMMMZEEN Y =T TV THD 2 & & AR CRI kA §E T 7
WERTH D = AT B DAL DAy D X D IR TR = 7 B U 7 ¢ —I&
FRBE =D > TUIRESNRWHEE TH 5,

1.3 #|ZHA L PLEE

LIS CHAARPMZ m AR OSSR N 72T BRI EERIZ DWW T L7228, i
WTEARPERO P CIIIEFIZRONTZ 7 T AT HLDOTHDH, BliEkd
L RN SN TVWA 2 E NHEIZHEND H LD,
o fMiTHDH, MEEADOKITEDd+]L ETHET7Ey MITXTdAdRT
Thd,
e YDd—-1®kDHEHLHEHIE SO T7 7y MZEENTWS,

o MEHETHD, 2FV., FO-oD 77y b FGITHLTHlHEEZD
X7y NOIF =F,F.... Fs,=G% F, & F,i D
1<i<sizonwThiEDd—1®kcomEF->LH>I2En5,



Z D3 2DEMNEMTZT X O 22 BRI AR ZHRIK (closed pseudomani-
fold) &FHIN TV D, —MRIZHEEZHRIK (pseudomanifold) &%, EDOZHS>HD
ZkE TPDd—1RiEbEx 25077y MIEENRD] ELTEHDOD
ZLThD,

Bl 2 0E (A7) AR D = AR NI RIEOH CTH 5, BERED
d—1WRICDETHLEIELIDZTO 772y MIETSHH DT XTORAERKT
L ERITIER (boundary) LMD, ZHUIBROH D ZEREO A
FEOEZEITD & O FEROESITHIGT 5, DFE 0, BBRZERIE L VO DI
BERDOIRNESRIED Z L TH D,

M ERRLT NI L2 b OOWE 220 E B o84, () 2k
KEZBLRZOMGETHOFMO THRRIETHAH, I I THREERSERK
IZLIE>TH D,

T, WA ZERIRICIZ EARLOR BV BLDEA 0, £0)
ZEEBATCHIZVDTHDHN, FEIIHAATRENE & VD OIFFEF 2RV h AR 1
DRI E D TTWD Z EBIROMEN S NS,

ied 1.7. (e.g., Bjorner[3], Zeeman[25])Hpk AT HE e d Kot D AKX d Ik
gt PLEKIKRE 721X PLEmCTH 5,

T 2 C PL ERIR & IR 8T SEBL Y LR & DRI X 53 BRI 72 [ AH 5% %
Hob o, PL Bk & TR REA EROBE R & OB IX MR 22 (R 4H
E#EbL2b0ODZ ETHD, (T CPLEIETH S PLEKIHTH 5 H
THRZARE BB TH D 1 E0, SEVEREZFONGMNMCLE S, )

ZomEIE PL hAR v U— 0 REBEER TH D IR OMmEZ RO VT EIFNIC
EIZEE 32 2 L 232k 5,

did 1.8. (e.g., Zeeman|[25])

o ~>Dd i PLEIKZZDER Lo d—1 ko PLEIKTED GHoED
& d ot PLERIENR GO N D,

o SO dWit PLEEZEDOEERTKRY ¥ 5 & dikoc PL K23
Fhhb,

(6 1.70FEH)
HHICHEMKRIZIPLERIKCTH S, 2. 0 RITCOBAEITHBENIKRNLTHD L HH
THbdH, LT, WeBLO7 7y hofzET slEMEEZHW5,

F9. C B dRITCOMERRFTRER SRR T, BIEThnweE 35, 75 &,
R ATRENED E R (B 1.2) 12X 0, oMk Al fe A HIRHEIK C) & Cy
Bl s, CrNCy 23 d— 1 RITOERL AT BE 7 URIEIR L 72 > T B,
(1)

Ci & Co MR TH D Z L ITFEICHED HND, 7287 SRR ATRENEIC
FoTHiTHDZ L LB THD Z LITHRES N, C OESEETH D Z
EMBd—1RICHENEX 2OD7 71y MZLMnSLENRNZ ENSND
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MNHThD, LTEBoT, 77ty bk RETC, & Cyldd ke
PL kA E 713 PL R TH 5,

(2)

CiNCo7 72y hThHDHAd—1REIZC, BLOPCy ITELTNHDT,
COFTEA2OOdRITHIZLNEEN TNl 2B EN
THOHTHE I ETODOdRILHEICHEEN TSI LT d, 2T C N
mClE< PLERIKCoH-=Z L2725, )T 5 & C1 N Cyldd ko PLERIR
DS, 2F 0 d— 1% PLEKIOHSEKRTHY, ZOFFELE CiNCy R
R AIRE CH D Z b CrNCY XS RIETHD Z ERNbnd, - TR
BT A IMEEZEH WS Z ik CiNCy it d—1 %o PL BR{KE 7213 PL
KmThHsb,

(3)

(1) & (2)ick>T, Cix=>?d %ot PLEREZES Lo d—1 o PL Bk
FIEPLEE (0F VW &R CREVADETHRTNWEZ LITR2HDT,
M 18128 > CTd Wit PLERIAE/-IZPLEREI CTH D Z L1275, O

TOXIC Ty FOEERITED " oODIFEIEE B E R ISR T e
PEDEFITIN > TWA DT, HERRATHEMEIC O W TERT A O AN e FIET
HDHEVWZD, SHIZZOFEENL, RO LD BRI TN EEIND,

MRE 1.9. M ATHEZ PLERIK £ 213kt Ch 5 C VEFE 1.20 L 512 Cy &
CylzpBlshize s, 725&. O L Gl bIZPLEETH S,

SOFY, BEFEEREREL TS &, BRI DWW TOER O+ Tk
O XD ITIFMHNGER T ABEAICEAT v T THENPLEIKTHD &)
ISR ZFIHATAZE L TEALADTH S,

1.4 BAEZHADEE
R, BHEZEERITR O L 5 B ERE I 5 TV B,

BRI Z R D55
U

v x 7 TV PR ARIR
U

Rk AT RE 72 PR AR IR
U

PL £k
U
BRi > = A5y E
U
Cohen-Macaulay 72 B Rk iE
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ZOHBEEIL 2 RIEDHEITITT N TEMIZARD Z ERMbR TS, 72
725, Steinitz O EH (e.g., Ziegler[26]) 12 &> T 2 Wk D = A4 E
FT RT3 WonEHEEOERE LTERTE, £, Ml os e &
Reisner[20] © Cohen-Macaulay £ ® 55 1F 7> Cohen-Macaulay 72 2 ¥ ¢
BRI DA TH D Z ENbMBE N TH D,

LL., 3l EIZ2 s EKEERICITTn TN Ty v TRELDH 2 &
272 %, BRI,

e Barnette ®ERE (e.g., Ziegler[26]) 1T Z A DEIR & L CIEFEH I 2
W3WRICEKH THLHN, =T TN Th D,

o KT LHLDIUIEATE R U—ERE (e.g., MK [24]) 1XERIE T2\ A3 ER
meEFUARER —HEZFF>TEY, K2 Cohen-Macaulay Td 5 DT
i ClEa vl & 72 5,

o 5 RILLh EDA . PL TRWEKEINFAET 2 Z EBNHHN TS (e.g.,
Edwards[8], Cannon[7]), 7272 L. 3WIcbh F CTIET X TOEmE 2 PL
Thbd, (4WITITHRMEH, )

o =TT NTHRL CTHARE T H B L 9 AR SR O FIL £ 7240
STy, LarL, BTV THniE Ziegler o 3 kot ERIA,
Griinbaum @ 3 & cEKIE, Rudin @ 3 R cERIK AR E N v =5 7L Th
WASHERLATRE Cdd B 5l & 72 > T b (e.g., Hachimori[11]),

AKFE D BT ATRE TR WL 9 2 PLEKII 2 £ 9 - THEET 520 Th
Do DED. MEpWTREAR BB LRI 0 7 A& [PLEKE] O 7 A0
X¥ v TOFEERTZETHDH, (ATRWES, 2%V PL EKIE CHERL AT
BETZ2 U E DTSV TIEd T2 Hachimori[11] T 2 HUE O F 23 E ST
5, )

A TIEE T 35T 3RO ERIE O = AT E (3 kT DEE 1T~ T PL
ThHD) CHKATRE TRV DODFEEZRL, EHICSETHERKITLOLGHIZH
PL 2K CHELFIRE Ce Wb OBREND Z L Zn9 2 &2 5,

1.5 Z0thoEEEDE

AFEOFHCTHERKATREM:E 2 THAE0E]) O—D27 ik R7=R, v =TTk
WIS LHEAESED I TH S, ZOMITH WV DL DOMAEESENHS
NTW5D, AfEEIXEERRIT WA, ZOHTHRICHER TR Ly =
TEVT 4 —LBEOH D L DI OV THEICHE L TRBE 20,

EE 1.10. (THA 0 ATREME)
fll 72 BARBHER C N TER S R ABE (vertex decomposable) TH 5 & ix, LLTD
ELOLMNDERMEWIZTRTH 5,

(i) C IHEKTHS,



(i) HaTEA 2 IZoNT, dle(r) & Ike(z) B E bICTEAMRTETSH 5,

iZL
dlc(o) = {r€C:1iXo&GFEk\}
ke(o) = {reC:mtNno=0»r>7*x0€C}

Thd, (Txokix, oD, DEV 7L oDHRLELETHRET D
HikpZ L, )

Z OTERSRATRENE & v 5 BE& X Provan&Billera[19] T#E A vz, TEM
SIRERIRE R AR EIKIE S = T T A TH L ZENMBNTND

EE 1.11. (HBIFTRENE) BEMEEKC 07 7y b FIZxt L TZEDHRIO—D
H(F) xS S E o8¢ =52 T, C%{GEC d(F) CGCF} &)
HETHEITE D LX, CIxNEITEE (partitionable) TH 5 L9,

VT T NI EARERIT T R THEFIFEETH D (e.g., Ziegler[26]).,
Cohen-Macaulay 72 KRR IZ pFI P RETH A H & TS %Lfb\é (e.g.,
Stanley[23]) 23, ELERMRTH D, MR ATHER BIRPIEER SHIFTRETH 5
MENG ETE570 > TR,

2 WUBDOBERES VJILOBEYR

éf\ﬁﬁwaA%fﬁ&t;5 PL BRI CTHERL FTHE T2V S D A RS
LZOMNMBAMTH D, BRI 3 RICERE O = A4 E (3 ot Bk 13 * T PL
?%é)?%ﬁﬁ%fﬁw%@%¢01w<o%ﬁiﬁkbf X HEMERRY K
WHZ UNE 73 WTEREOHIZHIDIAT &V D T L &7/ 5, - T, WY
H OBMES 2B S OFEERMNEEThH 5, fEOH OEMES 2815 D1 2
AREEITNANSBHDHN, ZZTIIBREEE VI bDEEZ D,

1. (F5OH OfEHEL)
MO H K Z oy VSR LT, gy i mom S PRI 72 5 Rz x
Do TRTOARZRFEIZOVTOZE OR/MEZ¥EHEH (bridge index) & L,

b(K) & EiT 5,
»
f/




BREEIZ OV TOWNW OO HERFEELZ R B 20,

o FEONHICE LTI, BHTHAZ L BN 1 THhA Z LIT%EMThH
B, ZHUIEEIZHEND HiIvd,
(BB E LR IE > TOWRWRH DO Z L THh D, 3 IRILERIKD
B (DF Y 2 WOtk ICHEEND LD TESRHOREHOZ L THD L
LEZD, )

o —HELHDHIZITHMOLIICHMAEN2 O THIFELZF~TEBY, La
HHATIIAR WO TESRESILI2 THh 5,

y

;
:

2%

o ODRENH Ky & Ko lZxF U CHEfEFI K # Ky OFEHEEIT

ThHzbhb, 72720, @EMEIIROL IR0 L THD,
(i>K1 <:€§;>&

K1#K,

ZOHFEEIFIFERE EZ YD ICERE LTz Schubert HHIZ L > TRENTW
% (Schubert[21]).

IRHD I ENLROMBIIHEICHER T 5,



il 2.2. fEEDb > LIk LT, BfEER b THD & 5 2O H B3 17 (E
ERAR

(FEFH) 25, b— 10 Z3ER-OH OBEFEFI OB b i/ > T\ 5, O

WDFETZ OFROH OFEFEHZ I U CRERL FTRE T722 vy 3 IRoTER I O = £
B ZELDTHAN, EIWNIHIZEEaTHMNEWVI & 3RTEKED =FA
EmE C PNHERAIETCHHE LT, TOHELETEAZE > THOB Z1ES Z &
EZ2 D, T LTEOROHDOEBRED LIREZEOCBICHE 700z L > T
T 5D THD, T56&. L LEFOLEREZBZ 2 L5 @M OVE 3 LD
AENTWEG HEIMIZE D = AEFNIER IR TR NI LI D TH
Do

CHRHERTEECHDL LT HLEMELITHRILENTWA LT, C1 & Oy
WZaEII NG & XICEOmE TR TRE/: PLEKIKTH Y, T o
oD PLERIFIZHEISN T, &) BEEIC0 . SBEMICHERICE THE

INBHZ LT D, S
2

R ()

NEFag\Si)

o TCOHRTHETAREZE > THELNTZFEH ORI EZ I T 5 7291
X, 2O X5 BERRSEIORTERT » FICBN b/ PLERIRIZE £
NAHFEORHOWANEDL IR D THLIMNEBEL TV ZEIThbD, 29
Wo 2l E T A0 “SEOCHOEA” BXOZEOBHEEE V-T2
DEEZRL THITRITIUXNT 20, =W, FEREOKF LW D& 7
NELTESHLN TS LD TH D,

& 2.3. (¥

3 WOTERIRIC B 5 Bl #7E C 2 O WS BRI DB IZ R > T D b D &R
3% (spanning arc) &9, 3 WOCERIRE 72 ITEREIZE EN DV DD HENT
ZOHRWFEOH B L ORZROESE R VT )L (tangle) L9,
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(i, AR v T ITE T DBELSMIERIE O NERICE T
&L TCEmT 20, Z 2T NER b Th vz izl T
52 EITEELTEL, £9 L THER Loz M I ERIKONE I E) S
B TEZNTEFOBEAE LR FALE ) ICHEmEED D Z LN TE S, )

— 5. BREBIIHECHIZLPAEES A TVWRNWO T, ¥ U 7 LR
HHbOERDEIICERT DI LITT 5D,

EE 2.4. (¥ 7 NVOEES. Eherenborg&Hachimori[9])

G INT ZRGHOPIT, RIXOHRIZ TR DX IITHET 5, £ L
THEOH ORBFEEORE & AT R R 2 A, TR TORRRIZIC OV TR
IMEZ L STl 2 o I VOB EER L, U(T) &ERiLT .

e
/I

52 7N DG OBIRER T, BEPERE OSSN RICEEND &5 iR
IR 2 5 C L OB GEET B, HE0. AWAKCHOBEERALC
LIRS TNBEBEZBND, LEN-T, RESKEOSR HICD 5 k5 7
(5% D ZRBHEEE > TOF, I E-TOARNEIR) ¥V 7 O
IRBITHA ORI H L1 Lich s,

FATIR AT K9 70 Z Ok 2 AV TR FTREME D%
S S TR DX T VORIRBIZET 5 RO MR E I
EOHRORIT I HMETH S,

y

IR E T2 5 78,
LTHL<, ZhAKRD

fid 2.5. (Ehrenborg&Hachimori [9])

BWILEKIKC BWE L INT 2 HATHLET D, ZOCHRBLMEIZLST
ZODIWIERIEC £ Cyizti g en, ghEns T =TNC., T, =
T-T WO TEUO T ELZ TN EZFALTNDLETDH, ZOLEE, Th
DY VT NDIERHEORIC

B(T) < b(T}) + b(T)

&9 BRI Y 3D,
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Z O OFE T Ehrenborg&Hachimori[9] o H THEHE £ D Bl D & 263512
EONWTHEZTHDN, T2 THRRITRTHIC L » TR Z OMENNLT 5
O EHT 52 12T 5,

¥

A

— I Y

AU

T

SFED, s encT & T, OFREIITK L TRl 2 IR KO D /)N
bzAT72>TO(Th) & b(Th) ZEBLTHHEEZ SV, ZDOZONHHD LD
RFIETT ORFFE TR EDOED b(Ty) + b(Ty) #ERT 2HEE2EDL Z LA
TEHDTHD, EEICITT ORZITMICLEEZONLDOTEIHIZHT) 1%
DL TOK 2 e HEOMKROHEL Y b7 kDA REMENH 2 DT H(T) <
b(Ty) +b(Ty) L\ 5 Z itk bbbl Th b,

3 3 RITEKIK - BREDBAAIRENE L HFU B DIEEHR

ST, ZOETITWI W I ATEE TRV 9 72 3 kIcERIE O = A IS EIDOfF
FZ2r1, "TEBIIKROLDTH S,

£ 3.1. (Ehrenborg&Hachimori[9])
SWILERIR E 7213k O = A 0 E C OFID ETAR ZfE-> THOH K #1E
b, ZOKODOH % e(K) K, BHEEEZIK) &35, 2os&x, vLCO
DB ATHE T oAU

b(K) < e(K)

ThB, oT. bLHK) > e(K) ThhiE C IR TR,
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ZOTEHEMNS, BREOEFTICRKEZ WEEONHE 20720 i #C 3 ot ek o
AR EIOHRICHDIAT Z E RN TEIUIHERATEE TRV ) R AR SE %
ENA Z L2 BrZ 3R eEKIEIZ PL TH 5 Z L2390 »> TnWb D T PL
BRI CHERLATRE TRV b DAMEN D Z 212 5 bIF TH D, L., THOSE
PRz 7= & 5 72 3 WonERiE O AR FIMEN 2 < TIXEBMZ R L TH EE
NWIpL 725 TCLE D, Mo TEHOMMHZRINT DRNTED X 5 72 = A mE
MENDZ L ERTEI 9,

i 3.2. [FEICHORkE te>3n520Nn7=0, k% el THOHIAATH
% 3 WICERIA E 11T ERIRD Z A E 216D Z LN TE 5,

(FERA)
Z OFEFEL Lickorish[17] IZ L > TARINTWDE R, EEITb - & H< 0 6Mm
BN TWVWALEDTHSD B LU,

I TITAEOH k &2 3 THWIAA TWAD 3R IcEkE O = A5 E 2 1ES
FiEEHRT 5,

B =3-ball B U (0B * v) = 3-sphere

F9°. FMOKNIEREORKIZ/2 5 3IKILEKIK B DEY 2L TWb, Zh
TET/NINWHFEREBEABERTREWVL R EZE-T2L0EE L, ZTOKRX
WL HFRD FOHE N H—D>FT /NS W EREZIRY RS 2 LI ko TRE BT
TV, ZorxC, KIZhHd LT OPBEOIBIZRRHL L HicT b, £L
TN LOEN S RBIKT HEIICTEHDTHLIN, HEO—>, DX
RN ERTHEEITRD D, THE N FMTEHBLRWDOTEIKILS
WIEREDEFETH D, 29 L TCTEL/NIWTHKRODELSKREZNENDN
FE % 6 HOMNEIRIZANTAZ LI Ko THERIERZEATAZ L =
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ENENCT HZ LN TEDL, TNTHBEMEDOFERT, 2 THLILZ 3K
EIRD ZAIE43E % B L4 TR Z g 5,

Z O B ORI 22 SIE BN KRV TR L2 X S i DfFETH D, £ EI
ALK OF O 101E B =4 Lo X 9B 72 3 ROTERIRIZ R G4 T
TELEEZLLHDOE )KL Z LIchD, DED, WIEomERN 1D
THRTWA LW LD DT TH S,

(DX 9572 10 CTHFKEZLEZFS 3 WITERED AR SEITZAKY =
T T NTRWI &M Furch[10] 1I2 X » TORE N, EHICHEKATREE CH 202 &
2% Hachimori[11] IZ X > TREN TN D, )

ETC, Z2OBZHAWT3IRCEKED =ZAESENZIELDTHDIN, T D

BRENSTHOKTHS, ZIEMELTWENnE WD L B OIMIIZH
LWHESvEEAL, BORERMIHL AT XTHLoIAITTCa—r%
EoTWBDTHSH, DE0 ., B OBIR EIC {v,v9,v3} #THE L T2 =%
MWoolobvU{v,vg,v3} D4 RETARETHNEERAMZ LD THD, ZD
BEZIT/2 ) L 3RTCERENEOND Z LITESHONIZFHETH D,
(B OAMINZHT 72 AT N2 S MR ORI v 2 .08 B OERTH S
2QWICEREIZIT Ca—r 2 FEo7-b D 0B*xv ThAN D 3IRILERKIKIC/Ae - T
B, o T&KIEIB EOB*xv £V ) —HoD 3 RLEIKEZ2ERTEY D
FTHELNEZLOTHY, ZHIT3RTERETH D, )

IDLEXIZBTHEIWTHD EHEM LI 1N 5E%E O &
VEMBATND 2N EEDLEZIARDNER THLDLE, ZZITHEOHNEEKT
WA ENBIERIND, 5T, ZOMOPHDOEIZE IR TIkE-S>TWNEMN
EEZLHE, FRIEIBHYOREZEOETRESTWVDHEIDOTHYD, I HIZZ I
DIZHITTZROEDE DT> TWAZENSND, DFE0 ., PIOICHET
HREVNFEREZFFICRENVEDE L TEE, NERIT AR LWEEOE
k OO@E D IR Z BT T IER&MIC k LR CASOVE 2 33T 3 ocEkim
D= BIOHRIZHDIATZ ENHKDL DT TH D,

ZHOLTCHUEE & 30 THEDIAAT 3WRICERE DO = AIESEINE S
A, TREEYICMST S EICE 5 Te (> 3) 00 b2 BHONH % b iA
ATEH OIXREICER 5,

REKDLGAIL, Z0HE THOBIZEBR LW T 7y b E2—2HD RV
THITIIT I, O

ST, i 3.2(& A 2.2) IT X - TIEFITRE WIBFRE DR H 23D 7200
DB CTHOIAENTZ 3IRICERI D AR EZEA LN TE LT B bho
DT, WEWEREM3IDFEH A I Lz, Ziuidfd 2.5% A CIER
IR T Z ENTE S,

(EFE 3. 1DFEMR)
3 WOCERIR F 72 1 TR OFERC ATRE 7 —ATE R EITH S C O 7 7> hOFIZ L
BDIFMETCRT, REBITAREOVH Tl — R 7 VD4 TRl T 5,
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(1)

FT 77y b1 OOKRE, CIZ3WRITEKIETHY , T TXTZD3R
TERIKDOBER EIcH D, Lo CUHETEHAEZMoT=2 2 7V T ORI
bT)IZZDH T OHFER S DBIZE LW (ER24DH% DI A 2 B
B, 202 &0 T ok e(T) B LTHT) < e(T) Rk 2> & IFA
D,

(2)

Tyt hOEN2UED L X, CIIERAREEDER 1.212K > T oD%
B AT RE 72 BAREOEIR C & Co \ZEI SN A, 2 b IEmE 1.912 L » Tl
EHL3WTEIRTH D Z ENbnb,

CizgEns o rsnTizLcTy=TNC,., To=T-T, &L &,
ZOTOT & Ty ~D5ENIEEL X9 EMBE25ORMNEF CIZ>TWnbH I &
WM D, o T,

b(T) < b(Ty) + b(T>)
Thd, —. C1 L CidC LT 7Ty hOBEBDLRNOTIMIEDRE
S Z L sk,

b(Th) <e(T1), b(I>) <e(T3)
Thbd, b Ee(T)=e(Th) +e(T) &5 ARZARBERAEZ AU,
o(T) <e(T)
LW EmAELND, O

% 3.3. 3 WRITERIA (F 72 IXERIKR) O =T 0 THER FTRE TRV b DB TEAET

3,
(GEM)

455008 4 DL E RSO H % AR 3.200 15T 33 THIDIA AT 3 IRTTERIE (X
ILERIE) O =T 5E T L, O

f188. ZORTITEH A DRGmE S5 2 DITHBIEED 4 UL EOFEOH = H
WARIT TR S, BIIE =R OE 0 L 9 RIEREEO /NS WG O Tk

BDHDIZH TR L2725 TWWa, La L, FiE Hachimori&Ziegler[12]
WL THHTRWECEN ZUTHODIAEIN TS LR ATRE TR b &
W ZEDRINTNAHEDT, ZDOLEHIZ3UTHDIADLSGAIZIZ=EHOHE
TH+mThs, Mo TEMI UL AV EBDO L IIZRZAHDTH SN,
L LIROETHED L) RBWEEZELS Z R TELHDITEH 31D TH
Do

58 T OEBOGEHITZ O F L HE R ELC BRI A SENZSWTH
HTEINTE D,
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4 EDnE

ST, ﬁﬁ%fi3/}’<7ﬁj€[@@ A B THER TR TRWL ONEFEET H 2 &
ZARLED, BITEH3LIROLIICL LN LR I ENTE D,

% 4.1, CAERE N ZRATH, nEEOHS LT HHRAEETRV LS
72 3 WTCERIE % 72 1R ERIK D = AT 48] C(n) 2165 = LR TE 5,

FOFNZ, B EWIBESIZ OV TREARRIT 2 Lz,

% 4.2, YRMBEECIZH LT, C 0 0LS 0K o 1255 5 T8 A v,
@%A%Eﬁ%Ak?é$%m¢%w()

Sd(C) = {{Um,---,vat} IR ETDHAE ) # 01 C--Cor€ C} U {@}
EERL, IhE C OEILS (barycentric subdivision) &9,

ZHITIRBICT A ERD L H 1T o TV D

C ~ﬁ\

DEY ZOBELMSEID &V D IR A EBLIT A . FHUE
Z1IWILDOHDIFE 22, 2ILDOH DL 6 I \m\d&m@%@ (d +

DIMENCH ST 28ETH 5,
ST, RAIDOFEHIIRD L S22 5,

(%41@&%)

N S W ET i e owflL%20_%%¢é®f n [FIE LT 5 & bf
DIZ 1A -T2 D1 2" Bl ESnb, E-> 7T, BHEEN3-2"+ 1L ET
%5&5&F@Hﬁ3LT@®@iﬂTwé3&E%ﬁiti%%0()%%
Z25E, ZOMOPEOBEIE n BIOE LM OKIZS - 2" 20T, EH 3.1
Ko TR ATRE T2 W Z ENREN D, O

Z OELFSY ou\ﬂi H L CWBERATEE e D sd(C) HABRK FIRE T H
A, EWVWH MR 75\36%6 CIXIFIEFEHICHEND S Z ENTE S, TiE, CN»
RERR PTHE T2 WA IZE O H”%@D@? L2 Lo TV R FTREIZ T
bz k75>fé°%>0)f§>%975>‘? EWV) DITBERREMTH D, R E LT
X, BOMDET D2 Lo TCOC Z0EIT 2 HIEOENEZ 50O T, ik
Al T%@%?<&éi9 Hbh b, (FEEE, BLOMOE W) OIIHEEE 72
HDOHMNITHTED ﬁiﬁﬂé?(if%éo )
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Loyl Bl 2 X8RN h—F A2/ > T2 W PL TZ2WERHE T
HoT= 0T HGE. i L7 S EIEOHS LT HRERR ATEEIZIE 72 0 15720
LMD, o T RATEAEBAHER ATRE R MY FE LSS AR &
[RAMNETH D, FRZEREZHEAROEEEE 2572 61X, PL ERKIKE 7213 PL £k
AR S CTIRDO L D e E B XD Z LA,

F48 4.3. PL Bk 7213 PL BRI A BRIFI O FL#HIS> DRI FIRE (& 61
X =7 7N I B1EA9,

LML, RAINZOMEOHL X2 RLTWHWT, 2F0, 3kIcEW)
BEINTZRITIZR-72HBETH, bLTPENPELWE L THHEKATRETH
HIRFEIZT= LV EL 2O B RE LM OB EERTHAHZ LIXTET,
[EREl] L LNE I ZLITTERVDTH D,

5 ERTDGE

Hi4 B ERIE CIE 3 W OERE B K OERIKDGEEE X TEX 2R, T b Ok
RBrFroEF 4%kl o PLEEBIOPLEIKO AT — F A2 MOE X H#
ZHIENTED, TOEOIIIEZEDO Y 7 IZBT kO X 9 2B ICER
TOHMERDD, (V7 LT 15EDOEXE1LI0DFTHEZTHH kD LT
H5b, )

i 5.1. (e.g., Bjorner[3], Hachimori&Ziegler[12])
HERK AT RE 72 BUAB IR C DftE Do € CiZxtLTo DY 7 lke(o) 134
FRARETd 5,

REBIFE R T, C Oy & Cyl
DI E EN BT k(o) =
C1 & Cy DRI G LN DI IT

Ik, (0) Ulke,(0) = lkcyue, (o) (=lke(o))
lkc, (o) Nlke,(0) = lkeine,(0)

EWVIBIENRR D D E WS T EEHWT 7 7y hOEE RICDIRANE A H
WHLIE X WEiIrTh B,

T, 3WITERIEC 3otk &2 b &I m IRt DERIRCER A 2 1E D DX
WKDOET Iy REF AT g ) #fEEZ WS,

1

NEISNTREEZEZ, o ED
ke, (o) (i =1or2) THY, on

EE 5.2. HIRMBEA CIcxh LTI LWHE v 2611 &2 THE- 72 HARR
(LS
Pyr(C) ={vxo:0€ C}UCU{D}
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#C EOEZ 2w F (pyramid) & W, 2 THR v, w ZfHTMA TE- 72 Bk
GOFSRLN
N(C)={vxo:0€ClU{w*o:0e C}UCU{0}

#“ C DHYANR S 3 (suspension) W9, 72720, vkxoltov & o DIEGLE
BORIEAEDZ L TH D,

I CHETHINEELRMENROMBETH D,

g8 5.3. (e.g., Zeeman|[25])
o C 8 d ot PLEKIKTHAUE Pyr(C) 1Xd+ 1% PLEKIETH S,
e C 3 d ot PLERIICTHALE XE(C) 1T d+ 1% PLERITH D,

FRZ 3T LA F OERERPEK M IZT X TCPL THSH DT, 3KILLL FDERIK
RERENHIZLOHTE T Iy RUFH AR v g U EBY IR L TWOITHIEER I
® PL Ek{A=° PL BRI 03I E65N5 Z &2 5,

T, Z&:TEEELJ;w¢>iPyd )R E(C) BN TH LT mA S
NATHRv(EZIFZw) IZB8TFHY 271X CEDLDIZRS>TNDHE NI JT
HbDH, TOZLEMBESINBLRDANDNRIND,

% 5.4. fEED d > 31Tk L THERCATRE T2V d ot @ PL BRI L O PL Bk
HDMFAET B,

(FEAA)
F% 3.3T 2L S HERLFTBE Tl 3 IRGLER I £ 72 IR ERIK D = A nHE %= C3 &
L. BREOHEIE A v a v RKEKOLAIIE T Iy R&E5, 5641
WIEE Cy BB, Z ORI ke, (v) = Cs T = & hb ke, (v) 13
MR ATRE T2 <. - T 51005 Oy HAELFTRE T2V, T d — 3 Bl
0 RIS R PTRE CZauy d kot PL ERIA 7213 PL Bk A& 5010 5,

0

0 *

AIED L IS S BOMZIZET A AT — M AV P ETERITOS
BITED DT DT OBERAZ BT L,

Sd(]kc (0')) = lksd(C) (0’) .

2L, ol3THRT, £/o, ZITOFESEFRB LW BEROEFEST

Iksa(e) (o
d(Ike(o ke (o
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DFED, BLOMOE L DL T &L HEMEIIHR D TH B,

% 5.5. fEEDOd>3&n>1IZxLTnEEOHSLTHERATRETRV
ot ® PL ERk{KI L O PL BRI RNMFTET 5,

(FERA)

F 41 TH 27z n BIEOMS LT HRERATEE T/ K 9 78 3 IRGLERIA & 72 138K
fizCsn) &L, ZNOET Iy RXIFH AR v gz Cn) &35, T
%L nEIOFELOLMIIZE LT

Kgan (04 (n)) (v) = 8d" (Ikg, (n) (v)) = sd"(Cs(n))

EWVI BB D SO DT, Cs(n) 23 n [EIEOMS LT HHERKAIEE Tlenno
722 D0 Lkgqn(cy()) (V) IFHERRFTRE T2V 2 & 1T 70 D, L7ed» Tl 5.1
£ o T Cy(n) 1M FIRE T2V, T % d — 3 [V RS IE n BIEOMO% D
HERFTBE CT7e\ d ot PL ERIR E 7213 PL ki Cy(n) 235515, O
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