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Abstract

Shellable T# % Btk MKIZIX, shelling & PMEIENI 5 facet DL2MEFRTEETS. L
L, ZO shelling AV OWEIZOWTIRALNTWRV,, XHETI, HLVIES -
assignment ZMA T3 Z LT, shelling 4 S % antimatroid #E % -RMEM {C;} ~
L 53+ 5. Shelling IZxfi3 5 h-assignment % #IC appropriate h-assignment * FE3.
A;g.ropnate h-assignment %ﬁﬁf‘fﬁb LT, HERMERIZISIT 5 shellability D FUEM
¥525%.

1 ‘Introdu(':tion

Shellability iX b HFu P —DRFTCHLPOMAINTELERD 1 2THS. LI L, Bruggesser
and Mani 2 X 3 2 EEORAEEIZBE T 2HR [2) LARRX, EEEROFIFITBVTHEEN
BWMEIh T3, TR, shellability iZB3 T 28R HKE <2 Zh 7 [3][9][10], shelling
HE S BEFOMEITHOVTIRERER TR,

AR TIE, FLVEES L LT h-assignment THEATHZ LITLY, S 73 antimatroid
1% ¥ shelling MAEA~LREEIMEND Z L ETT. ETRAIC, S BT3RS
£~ ZLUTOLOIZEETS : shelling a IZXIET 5 h-assignment 23 shelling b IZ# RT3
h-assignment {24 LW\ 2 &, a & b OMICIXFEBEMR a~b B3R T 5. MBI ~ OFTTH
EESMENT S OERMEER {C:} iX antimatroid M; OMEL KDL, {C} KBIT 5 shelhng
A% M; O basic words EAIZHIET 5.

Shelling iz 35 h-assignment %% appropriate h-assignment & FES. Z O appropriate
h-assignment IXLAT O & 5 ITHfHT 5 Z L 3T TH S : HERIMIEKD facet L ridge DBIR
% RT facet-ridge ##87 7 7 G(C) 2% h-assignment A WX VY MEfHrdbhad L%, GC) DM
T3 DR BB L - L, 5 acyclic %2 51E, A X appropriate T# 5. Appropriate
h-assignment (25 % /- #fH) & SEENOTRIZL Y, BEKAEED shellability HE 7V
Y X% LT (7).

2 Definitions and Basic Properties

ceECHDrCobiIXTelC 2WM-TAHARKRE V={1,..., n} OBLIMEEK C LHRHH
Rk VWS, Z D C DERIX face V. BT, MEOTITBYRITIVTHEKR face &
facet £\ 5. {a1,..0n} ={r|T is a face of o; for some i}, DX Y {a1,...0n} iX 01,...,0n &
faces & L T L B/NORMEKRKBIETH S, Face o DR dimo i |o| -1 THSB. C ORTIX
maxsec dimo THX BB, C DLTD facet BRILKRITTHHL &, CIMTHB LWV, &K
HRTIX, MENEEIMTHI LRETS.
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#izr MERBHRIZ BT, RTh dimC—1 THD face & ridge £\ 9. KT, 10D facet
DB EEND ridge % boundary ridge £\ >, T boundary ridge % £ facet & boundary
facet £V . d RTOMAZEEHEEORE S d- BkBEL 5.

C O i-face PP % fi(C) LET L &, C D f-vector IZ £(€)=(£-1(C), fo(C), £1(C), -, fa(C))
2725, C ® h-vector h(C) = (ho(C), h1(C), h2(C), vrs har1(C)) ¥ hy:= Tk 1 (-1)F (g-;;:,;) fi1
(0<k<d+1) ICLVEEEND. ‘

d-BUKEIBI C O shelling %, BAT %W facet DLMIETH S : Fn(UIZiF;) W (d-1)-

BRBOBIHR (2<i<t) Th . C 2% shelling oL &, C I shellable THD LvH, BifRRY
Bk shellable %2 51E, Cohen-Macaulayness TH 2 [5].

Shellable 72 MA&SM C I238VT, C @ h-vector & shelling OMICLAT O & 5 72BaFR A3
FEY S ER3mbhTW5. Shelling Fy, Fy, -+, F I2BWT, face Fj @ restriction Res(F;)
iX, F;—{v} BEEH facet BED 1 OXFEND L) REALZA veV LLTERSND:
Res(F;):={veF;: Fj—{v} CF, for some 1 < i < j}. T shelling RH->TC 2R T5 L
%, B j A7y 7HCBITBH L face BATL {G|Res(F;) C G C Fj} = Res(F;), Fj] L
V. =L C O partition RS, £7=, |{j: |Res(Fy)|=i}|=hi(C) THHZ LABMbH
TW3. ~ '

BRIk L shellability 2o\ T OREMINE [10] BB Eh\,

3 An Appropriate h-assignment and Its Properties

3.1 A New Concept: An h-assignment

Shellable T 2 MR D h-vectors DR ZAWVT, H LVBER h-assignment WAL,
WI|Z h-assignment @ shellability ZLA T O X S ICE#R L :

Definition 1 h-assignment &1, F-~UV i 2§D facet YN by ITHFL VL) REEZWI
+, SN 0<i<d+1 OFIETTHS. A(F) iX, h-assignment A BT facet F IZHIH
THNETFNVETRT. ‘

Definition 2 575 shelling i2381} 5 restriction D% A XiZH>T C D% facet B3 7~ )VAHT
BB L X, h-assignment tXZ D shelling {ZHFGT 5. Shellable h-assignment L 1%, C DH S
shelling \Z® I35 h-assignment THS. ‘ B

t MO facet % FHORBAIB C 1CBHT 3 h-assignment DY oty KHLK, F
7= C 2% shellable h-assignment %#->& &, C i shellable TH 3. ,

C % shellable T ¥, 2> A 7% shellable h-assignment Tdh 5 & &, shelling iZBiF 5% 2
FoZIUTEHET : HLIME DI facet DTNk THDHL &, TD facet X d+1-k
& boundary ridge ##>. Z =T, LAT® proposition 5% %.

Proposition 3 ¢ D facet X d-WkpBkE C L L, C D h-assignment & A £¥5.
LUFD 2oz facet # G LT3 : (1) AG)=k, (2) G X d+1—k f@D boundary ridges
5. G DD facet 1Lk Y ARSI BkiBiY ¢ ¢T3, C i3 A »LBEEND
h-assignment A' &>, ZOL %, A X C O shellable h-assignment THHI L &, ARC
O shellable h-assignment THB = L L iZFHETHS. ZO proposition IZBVT G Rz 45
#£#% removability condition &FELR, C » 5 G ZHIBRT 5 #{E% removing step LES,



Z @ proposition I, C @ h-assignment A 7% shellable THhHZ L &, C LT D facet N
BB & 5 ¥ T removing step EAFRETHAIZ ERFMETHHZ LERLTWS. 2, &
Z bh 7= h-assignment 2% shellable T 2B 0L O(t) KM THIETRETH 5. 4 removing
step IZBWTHIBRE NS facet G 1X, TORRTHR I TWHEMEIZTFETET S shelling (23
WTRBIZAREIND facet EEFZDND. £TD t D facet I removmg step X WHTHZ
& T, BHRIZE R BT shelling, reverse shelling 25|%¥TX 5.

8.2 An Appropriate h-assignment and Its Characterization

Definition 4 Facet {F:} & ridge {R;} PIOREMBESY C L5, C O Jacet-ridge Bk
77 7L, facet F; IWRIETD /—F v, & ridege R; KWHET S/ —F v, 285, FiDR;
THD LTI vp vy, BE{OLOIRIFT7THS. ,

Definition 5 h-assignment A 128V T, G(C) iR+ BM& i} ﬁ*%?ﬂﬁﬁﬁtﬁ’i’ﬁf“?‘&
& IO h-asa:gnment X appropriate Tdh 5 :

o degi(ve ) =A(F:), degoy(vg,)=d+1-A(F),
d degin(”a )=1, degout(”n )=#{Fi|F; D Rj}-1,
o EERDMAE i) B8 acychc Thd.

Shellable h—a.s&gnment PUTOX KRBT B b, CIIBITS a.ppropmte
h-assignment DFEFED C @ shellability IZHIE TS5 = L Bbd 3.

Theorem 6 t D facet 2 OMEKKMELSE C L L, C D h-assignment % A LT 5. h-
assignment A D% shellable ThHZ L L, A I appropriate THHZ LIXIRMATHS. :

Z @ theorem TiX, 5% b i appropriate h-assignment A IZ# LT G(C) M i) 3
FEERLTWA, D% Y, removability condition % 7= 3 facet Z@RAYIZHIBRL T, HIBR
&Nz facet H>HE D boundary ridge ~ ¢ MEMIT R LIZLY A 2B GC) 2rmEfHTdh
%. FBSC, ARHSLEAEMIRa=—2tREINDZ LRRRTE S,

4 The Antimatroid Structure in A Set of All Shellings

4.1 Decomposition of All Shellings by h-assignments

= Z T, Language \ZB L T antimatroid ONIFFIRZ MR T 5. FREMRE E IKHLT, #
W77y b E LOLTD word @ free monoid # E* TRIELTS. E* ® word # a,8,7,--*
TRL, EODBRTHAIXFY z,9,2-- TRT. a & fOHKEEY of 2K T. £EOD word
a€E* ITBWT, |of iX a ROXFERETT. a O supports & 1 a ROXFREETT. b5
word BRILXFZE 12U EEERNWL E, OFY |a|=|a| THDH L E, ZD word % simple T
»HBL W5, E kO language L 2iX, E L® word £4 LCE* THY, L ADETD word
A% simple THDH L E L % simple THDH LS.

F BUTD 3 RMEL2METLE, F l‘ig‘(‘tﬂ“ﬁlﬁ“"ﬁb‘ E L antimatroid TH5 :(1)
HBOTA 77y M X F O word ICHIR TS (normal), (2)(I)0€F, (i)afeF 261X aeF

(hereditary), (3)agB 2 W=¥ a,BeF TR LT, BzeF Mt zca WEETS. F 0%
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ERIT feasible word L\, #&iZ support 23 E 12% L\ feasible word % F O basic word &
W9,

Poset P=(E,<) ECUTFTORMGZ2H7T L 5 EH S antimatroid # poset shelling &
W3 iz 8 P\{z1, -, 2k} PWNERLL2D, poset P DER z1,---, ¢ H feasible word
T#H 5. Antimatroid OFEMICOVTIX [6] BRI V.

Shellable 7z Bitk#y#itk C @ appropriate h-assignments i, C i233i7 % shelling (25 L TLL
TOREBEEYEZ5. ‘

Definition 7 C ® 2250 shellingsa & b IR L T, a & b OWERR L appropriate h-
assignment \ZRIET B4 BIE, 2950 shelling MOBMRE a~b LET. ZOBRMKITFERS
#THY, ThIX shelling RELRER {C} MY D.

G(C) 3% 3 appropriate h-assignment I35 35 L &, G(C) PETOER {ve } &Y
£TO facet {Fi} 2ERE E L L, vy Svg—vp &MY ridge R BEETDHLE F;<F;
LEELT, FIC) #4815, ZOBK < I3 E LO¥NEFBETHS. #€>7T, appropriate
h-assignment #3#&-> F(C) I poset & x/a¥%. T 2T, removing step IZ X Y BIBRE 5 facet
iX F(C) DR/MNEFIZHILDZ L BB TES. 2% Y, H5 appropriate h-assignment 2> b4
R & Tt reverse shelling i3 poset F(C) 1233 5 poset shelling TH 5. #-T, FHEH C; i
&% 54T shelling 841 antimatroid (poset shelling) @ basic word 885 TH 5.

Theorem 8 C; % antimatroid (poset shelling) @ basic word BETH S & &, reverse shelling
HEEBIZLTD C; O disjoint union ITHF LV,
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