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1 00000000 simplicial poset

000000000000 00000 simplicial poset 00000000 poset (DO0O0O0O0O0O0O)O0O
O0000000.00000000000000000DOoDooooooOoon.
000 poset PO simplicial 00000, 000000000000 O0OOO:

() PODOODOOOOODO
(i) 0000 o POOO,00 [0,0]={r€P:0<7<0}0 Boolean 0O ODOO.

Boolean OO OO, 000000000000D0O0CO00O0O0ODOOOOO0O0ODOOOOO0ODOO poset
000000 (00000) 0000000000000, BooleanOOOOOODO face poset 00O O0ODO.

{1,2,3}

{1,2}

{1} {1} {2}

) 0
0 0O 0 Boolean 0O O

O00,000000000 simplicial poset 00O, 000 simplicial poset 0000. 000 CW-00000O
000000000000 Bjorner 000 [Bj] OO, simplicial poset 0 CW-poset 000000000, O
00, simplicial poset 000 (000 )000 CW-000O face poset 000000, poset PO O CW-00O
N(P)OOODOODO0OODOO0O. OU0D0ODUOD0OUO0O0UO0O0D CW-OO0O00O0000D0 (simplicial cell
complex) 00 0O. OO0, face poset O simplicial poset 000000 CW-OOOOOOODOOOOOO.
Boolean 000000 faceposet 00D 00, 000000000000O0O0O0OODOOODOODOO CW-O
Oo0oooooooooD. 0,00000000000000000, 00000000000 OooDoOooOoOo
oooooogoooo.

*murai@yamaguchi-u.ac.jp
00D Ccw-000000000000000000 CW-00000000. 00000 CW-00000000 face poset OO
goooooooooon.




2 good

go go

P O simplicial poset 0000, [0,0] 0 rank i 0 Boolean 002 0000000 o€ PO PO rank i O
0000, ranke=4¢000. d=rank P = max{rankc:0c€ P} 00,0 i=-1,0,1,...,d—1000,

fi=fi(P)=#{o € P:ranko =i+ 1}

000,00 #000000000.000 f,O0CW-0O0I(P)O00OD0«0000D000CDOOO.OOO,
oood

f(P) = (f—laan"'afd—l) € Nd+l
O PO f-0 (OO face vector) 00 0. U000 OO simplicial poset O f-00 f(P) = (1,3,3)000.
o,f,0001000.

0000000 I(P)OD0O0O0O0 XOOOOOOO, simplicial poset POODO00O0OO0OOO I(P)) O
Xooooooooooo.oooooooo fOboooobooooDbooooDbooooo.

oC 111. 0000000000oooo MOOOOODOO, MOOOOOODODOD f-OCOCOCOOOOOO
oooooooog.

goog,bgbooboobooboobooobooog.

2 JO00ODbOoOooobooog f-o

00 1.1000000000000000000. 000000000000000000000000
000000.000000000000000000000000000.
MOOOOOO,PO0MOO00000O000O000,PO f0 f(P)=(1,f,fi,f)000000000
ooooooooo.

(1) fo— f1+ fo=x(M).
(2) 2f1 = 3fa.
(3) fo >3

00,x(M)O MODOOOOODOOO. (1)000000000000000000,3)00P)00000
0000200 (000)0000000000000. (2)0,1(P)0000,020000000300
0000,0000000200200000000000000000000000000.
000030000000000000000.000,000000000000000

00 2.1. MOOOOOOO. 000,00 f=(1,f,fi,/2)eN*0MOOODODOOOO0O0OO f-000
0oooo,f000(1),(2),(3) 000000000000

2Boolean 000 rank 00 0000000000000, 000,0000000 rank 1,2,30 Boolean 000D O.
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00.00000000000. f=@,f, f1,f)000 (1),(2), 3000000 f0 0000000
000000000000000.00 (1),(2)00 f0

f= (1 fo,3(fo = x(M)),2(fo — x(M)))

obooobOoooooobobooooooboon.
200000000000000000000000000O0O0O00O0%00,0000000000 30
ooooooooooooboooobooobogoob. boobooboo,bo,00bb0,00b0bO,b00obDOoOoD
gooOOoOoOCOOoOOOOD. 000 20000000000 A,TOOOOO A TOD 2000000
ooo0O,0000000000C00ODO00000O00DODO. A’'00d0oooo300oo,0o0o00d
goooobooboooobo sogobooobooo,boo,obob,b00obo0obooooboooooboOoD.
gboooboob200b000000000b0oboo0ooobo 3s0coboboooooobOob. oooo
gboboobOooboooooboooooboobooooooo.

1 3 1
2 2
1 3 1

oo

o0,0000000000000O000O000DO000O00,00000000000DO00O0OO0ODO0O0OD0
goooboboooboobooooooo. O

3 Uooboooobooooon f-O

godoodooOOooo,0bo00b000bO0o0oOon0 f~0b00bodo0ooOOo0. Oo0obooooooooo, d
ooooooo f~-000D00o00000oDooo0000oooOoO0o0d. Dogoooooogooon f-o0o
0000000000000 00D00000000D00O00D0000. DO00D0O Stanley0O0O0O0OQOO0O
goo0ooo0oo0ooOOooOdoooOoobOOdoDO f-000ob00b00obO0dbOO0. obobobooboooo, A0
gooobbbooooon.

Rank d O simplicial poset PO 00, PO h-0 h(P) = (ho,h1,...,hq) €21 0000 (000000
000)0000000O00O00ooOoOn

d d
Z fa—ioat' = Z ha_i(t + 1),
i=0 i=0

oo (f-1,fo,.---,fe—1) 0 PO f-0000. 000, /0000000 AO000000O0COOOOOOO
ocogoooo.oo,0ob01o000oog f00 pO0000000O00DOOO00DDODODOOOOn. O
oooooooooD A000000000000.

00 3.1 (Stanley [St1], OO [Ma2]). 0000 h= (hg,h1,...,hg) € Z4T1 0 (d—1)000000000
000000 AD000000AO0000000000000000

(1) ho=1004=0,1,...,d000 h; = hg_;.

3(a,b,c) 0000000000 (a,b,d), (a,¢,d),(be,d 000000 3000000000000.



4 oooo
(2) i=0,1,...,d000 h; > 0.
(3)000<i<d0000 h;=000 Y% h; O even.

000000000,0000000000000.000,00 (2)0 A000000, simplicial poset
OO0 facering0 000000000, A0000000000CO000DOOCOOO0ODODOOOODOOOO
uobo.0ooboooboooboobooobo,oboobboobbooobooooooooboooboobobooon
O0000. 000000000000 [Stl,Ma2)0000O0OODO.

4 0J00O0D0OOOOODOOOO f-0

0o0o0ooooooooD f-0o000ooooo AO0D00C000000DoooooDooOCoD. 0D0O0ODO,
000000oo0oUOo,AO0O00000O0O0O0OUO0O0OUOOD (000D 41000). 00000000
0000000000 Novik [NolOOOOODOOODO A-O000O00OO0DOOOODOOODOOOOO.
Rank d O simplicial poset PO OO,

Bi = Bi(P) = dimg oz H; (T(P); Z/2Z)

0 PO (z/22z00)0000000 (Hy(D(P);Z/22)0 I'(P)0 Z/220000000000). Simplicial
poset PO h-00 h(P) = (ho,hy,...,ha) 0000, PO A"-0 B'(P) = (kY hY,...,h) 0000000

1, if k=0,
d k
v=1 hi- (k) {Z(—l)“%_l}, ifl<k<d-1,
=1
ha = Y42y (~1) %81 = Bacr, ifk=d.
p/-000000000o000o0ooooooooooooO0n.

0 4.1. 000000000000000 S'xS'0000000000000, PO00 face poset O O
0.000, f(P)=(1,9,27,18) 0000, 0000000

h(P) = (1,6,12,—1)

000,0000000000 (000000 AMO0000O0D0OUO0OO0OO0).00,p((P)=2000
00,rR-0000000,
h//(P):h(P)72(03033’71):(1767671)

ooo,0000booocobooboooooon.

Vv
Y




gboobooboobobobooboo )

00 4.2. PO0O0O0OOOOOODOO0OOOOOOOOOOOOOOOOOOO A (P)=R(P)O0ODO.

p'-00 A-0000000000000000 110000000 f-00R-0000000000. Sim-
plicial poset 0 A”-0 000000000000, 0000000000000 A-0000000ODOOOO
oooooooooo.oo,o000000.

00 4.3. POO0O0OOOOOD (d—1)00000 MOOOD0OO0O0OOOO, R/ (P)=(hi,hY,...,h)) D
00.000000.

(1) (Novik [NoJ) A4 =100 i=0,1,...,d000 A = h!}_,.

(2) (Novik-Swartz [NS]) i =0,1,...,4000 hY > 0.

(3) (Mul) 00 0<i<dOODD0 A =000 YL, 7 0 even.
0000o000o0ooo0oUoo,()oooooooooooooooooo

C?) (x(P) = (1 + (=1)%-1)),

7

ha—i — h; = (—1)%‘(

ﬂi = ﬂd—l—ia

00 X(P):ZZZl(—l)k_lfk,l(P)DDDDDDDDD. 0000000 (Klee’s) Dhen—-Sommerville equa-
tion 00000 (KJOO). 0000000 Poincaré duality 100. 00, (2), (3) 000000000
obOoobooobooboooboooboobooobooobooboooboOobOooboooboboooon. oooo
NS, Mul]0O0DO0ODO0.

000000 Stanley-0 0000000000 OOOCODOOODOOODOODOOOOOODOOOO. OO,
oooooooooooOooOoooooo,0oooboo00ooob 430000000 DObODOOOOO
obooooobooooobo,bobo0oboobooon.

00 4.4 ((Mul]). MOODODOOOOOO S"xS™, 0000000 RP"0O0,004300000000
goo.

0,0000000000000000 MaljOOODOOOOOOOUODOOOOOOO.

5 Uooouoon

ocoooooog fO0000ODOOOO00ODOOO0ODOOOOO0ODOODOO0ODODODOO.OO0ODOO
gbooobooobooooobooon.

5.1 UO00Oooouoooooboon

0440000000000 00D0O00DO0OO0ODOOOOOOODOODOODO.ODO,000D000
0000000000000 0000000000000000 430000 A-000000000O0O0
000000000000,00430000R-000000000000000000O0OOOOOO0
00.000000CP"000000000O0DOOOOOOO (0O CP2000000OO0DOOO0)0O00
go0.0dboooooboo,oo0oboobooog

00 5.1. MOOOOOOOOOOOOOOOOOOO (d-1)0000000OC0. 0000,
() 00430000 MOOOOOOOOOA-ODOOODOOOOOOOODO.

(i) MOODOODOOO PO fy(P)=2+Y0 7 (415 00000000.



6 good

obOo,00000000000000000000bO00bO00bO0b0obOOobOOoboobooo0ooooonoo
0O.00,pr'-0000000000000000000000MOO0OO0O0OO0O0OOO0O0O0O0O0O0OO0
go.

000000000000 430000 A-00000000000O00O0O0O0OOOOOOOOOOO
O00.0000000 8'xS'xsl00000000000000000. 0000 A”-00000000
00000000000000,000000000000000000000000000OCO0O00O »"-0O
gbobooboboooboobooooboooooboobooog.

00 43000000000000000,A"-00000000O0O0OOOOOOOOO. ODOOOOO
goboooobooooooboooobooob. booboobobooooobooboooboo,oooooobooooD
gbooobooboo.boo,3bouobouoboboooooboooooboobooooboooboog.

00 5.2. POODDOOOOO S'xS'xS'0000000000 AY(P)>4040
00000000000000000000000,0000000000000

00 5.3. n000000S'xS'x... xS 00000000000000 (n+1)!000000000
ooo

00000000000000,(r+1)0000000000-000000000000000000
0000 [DPS] (Steinberg 000000000). 00000 Steinberg 0000000000000000
000000000000000.0,000000000000000000000000,000000
00000000d000000000,d+1000000000000000000000000000
00,000000000000000000000 (FGGO0).

5.2 U0OU0OO0OObOObOOOOOObObOOOO

00000000000000000 A”-0000000000000000000000000, 00,
00000000000000000 Kolins [Ko]JODO Mu2]000 A00000000000000.
000000000000,0000000000000000.

0000 h=(ho,h,...,ha) €21 000, Oh = (8ho,Oh,...,0hq1) €Z10000000

Ohi =(ho+h1+---+hi) = (ha+ ha—1+ -+ ha_y).

00 5.4 (Kolins, 00). 0000 h = (ho,h,...,hq) €240 (d—1)000000000000000
h-000000 AODOD (1)«(7)000000000000.

(1) ho=1,hg=0,00 k=1,2,...,d—1000 hy >0.
(2) k=0,1,...,d—1000 8hg > 0.
(3) 00 d0 0ddD,00001<n<d-2000 8h,=000000 Y¢_,hx O even.

(4 001<n<d-20000h,=000000
hi +hgp—1+ -+ hg—py1 > 0hy fork=nn+1,...,d—1

(5) 0000 4,;0000,8h;=0,h; =000 i+;<d00000 Y¢_,he O even.

6) 001<n<%0000dh,=0000000.00n<l<d-n0000 (he+he1+--+
he-np1) —Ohy <nDDOOO0 Y¢_ hy O even.

4000000000 he(P) > 22.
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(7) 0000 4,j0000,0h =0,h;=0,0<i<%00d-i<j<d000000.0000¢<d—j
0000 8he <£00000 S4_ohy O even.

Stanley-0 000 00000DOOCO0O0 43000000000, 000 A000000000D0000DO
000000000000 A-00000000000000000O0, 0000000000000, 00
gboboobOoboooobooboooo.

googd.

goboooobooooooooooobooooooooobooobobooobooobooooooobooooboon,
goooooooboboooooobobooooooobobobobooooDb.oboboboobooooboo
Stanley 000000 [St1,St2)0, 0000000000000 0O00OO0OO survey [Mal, Ma3] 0000
gooooao.

ooon

[Bj]

[DPS]

[FGG]

[St1]

[St2]

A. Bjorner, Posets, regular CW complexes and Bruhat order, European J. Combin. 5 (1984),
7-16.

K. Dilks, T.K. Petersen and J.R. Stembridge, Affine descents and the Steinberg torus, Adv. Appl.
Math. 42 (2009), 423-444.

M. Ferri, C. Gagliardi and L. Grasselli, A graph-theoretical representation of PL-manifolds—a
survey on crystallizations, Aequationes Math. 31 (1986), 121-141.

V. Klee, A combinatorial analogue of Poincaré’s duality theorem, Canadian J. Math. 16 (1964),
517-531

S. Kolins, f-vectors of Simplicial Posets that are Balls, J. Algebraic Combin., to appear.

M. Masuda, 000 000000000,0000000000 1393 (2004), 83-95.

M. Masuda, h-vectors of Gorenstein* simplicial posets, Adv. Math. 194 (2005), 332-344.

00 00,0000000000,00 62 (2010), 386-411.

S. Murai, Face vectors of simplicial cell decompositions of manifolds, Israel. J. Math., to appear.
S. Murai, h-vectors of simplicial cell balls, Trans. Amer. Math. Soc., to appear.

I. Novik, Upper bound theorems for homology manifolds, Israel J. Math. 108 (1998), 45-82.

I. Novik and E. Swartz, Socles of Buchsbaum modules, complexes and posets, Adv. Math. 222
(2009), 2059-2084.

R.P. Stanley, f-vectors and h-vectors of simplicial posets, J. Pure Appl. Algebra 71 (1991), 319-
331.

R.P. Stanley, Combinatorics and commutative algebra, Second edition, Progr. Math., vol. 41,
Birkhauser, Boston, 1996.



