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1 BUBIC

MEHEIZ B 25855 LD Markov Chain Monte Carlo # (MCMC) % & Ui il
O¥x: BT, FRLBOWHIENETH S binomial ideal 2 Fiv2 5 &, RUAHMATHERT
HTENTESL ([3], [6]). &5, EHEIERME ([6]) bMMTH D, binomial ideal %%
RICHETHIHEVEETH 5.

binomial ideal & i3, &k £D n BREHNIR k(z) := k[z1,.. ., 2] 12BWT, binomial

az® + b2 (a,b €k, a,f € N™) (1)

& o THERENS ideal 2\,

binomial ideal DEHIE, Grobner basis BiROHHEF (BT, [2) Kb BHE, 0F
D, SERBIRDH % Grobner basis Z WV CEHET 5 2 L CHEMICIITERTSH S, L
Ladh, TOHFER, HPEESLEICRSZ L LY (Grobner basis FFEFEH O K
L CHERRZD), PLYAXOREVHBICEAEL 25, HBEREZEAL LW
LW7 AT YXAN 4 CEDRBEINTBY, PLroT ORI R ERTHS,

FHETE, WEDOTVIT ) XLADOEERLEY 27 A Asir [1] EAOEEE EOE
TRHRIOVWTHET S, 7, £ 280 THHELD MCMC IZOoWTERTA. % 3 i,
# 4 #12C, binomial ideal HHET7 NV TV X ADEER LTI FOETHERELBRS.

2 SHEREOESIEHRME

2.1 IxJ HERDFE

FHFIZH$ % Markov Chain Monte Carlo # (MCMC) i, x? iEOMC & 27
BRBOTEDEMN L L BVIEE (BIRIE, FEVOREYN 5 LT TH 5 LI RBAR
Fisher O EHEMEREFERTERVWEALE) VAN TH L LWV ) BEKRT, BERTH 5.

ﬁf[l r= (’I‘1,7‘2,' . -,’I‘I) :‘:Flﬁﬂ C = (C1,C2, . ",CJ) 75“'}71 ronf: IxJ ﬁ‘%ﬂi@ﬁi@
BEEQUro) T (N=_n=Yj,0):

Q(T,C) = {'u. I u= (ui_.,')isI xJ, up =ry, U.j = Cj, Uij € No}.

RERE
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ZCT, w= Zf:l Usj, Uoj = Z;’I;l u; TH5.
Or,c) LOWEINR X BRI

[L;mi! 1 ¢3!
N!Hi,juij!
WD L2 FIET B L, Q(r,c) LD Markov chain i, ATD X ) 2kt 3. BL
21T RRB 252 7 VT MRS, FhODPLR5 4 DDEHRIIBNT,
-1 +1
+1 -1

LY ABBOLS L (s:= (@) BY) X, ThHE M= {mymg,-,m £T
%5, 2FN1<i<k<1<j<ISTIMLT, m=(myp)EM I

-1 (a=1,b=7j)
1 (a=i,b=1)
Map = 1 (a=k,b=j) 2
-1 (a=kb=1)
0 (ZD1th)

Thb. HEMAMEueQr,c) KHLT, v =ute-m; ET5. 1L, ¢ 2HEX1/2
TEY, mi b M ORPPLTIVFTARREDDETE, FOFKER W BT, BOE
FegbridRw il Fs, 2)ThiTIE, o KBBTS, o 2EOTu L, &
DREZIRYET. TIT, v E420EFIIBVT 21 SNBBIROT, o € Q(r,c)
THbH. TOXHICLTTE S Markov chain i3 connected Td 5,

[B] BT, (2) D& ) BEYDEIK M % connected % 5% % T L AT Grobner basis
HAVTRENTWS, LA L%d5, D Markov chain 7% reversible & XRS5 72\,

PAFiZik =% Metropolis HEIC & % &, reversible & %2 Y, BESHAi% b2 Markov chain
PHRTES .

L s=Q)0); 5:=0;
2. ueQ(r,c) BREE;
3.  while(j < REPEAT){

31 FEER1/2 Te=£1 2RE,;

32 i:=0~ s D—REELEK;

33 ute milBVT, ERPRICREPE I POHE,;
BLEIRBIE, ATy T 37~
3.4 '=Pr(X=u+e-mi).

Pr(X =w) '’
3.5 h:=0~10D—REE;
3.6 if(r>1) then u:=u+¢c-m;;
else if(r > h) then u:=u+¢-my;
3.7 u Dy ELEHE;
38 ji=j+1;
}
CZT, REPEAT GBESHFCHEL 2L A5 BALGEE 108 ).

UGREOFER, RROKMIDY, 4HROBRETHS.

PI‘(X =u= {uij}) =

% Metropolis’ trick.
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fil 2.1 47H01 (1,1,2) BLO 5IF0 (1,1,2) £ %5 3 x 3 HEREEEELS |

Q((1,1,2),(1,1,2)) = {

ol O
[HH}

M1, 9((1,1,2),(1,1,2) KT 287 7 7ThB, LI, u & up BB m IS

LoTuj=ur+e-m; DEEHERI L L L TWwWA. Markov chain #° connected &3,
Qr,c) KT 2EEZ T 7BV, R1OXICEEAIPSDOY —% v M HHFET S

ZETH5B.

@\v‘@
(4 ‘@ ()

1: Q((1,1,2),(1,1,2) MY 2 ERZ 5 7

5l 2.2 £ 11 Queen Victoria DFH 82 ADHLER LBTHIZOWT /207K TH 5.
HEro, [REALECAICEIEESD ) | LEbhTwni, ¥ RELERT 5 L,

x2 = 115.6 < 147.7 = X3 45(121)

LY, BEAIDHD LTI, {2143, HEE 121 @ x? SHAOFEBEK (M) &
MCOMC X 2 FEME (B 7 7) 25D THS. o, HEL s 5 L
TTHY, 2 UKL L 2VHEEOBITHS. 80 25 100 fHETTNhAH 5.
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2: p.d.f of x2(121) vs. p.d.f. of MCMC(10%)
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22 IxJxK BEROHE

%21 HiOMRIE 3 TAFRICOBSICHIRTE S, IxJ FHROBE, VLod .
ORIIFDNMHBEAETCHLI L TH Y, THIZFREMCHOHEIENGZ ONd L TDE
&R ERY 5.

S7-DHDFRIL, Markov chain AT connected & 2 % & ) & BEDekzr BRoiFso
Thbs. DL LBEOEEE Markov basis LFES |

EH 21 Z, Z7 o FREEEEZLEN {e}, {e]} LLT, WBER

: NV o Zlepz’

)

FEDBLE, Qr,c) = {ue NV |n(u) = [Z]} Thb. m DEERE ZV IHBLT

ker(r) C ZM %#E 2B L & (4%, ker(n) C 2V LT 3), ker(r) DEBOTIZELHE A
BT B, L7z 2T, ker(n) DEEN Q(r,c) LNV L DD Markov basis 5% 5. &
Z°C, {my, --,mp} C ker(mr) #* Markov basis TH 5% &iF, TTD u,u’ € Q(r,c) i<
LT, (e,miy),...,(ea,mi,) DFELEL T (2L, ¢ ==%1),

A a
u’=u+Zejm,~J. Bllﬁu+§:ejm,—j >0{(1<a<A)
j=1 j=1 ‘

ERIzTILTH B,
Bl 23 IxJ FERDOLE, (2) THLONSD M # Markov basis TH 5.
EC, IXJIXx K FERCBITS 3 KREERRLEFN

Pu1pif1 _ P11kPijk 2<i<I,2<j<J2<k<K
PiniPij1 PilkPijk

225, ZOEFIVOTSEEEID line sums

Uiy Usky Uij.
Thb. IxJx K FEROEHEIZE FHIC Markov basis 2 EET 5.

T 2.2 THIZRH 2V, 27K, 275 OfERIEE TN, {e5), {eh), {eh} L LT, #
HE%

D . NIJK N Z1J$ ZIK® ZJK .

Uik P Dk ik © el © el “

REDDHLE, Qr,c,h) = {ue NVE | d(uw) =[r ¢ A} TH2. & DEHRBZE
ZVK PR L Ther(®) ¢ 27K 22 % L & (41, ker(®) C ZI7K L3 3), ker(®) @
EEDTTI line sums T AEICT S, L7z oT, ker(®) DEES Q(r,c,h) LDV LD
O Markov basis 5.2 5. {my,---,my} C ker(r) % Markov basis T % L%, TXT
D u,u’ € Q(r, e, h) LT, (el,m,-l), ceny (eA,m,-A) PELELT (7:7‘3‘[/, € ==1),

A a
u’=u+Zejm,~J. :fo’JZU“u+Zejm,-J. >0(1<ax< A
j=1 j=1

BARITIETHA.
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ZOLE, BEIMTHRNEFHEICLY 3x3x3 FHEK B AKREMBELETNV) D
Markov basis IZ&R 2 D L HITH-Z 605, FL T, &£ 2 HiDi#is & 13247 L T connected
72 Markov chain 7 BT X 5.

R 2: 3 x:3 x 3 FEED Markov basis

- 4+ 0 4+ -0 000
+ -0 - 4+0 o0 0 211 4K
0 00 0 00 O0O0TO

(=]

+ -0 - 4+ 0 000

0 + + 0 — 00 0 188 6%
0 + — 0 — + 000
+ -0 -0+ 0 + -
- 4+ 0 +0 - 0 + 36 6R
0 00 00O O0O0O
-+ 0 + 0 - 0 +
+ 0 — — 0+ 00 0 2818 7%
0 — + 000 0 + -
+ - 0 0+ 0 + -
- 0+ 000 + 0 - 1 9K
0 + — + 0 — - — 42

il 2.4 £ 3 1357 (Northern Protestant, Southern Protestant, Catholic), ## (Low &
9 FERMOBFE L ZVF 723, Midium & 9 EPL L 12 £R4, High i3 12 £P L) dbAsnic
LB NLHENDHERE (Positive, Mixed, Negative) ¥ T L 972 3x 3 x 3 FEETH 5.

3 R, BEOLPWICL B ATRENDREE (1972, 7 A %)

Northern Southern
Protestant Protestant Catholic

P M N P MNUPM N
L 9 16 41 8 8 46 11 14 38
M 8 52 105 35 29 54 47 35 115
H 77 30 38 37 16 22 25 21 42

IPFP IC & 2L VOB ST
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12.01 14.43 39.58 9.44 12.25 40.27 6.55 11.32 45.13
85.75 52.51 103.8 36.55 24.17 57.27 44.68 39.32 113.0
73.24 31.06 40.66 34.01 15.58 24.45 31.77 19.36 36.87

kY,
X2 = 13.37 < 15.507 = x3 05(8)

2135, XoT, SRKEEBLRLEFNMIZTZ 4y FLTWS,

3k, HHE 8 @ X2 SAOFEERLL (M) & MCMC I X2 BB (B 7)
2N b0TH B,

30 40 50

B 3: p.d.f of x*(8) vs. p.d.f. of MCMC(105)

3 binomial ideal St&E7 /I Y X L

Grébner basis i3, BBE 11TV ) &, FEBSHAROATFTIVOERITD I S [H
LHE| I DERTOI L2V, Kk LD n BERESHAR k(] = k[zy, 22, -, 2]
BT, BHE 2% =zP0)? - 2l KHIEF - BRI 5. BIRE 21,29, -, 2, DFFE
FNEFIBIEFTH 5. fekjz]) CHEITNIBHEDI L, - KHEL TREOHIEAE in, (f)
EEL k) DATT NV INEAONILE, TORERG = {01,092, g5} CIHID
Grébner basis TH 5 & i3, (in.(f) | f € I) = (iny-(g1),in(g2), - - - ins(gs)) P L E W
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I, BEDAF 7 MZIFL T Grobner basis i —&F 2t & WA, FRIGHED S & Tld—
EBEWTHAH. TN L)% Grobner basis % ##iZ reduced Grobner basis £V 9. %, 13&
A DEIMEY AT Ak 20 reduced Grobner basis DEFEEZHE— P LT 5,
4 ORI Grobner basis DHFRHZFHHLAL DI, (3) TH A LHEEEE SHR
Eg~NERLETS
i klu] — k[t

uij — tei(Be; . (5)
f‘:ffl/’ u= (ull)ulza”')uIJ) f@ D y t= (t1;t2)"')t1+.]) T‘%Z"- Znk g)

(uij — t57%%) (6)

BIT+I1+J BOEE u, t 5% 5EERR k[u, t] DA FTNVTHY, ker(7) i kfu] D
AFTNVTH5B. %28, (6) it binomial ideal TH 5.

fl31I=J=3DL%,

e k[uu, <o ,U33] — k‘[tl, e ,ts]
Uij - 169€;

BT, ker(#) 1%, binomial ideal
(w11 — tity, u12 — tits, w1z — tits,
ug1 — toly, Uz — tols, uss — tots,
ug1 — tats, usz — tats, uzz — tste)
&L,
ker(#r) & Markov basis DBIfRIIRDOHETERI OIS .

i 3.1 ([3]) {ma,---,mr} ¥ Q(r,c) LD Markov basis T 5 =D LE+5544E,
{t™ — ™ |1<i < L) A ker() OERTETHHZ LTHB, ZIT, mf,m; &
YICHFRDOERDPLLY, mi=mf —m; £%25.

5 3.1 7* 5, Markov basis % 35K® 5 Z kit (5) TEF 5 ELDOB ker(#) DERTE
ROLMBIFEZE SIS, ZOBEDHEEL Grobner basis BEATREMOEETH ), L
TD& )2 Markov basis Z RDB7NT ) X APHEKTE S,

Markov basis 23K 5 71T Y X A ([2])

o (ujj — £6:9€; ) (C k[u,t]) ® reduced Grdbner basis (with elimination order ¢ > u)

GZRDL.

o G':=GNk[u] #* I D (k[u) iZ5VF %) Grobner basis i.e. T = (G).
G HK® % Markov basis TH 5.

ker(#) @ reduced Grobner basis i3,

{uigukj—uijukgll£i<k§I,1§j<K§J}
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ThHY, hi (2) SETHBH. ZIT, up a‘sJ:U*ukj i +1 %, Uij BIU e 21T
—1 &xnEE s, :
IXJXx K BEROBPELFRTH S, HBER © ¥ SHAER &~ b LT3

&: Ku - kg
Uigk 161 9€LOE),
Rl u= (Wi11s - -, UITK ) E = (T11y -+ TLDYLL - VIKO 2115+ - 20K) CH D, BB,
ker(®) 13 IJK BOEM u 5% 54 k LOSZHAIR kju]| DI TFTNVTH 5.
ker(®) & Markov basis DRI RDHFETHER NS !

% 3.2 ([3]) {ma, -, mL} ?° Q(r,c,h) LD Markov basis Th 72D D LE+T &M
&, (8™ -t |1 <i< L} WS ker(d) DERTTHHI L THS. 22T, mF,m; &
EDRHADEZRPLLY, mi=mf —m] L%5.

W 3205, FREFARICETTELY, 0TI TCREROBESLLEAT 5 LEHE
WHEET 5. €2C, —2OEBHKL L TUTICHRRS [4) OFFEICL Y, Markov basis %
UTOERCETIFHETS :

BEL1u= (u, ugk) 2EDT (ug, - ,up) T 5. ker(®) 2 RIEFES C C
ker(®) 1AL T, Jo= (@ —u¥ |vel) LB LE,

ker(®) = (Jo : (ug -+ un)™)
THb. 28, (Jo:(ur - up)®) ={g| (1 un)'g € Jofor somer € N} TH 5.
FE 2 ker(®) = (¢ (o : u®) : u) -+ ) : ) DRLS 5. |

X 3 HERF% dil with u; > -+ > up £ L, G % reduced Grobner basis of J C k[u] &
T35, COLE, G ={feG|us JFIU{f/ul|feGandul|f} LBE, ¢ W
(J : uP) # Grobner basis TH 5.

HEIRZHEEL 2LHLCHENCGEBT L, TEOERIEONS,

I=J=K=30nk%, Markovbasis 3 2 DX 2% 5b. 45 110 E»6%Y, 5
DONY =V IZHHETE B, Grobner basis DT TREAFNEFN 4, 6,6, 7, 9 KRDLER
Gl Tw b,

4 ETER

FAXRIxIx K Thb 3 ToERCBTAEBERMEEREL S, I,J,K OfEIC
LT, BLECRTEEDS %5 (1) OHORD Grobner basis Z5HEL 2iThidk o %
V1, 3 1 £i¥, DEC Alpha station (500MHz, 1024MB) L TOZNENDETHRTH 5.
%B, asir DEBEBOF 7Y a vk, asir -adj 16 -heap 32, gbcheck 2L T 5.
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1 B o N

F 4 IxJIx KDEED 2BAFTVEEORKRH

2l DFE | 4 KR | 2] ok | 4 oFE
I'J K xT%E% | & ] BX | CPU(sec) | CPU(sec)
2 2 3|12| 26 [ 2] 12 1.1 0.2
12 3 3(18| 39 | 4| 18 55.1 0.2
2 3 4|24| 50 [6] 24 1353.6 5.6
2 3 53] 61 [8] 30 19666.3 9.9
2 4 432[ 64 |9 32 408.9
2 4 5|40 78 12| 40 4days
3 3 3|27 54 [ 8] 27 4953.0

SE M
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Computing binomial ideals

Shigekazu NAKAGAWA and Koushou TSUCHIHASHI*
Department of Computer Science and Mathematics,

* Graduate School of Science and Industrial Technology,
Kurashiki University of Science and the Arts,
Nishinoura, Tsurajima-cho, Kurashiki, Okayama, 712-8505, Japan
(Received September 30, 1999)

There is a problem of computing ideals which consist of binomials. We call them
binomial ideals. Binomial ideals are arising from several branches of mathematics, such as
Markov Chain Monte Calro method for contingency tables, enumeration of contingency
tables and integer programming. In this paper, we realize the efficient algorithms on
computer algebra system Asir. Related topics, especially Markov Chain Monte Calro
method for contingency tables, are surveyed.

*Graduate School Student



