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1 2 oo EIFR HGM DOBEBEHEIZDOWT

Z DFIHE TIE HGM (holonomic gradient method) % AWz 2 Ju4r EIZR D BIEUZ DWW TELHA
3 %. ChangeLog DIHH I www.openxm.org @ cvsweb TY — A3 — R % G RFD B IZ 42
BLIEWMPENPNTNS.
AL THIHL TWD SCHRE 512655
e [GM2016] Y.Goto, K.Matsumoto, Pfaffian equations and contiguity relations of the
hypergeometric function of type (k+1,k+n+2) and their applications, arxiv:1602.01637
(version 1)
e [T2016] Y.Tachibana, £537HH./ IV 7 AEEDEY 27— AV v NIZX 25RO @b,
2016, MUF KRB LR
e [GTT2016] Y.Goto, Y.Tachibana, N.Takayama, 2 Je/3 IR T B 00/ Iv T4
BlikDSE%E, RS se ik (FoH 77E).
e [TKT2015] N.Takayama, S.Kuriki, A.Takemura, $A$-hypergeometric distributions and
Newton polytopes. arxiv:1510.02269

2O~ =a 7 )VCHIAT S EEE W72 T Ll gtt_ekn/test-t1.rr 722,
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2.1

AR E(k,n)

2.1.1 gtt_ekn.gmvector

gtt_ekn.gmvector (beta,p)

i J& A Mbeta, £V DERp D 507 FIRITABES S BETEIE E(k,n) DIES
FOZ D DEZE RS

gtt_ekn.ekn_cBasis_2(beta,p)

DA THS.

return R ML, EEABEBOMEE ZOWy. FHL IR TR

beta

p

TR FURIDY A b B E T RTIETHE I L.
TR EROENVDIEREDY AN
gmvector |& Gauss-Manin vector DI T&H % [GM2016].
gmvector DRV fEIX[GM2016] @ 6 & p.23 DRI ML S ThHD. ZHIX[GM2016] D4
HETEBINTWEIRIMNVF OERMETHD, T DERULEE — 55 H[GM2016] D6 &=
TREBRINTVWAHEN S DIEEFLLRD LD ITHROSNT NS,
rl x 12 BEFREZEZEZS. m+l=rl, n+1=r2 & BL. EHEHR Z X7 #FK u % (m+1)
(n+1) {7512 T2LZ pru/ul DRTHS. T2 CTHIUZITHFIFIA beta THB LD 7R u 2
R TE 5[TKT2015], [GM2016]. S IZZDLHEANZ D p %
[[1,y11,...,y1ln],
(1,y21,...,y2n],...,
(1,yml, ...,ymn],
(1,1, ..., 1]1]
(1 2L FRUZAR), & ERLL 728 Th 5.
2x(n+1) 73 #FE T, gmvector DR % Lauricella F-D TEHEL ZERUTFTDESIZTE
% (b[2][1]-b[1][1] >= 0 D&HH). T T b[1][1], b[1][2] IF, ZNEN 1 fTHDITHI, 2 17H
DITHI b2][i] & i FEHDFIFITHS.

S=F_D(-b[1,1], [-b[2,2],...,-b[2,n+1]], b[2,1]-b[1,1]+1 ; y)/C,
C=b[1,1]! b[2,2]! ... b[2][n+1]! (b[2,1]-b[1,1])! &BL. 1/C IF L FERID 5 EIF
[[bl1,1], 0, ..., 0 1,

[b[2,1]-b[1,1],b[2,2], ..., b[2,n+1]1]]
WX It. gmvector 1X

[S,(y11/a2) d_11 S,(y12/a3) d_12 S, ..., (yin/a_(n+1)) d_1in S]
TH5. 22T dij & yij iIZ2WTOWES,
[a0, al, ... ,a_(n+2)]
= [-b[1,2],-b[1,1],b[2,2], ..., b[2,n+1],b[2,1]]
Thb.

JA A M beta® D IEFULEED L IVHERp (23T B HIZZERAITIB/LL 72 E(k,n) OfET
REITE 5. H[TKT2015], [GM2016] S .
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e option crt=1 (crt = Chinese remainder theorem) % 5-2 % & | 7ikEHHEEZ B IS [T2016].
DEETRHADOEFENT A —XDFE X gtt_ekn.setup TR

Bl R 2 x 2 D EIRTIFMID5,1], FIRIH(3,3], FVORERD([1/2,1/3],[1/7,1/5]] D
D gmvector DIETH 5.
[3000] load("gtt_ekn.rr");
[3001] ekn_gtt.gmvector([[5,1],[3,3]1]1,[[1/2,1/3],[1/7,1/511)
[775/27783]
[200/9261]
£%: 2 x m 77 #FK (Lauricella FD)IZDWTIE NNy 7 —Y tk fd TH NED KD IZFAISFR
HENTED. SHERHPEORZS 7025 AR DO L, debug IS,

[3080] import("tk_fd.rr");
[3081] A=tk_fd.marginal2abc([4,5],[2,4,3]);
(-4,[-4,-3]1,-11 // 2 FD D/NFX—% . a,[bl,b2],c
[3082] tk_fd.fd_hessian2(A[0],A[1],A[2],[1/2,1/3]);
Computing Dmat(ca) for parameters B=[-4,-3],X=[ 1/2 1/3 1]
[4483/124416,[ 1961/15552 185/1728 1],

[ 79/288 259/864 ]

[ 259/864 47/288 1]
// BRiBl* [F=F_D, gradient(F), Hessian(F)]

// ekn_gt TOHIERL/NTA—%.

[3543] A=tk_fd.marginal2abc([5,1],[3,3]);

[-5,[-3],-1]

[3544] tk_fd.fd_hessian2(A[0],A[1],A[2],[(1/3)*(1/7)/((1/2)*(1/5))]1);
Computing Dmat(ca) for parameters B=[-3],X=[ 10/21 ]

[775/27783,[ 20/147 1,[ 17/42 1]

S — D A 54D IEBAL EEIZ D W T D Hessian D & 5 1% 5 B& 7 package
ot_hessian_ahg.rr TEEDTANINT WS, (ZHUFEZRTERDT AN D TH IR
St NI I EEE NG )

import ("ot_hgm_ahg.rr");
import ("ot_hessian_ahg.rr");
def htestd4() {
extern Cl1_A;
extern Cl1_Beta;
Hess=newmat(7,7);
A =C11_A;
BetaO= [b0,bl1,b2,b3];
BaseIdx=[4,5,6];
X=[x0,x1,x2,x3,x4,x5,x6];
for (I=0; I<7; I++) for (J=0; J<7; J++) {
Idx = [I,J];
H=hessian_simplify(A,Beta0,X,Baseldx,Idx);
Hess[I][J]=H;
printf (" [I,J]=%a, Hessian_ij=Ya\n",Idx,H);
}
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return(Hess) ;
}
[2917] C11_A;
tfo,0,0,1,1,1,11,[1,0,0,1,0,1,01, [0,1,1,0,1,0,1],[1,1,0,1,1,0,0]]
[2918] C11_Beta;
[166,36,290,214]
[2919] Ans=htest4$
[2920] Ans[0] [0];
[[((b1-b0-1)*x4)/(x0"2),[4]], [((b1-b0-1)*x6)/(x0"2),[6]],
[(b172+(~-2%b0-1) *b1+b0~2+b0) /(x0°2), [1], [(x6) /(x0), [6,01], [(x4)/(x0), [4,0]1]]

SR Section 2.1.5 [gtt_ekn.setup], p. 8, (undefined) [gtt_ekn.pfaffian_basis|, p. (un-
defined),
ChangelL.og

o ZOBEIX[GM2016] DT LTV X LB X T[T2016] iZ& % modular method % FH\ 7z &
HL FEE LB DTHD.

o ZH % %) 727 7 A ViE OpenXM/src/asir-contrib/packages/src/gtt_ekn.rr 1.1,
gtt_ekn/ekn_pfaffian_8.rr

2.1.2 gtt_ekn.nc

gtt_ekn.nc(beta,p)
i A beta, VDR O — e BFIRDEMNS RO EFLEHR Z BLO

ZDWHIDIEE RS
return NI MV(Z,[[d11 Z,d12 Z, ..], ..., [dom1 Z, d-m2 Z, ...., d_mn Z]]]
beta 7R, FIFIDY AN . B IE T RTCIETHB L.
p IR ERORIVDHEEDY AL

o 11 x12 DEFEEZEZS. m=rl, n=r2 &BL. EHFELEHZ ZHEEKu%Z m n 175
£35LE pru/ul ORITHS. T THIITHIFIFI Rbeta THB X572 u BIKTL
% [TKT2015], [GM2016]. p~u i% p_ij~u_ij D&, u! X uij! OETHS. dijZ TZ D
ZR pij T2V T ORI %E LT
e nc & gmvector D% JLIZ, [GM2016] @ Prop 7.1 (ZFEHDWT Z OfE%FHHE T 5.
e option crt=1 (crt = Chinese remainder theorem) % 52 % &, D#GEIHEEZB %5, 4
BETEH D& NT A —X DFE gtt_ekn.setup TIT7RD.
fil: 2x3 RERTD Z & Z DM DEHE.
[2237] gtt_ekn.nc([[4,5],[2,4,3]1],([1,1/2,1/3],([1,1,11]1);
[4483/124416,[ 353/7776 1961/15552 185/1728 ]
[ 553/20736 1261/15552 1001/13824 1]
2% 2 x m 7 #& (Lauricella FD)IZD\WTIE/8w 7 —Y tk fd TH FitD & 5 IZFAFHR
FHRENTES.
[3076] import("tk_fd.rr");
[3077] A=tk_fd.marginal2abc([4,5],[2,4,3]);
[-4,[-4,-3],-1]
[3078] tk_fd.ahmat_abc(A[0],A[1],A[2],[[1,1/2,1/3],[1,1,111);
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RS=[ 4 51, CSnew=[ 2 4 3], Ynew=[ 1 1/2 1/3 ]

[111]

Computing Dmat(ca) for parameters B=[-4,-3],X=[ 1/2 1/3 ]

[4483/124416, [[353/7776,1961/15552,185/1728],
[653/20736,1261/15552,1001/13824]1]]

// RiEl& [z, [[d_11 Z, d_12 Z, d_13 7],

// [d_21 z, d_22 Z, d_23 Z]1] DfE.

// ZZT diij & i,j BRBIKDO2VWTOHMP%ERT .
SR Section 2.1.5 [gtt_ekn.setup], p. 8, Section 2.1.3 [gtt_ekn.lognc|, p. 5,
Changel.og

o B % %77 7 A ViE OpenXM/src/asir-contrib/packages/src/gtt_ekn.rr 1.1,
gtt_ekn/ekn_eval.rr

2.1.3 gtt_ekn.lognc

gtt_ekn.lognc(beta,p)
= A beta, €IV OMERDp O 50 EIRO MM E RO IEFLER Z D log
DEAUES & 2 DS D% RS .

return N7 M V[log(Z), [[d-11 log(Z), d_-12 log(Z), ...], [d-21 log(Z),...], ... ]
beta 7R FIFIOY AR . LT RCTIETHE I L.
p TN EROVIVDHERDY AT

o SRAATE BIHEREIZHIAIS S [TKT2015].

e option crt=1 (crt = Chinese remainder theorem) % 52 % &, FMEIHEZEI LS.
BETEH ORI/ NT A —X DR EIL gtt_ekn.setup TIT7RD .

Bl: 2 3 BEIRTOH]. 5— i3 D AIELUE.
[2238] gtt_ekn.lognc([[4,5],[2,4,3]11,[[1,1/2,1/3],[1,1,111);
[-3.32333832422461674630, [ 5648/4483 15688/4483 13320/4483 ]
[ 3318/4483 10088/4483 9009/4483 ]]
2% 2 x m 7 #EE (Lauricella FD)IZD\WTIE/8w 7 —Y tk fd TH FiiD & 5 IZFAFHR
FHENRTES.
[3076] import("tk_fd.rr");
[3077] A=tk_fd.marginal2abc([4,5],[2,4,3]);
(-4,[-4,-3],-1]
[3078] tk_fd.log_ahmat_abc(A[0],A[1],A[2],[[1,1/2,1/3]1,[1,1,111);
RS=[ 4 5], CSnew=[ 2 4 3], Ynew=[ 1 1/2 1/3 ]
[111]
Computing Dmat(ca) for parameters B=[-4,-3],X=[ 1/2 1/3 1]
[-3.32333832422461674639485797719209322217260539267246045320,
[[1.2598706, 3.499442, 2.971224],
[0.7401293, 2.250278, 2.009591]11]]
// RIEIE [log(Z),
// [[d_11 log(Z), d_12 log(z), d_13 log(2)1,
// [d_21 log(Z), d_22 log(Z), d_23 log(z)]1]
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// DELUE.
SR Section 2.1.5 [gtt_ekn.setup], p. 8, Section 2.1.2 [gtt_ekn.nc|, p. 4,
ChangeLog
o ZW%32F7-7 71 )ViE OpenXM /src/asir-contrib/packages/src/gtt ekn.rr 1.1.
2.1.4 gtt_ekn.expectation

gtt_ekn.expectation(beta,p)
i i beta, £IVOMERp O —sun EIRDMFHEZ G5 T 5.

return TIAE RO K LI OIARHMED) A .
beta 7R, BIFID) Ah . ST RTIETHDHZ &,
p TR EROIVOMERD) Ak

e [GM2016] @ Algorithm 7.8 DI,

e option crt=1 (crt = Chinese remainder theorem) % 52 % &, A MEIHEZS I LS.
BETEH ORI/ NT A —X DR EIL gtt_ekn.setup TIT72D .

e option index # 525 &, BEINZK D ODHFHEDAGE TS, 72 21X 2 x 2 HIK
T index=[[0,0],[1,1]] HEETD &, 1 DH DT DHFHED AR TS.

22, 33 D4 E|FR O WA HAH.
[2235] gtt_ekn.expectation([[1,4],[2,3]1],[[1,1/3],[1,1]11);
[ 2/3 1/3 1]
[ 4/3 8/3 1]
[2236] gtt_ekn.expectation([[4,5],[2,4,3]1],[[1,1/2,1/3],[1,1,1]1);
[ 5648/4483 7844/4483 4440/4483 ]
[ 3318/4483 10088/4483 9009/4483 ]

[2442] gtt_ekn.expectation([[4,14,9],[11,6,10]1]1,([1,1/2,1/3],[1,1/5,1/7],[1,1,111);

[ 207017568232262040/147000422096729819 163140751505489940/147000422096729819
217843368649167296/147000422096729819 ]

[ 1185482401011137878/147000422096729819 358095302885438604/147000422096729819

514428205457640984/147000422096729819 ]

[ 224504673820628091/147000422096729819 360766478189450370/147000422096729819
737732646860489910/147000422096729819 ]
2% 2 x m 43 #|5K (Lauricella FD)IIZDWTIE /Sy r— tk fd TH FilD &S 12 A%
STENTES.
[3076] import("tk_fd.rr");
[3077] A=tk_fd.marginal2abc([4,5],[2,4,3]);
[-4,[-4,-3],-1]
[3078] tk_fd.expectation_abc(A[0],A[1],A[2],[[1,1/2,1/3],[1,1,111);
RS=[ 4 5], CSnew=[ 2 4 3], Ynew=[ 1 1/2 1/3 ]
[111]
Computing Dmat(ca) for parameters B=[-4,-3],X=[ 1/2 1/3 ]
[[5648/4483,7844/4483,4440/4483],
[3318/4483,10088/4483,9009/4483]]
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/] EEIOHBREHE.

2% — RO A DA DB T ot_hgm_ahgrr. T 7ZEERMW 7729, module {LX 1T
W72, ot_hgm_ahg.rr (2D W T D £ XHk: K.Ohara, N.Takayama, Pfaffian Systems of
A-Hypergeometric Systems II — Holonomic Gradient Method, arxiv:1505.02947

[3237] import("ot_hgm_ahg.rr");

// 2 x 2 pEIXK.

[3238] hgm_ahg_expected_values_contiguity([[0,0,1,1],[1,0,1,0],([0,1,0,11],
[9,6,81,[1/2,1/3,1/5,1/71, [x1,%2,x3,x4] |geometric=1);

oohg_native=0, oohg_curl=1

[1376777025/625400597,1750225960/625400597 ,

2375626557/625400597,3252978816/625400597]

// 2 x 2 DEIROEAFFE.

// 2 x 3 DEIK.

[3238] hgm_ahg_expected_values_contiguity(
tfo,o0,0,1,1,11,I[1,0,0,1,0,01, [0,1,0,0,1,0], [0,0,1,0,0,111,
(5,2,4,31,[1,1/2,1/3,1,1,11, [x1,x2,%x3,%x4,%5,x6] | geometric=1) ;

[56648/4483,7844/4483,4440/4483,3318/4483,10088/4483,9009/4483]

// 2 x 3 NEIROHARFE. EEELCHEE.

3 x 3 pEIE. WEER 02—,

/*
dojo, p.221 DT —% . FMIE3ILUTOEFKIFEHTVEDIC.
211
833
026

row sum: 4,14,8
column sum: 10,6,10

0 Z—D8LDT, (3,6) B A »5 7 FIBEKRL .

*/

A=[[O’O’O)1!1’1! O)O]’
[O’O,O’O’O,O’ 1’1],
[1,0,0,1,0,0, 0,01,
[0,1,0,0,1,0, 1,01,

(0,0,1,0,0,1, 0,11];
B=[14,8,10,6,10];
hgm_ahg_expected_values_contiguity(A,B,[1,1/2,1/3,1,1/5,1/7,1,1],
[x1,x2,x3,x4,x5,x6,x7,x8] |geometric=1) ;

-

[14449864949304/9556267369631,

10262588586540/9556267369631, 13512615942680/9556267369631,
81112808747006/9556267369631,

21816297744346/9556267369631, 30858636683482/9556267369631,
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25258717886900/9556267369631,51191421070148/9556267369631]
3x 3 HE|IZEK.
/*
tOF—4%T 0 & 1 ICEH.
211
833
126

row sum: 4,14,9
column sum: 11,6,10

*/

A=[[0,0,0,1,1,1,0,0,0],
[0,0,0,0,0,0,1,1,17,
[1,0,0,1,0,0,1,0,0],
[0,1,0,0,1,0,0,1,0],
[0,0,1,0,0,1,0,0,11];

B=[14,9,11,6,10];
hgm_ahg_expected_values_contiguity(A,B,[1,1/2,1/3,1,1/5,1/7,1,1,1],
[x1,x2,x3,x4,x5,x6,x7,x8] |geometric=1) ;

// BREE, &. x9 AFELTVWARLVDT, 9 ZHEOHFEIFH AL TAL.
[207017568232262040/147000422096729819 ,
163140751505489940/147000422096729819, 217843368649167296/147000422096729819,

1185482401011137878/147000422096729819,
358095302885438604/147000422096729819,514428205457640984/147000422096729819,
224504673820628091/147000422096729819,360766478189450370/147000422096729819]

/! Z ®PEFDWDDETEIE hgm_ahg_contiguity BEEABIRID, ThoEFHA v
Y—7x—R&k
/] EEEBVWTRWL.

it Section 2.1.5 [gtt_ekn.setup], p. 8, Section 2.1.2 [gtt_ekn.nc|, p. 4,

o

ChangeLog
o ZH%3ZF7-7 71 )V OpenXM /src/asir-contrib/packages/src/gtt_ekn.rr 1.1.

2.1.5 gtt_ekn.setup

gtt_ekn.setup()
n HGEHREHOEREHRE 2B IS . BIEOREEZ IMET5.

return
o [T BHT UL AL FZHOME, T/NDFEHERRTS. EiTNTVWRWEEITZDE
% RIR.
o ZDN\YT =Y TDHNEGRIZERD cpu 2 B U 7-FHABTETFINEZ 2 2E
W5,
e option nps (¥ 721X number_of_processes)% 525 L IEEL 72 H7Z I T uw A2 HET 5.
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e option nprm (¥ 7z 1 number_of_primes)% 5-Z % & nprm N X FH DG EHRES iz
FHI)AND T 74NV EGEAAD. nprm D HRE DL X 512 option minp (minp
=MINimum Prime)% 52 % & minp &0 K& 72 FEE0% nprm (FERT 5. £ DX option
fop (F 7213 file_of_generated_primes)% 5-2 % & U 7RI A2 771 V4% fgp &
UTRFET 5.

o EFID option ZEEL R 2B IRDT 74 NV MEFHWS NS, nps=1. nprm=10.
fgp=0.

e option report=1% 5.2 5 L BIfEDERBEDOIME DA% (TS . setup(lreport=1)DH|£ L L
T report B Z T2 HTES.

e option subprogs=[filel file2,...] IZ&V FEEFHO FH-To LA IZO—RIRET 7L
filel, file2, ... Z#HET 5. default & subprogs=["gtt_ekn/childprocess.rr"| TH 5.

e gtt_ekn.set_debug_mode(Mode) T Ekn_debug Dffi% i%ET 5.

Hil: FEDY AR LKL TT 71 ptxt ~NHEHT.
gtt_ekn.setup(|nps=2,nprm=20,minp=10"10,fgp="p.txt")$
i Section 2.1.2 [gtt_ekn.nc], p. 4, Section 2.1.1 [gtt_ekn.gmvector], p. 2,

ChangeLog

o BH % %) 727 7 A ViE OpenXM/src/asir-contrib/packages/src/gtt_ekn.rr 1.1,
gtt_ekn/g_mat_fac.rr

2.1.6 gtt_ekn.upAlpha

gtt_ekn.upAlpha(i,k,n)

ia.i% a_i+] &I 3 contiguity relation.
k E(k+1,n+k+2)BA DFBAEFAIBEED k. DEIFRTIE (k+1)(n+1).
n E(k+1,n+k+2)BADFBEAIBEED n. DEIRTIE (k+1)(n+1).
return contiguity relation O pfaffian_basis IZDWTDITHRIREZRY. [GM2016] D Cor
6.3.
e upAlpha i [GM2016] ® Cor 6.3 D174 Ui Z K.

o M9 5 KBMOMIRLFAHE FIEINZ 5.

o ai% ail &2 I EVEEIEXEE downAlpha & HW5.

o ai &EIRDEIMZ R51Z1%, BA% marginaltoAlpha([{7H1,FIHI]) Z 5.
e pfaffian_basis IZ[GM2016] D4 FEDRZ NV F xRS 2 Mo % KT

Bl DA DBl 22 2 EIFR(E(2,4)), 23 DEIR(E(2,5))DBETHS. [2225] E TR N%Z
&L T3,
[2221] gtt_ekn.marginaltoAlpha([[1,4],[2,3]11);
[[a_0,-4]1,[a_1,-1],[a_2,3],[a_3,2]]
[2222] gtt_ekn.upAlpha(1l,1,1); // E(2,4) @ a_1 AAD
// contiguity Z*KIZT 5175
[2223] gtt_ekn.upAlpha(2,1,1); // E(2,4) @ a_2 AHA
[2224] gtt_ekn.upAlpha(3,1,1); // E(2,4) @ a_3 A
[2225] function f(x_1_1);
[2232] gtt_ekn.pfaffian_basis(f(x_1_1),1,1);
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[ £f(x_1_1) ]

[ (F1(x_1_1)*x_1_1)/(a_2) ]

[2233] function f(x_1_1,x_1_2);

f() redefined.

[2234] gtt_ekn.pfaffian_basis(f(x_1_1,x_1_2),1,2); // E(2,5), 2x3 DEIR
[ £(x_1_1,x_1_2) ]

[ (£1,0(x_1_1,x_1_2)*x_1_1)/(a_2) ]

[ (fO,1(x_1_1,x_1_2)*x_1_2)/(a_3) ]

SR Section 2.1.2 [gtt_ekn.nc], p. 4, Section 2.1.1 [gtt_ekn.gmvector], p. 2,

ChangeLog
o ZOBEBIX[GM2016] THASLNZT I T XLIZHE contiguity relation ZEH T 5.
o ZR%ZTT-T77 4 I OpenXM /src/asir-contrib/packages/src/gtt ekn /ekn_pfaffian_8.rr
1.1.

2.1.7 gtt_ekn.cmle

gtt_ekn.cmle(u) u #&UHT—49&95&E, P(U=u | row sum, column sum = these
of U) 2 KNIbtTD, BFLIDHEERDELEEKDDS.

u BT —4 (DEIR)
return )L DFEEX (P EIRFN)
o uZBHT—2LFT5HLZ P(U=u | row sum, column sum = these of U) % i KftF
%, BRIV OMERDOELUEE KD D .
e optional parameter T algorithm DRS FE\ (72 & 2 ITEHEZ LEIL T, 5RD OV
WHBREUZ 95, gradient descent O step lF)% FAEE G NE 7208, ZAUIfEZEH. 2017.03.03

fil: 2 x 4 /3EIFK.
U=[[1,1,2,3]’[1,31111]];
gtt_ekn.cmle(U);
[[1123]
[13111],[[7,6],[2,4,3,4]], // Data, row sum, column sum
[ 1 67147/183792 120403/64148 48801/17869 1 // probability obtained.
[11111]]
Bl: _EDHNTIRO BB,

gtt_ekn.cmle_test3();
il Section 2.1.4 [gtt_ekn.expectation], p. 6,

ChangelLog
o gtt_ekn/mle.rr (ZARMKDNH 5.
o gtt_ekn.rr @ cmle %L wrapper.
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3 modular &

3.1 HEFEREMHE itor

3.1.1 gtt_ekn.chinese_itor

gtt_ekn.chinese_itor(data,idlist)
:: mod p TEMALZZHER (T F V)25 chinese remainder theorem, itor(integer
to rational) THEBARI ML21G5.

return [val, n] 2T T val BEA. £/, n = nl*n2*...
data [[vall,nl1],[val2,n2], ..., CTZ T val mod nl = vall, val mod n2 = val2,...
idlist chinese, itor ZE{T$ 5 Y —/NID D) A K.

o HEFEIREHZ T val0 mod nl = vall, val0 mod n2 = val2, ... £725 val0 Z3K&
5. val IZ algorithm itor Z#H 9 5.

e sqrt(n) &V val0 2AREWIKHZ itor 2YEHI T valo 2V HE val=a/b IZEHI NS .
DFD b*x =1l mod n &5 x #EZ T, x*a % n=val) RS val 2] R9. AD
MOIRNE T failure Z R T

Bl: [31, 5°3%31=[6,750] 2K D fl. 6 mod 109 =6, 750 mod 109=96 S & ¥l D Al ¥
D[[6,96],109]. LA Ak
gtt_ekn.setup(|nps=2,nprm=3,minp=101,fgp="p_small.txt");
SS=gtt_ekn.get_svalue();

Ss[o];

[103,107,109] // list of primes
SS[1];

[0,2] // list of server ID’s

gtt_ekn.chinese_itor([[[ 6,96 1,109],[[ 6,29 1,103],[[ 6,1 1,107]1]1,8S[1]);
[[ 6 750 1,1201289]

/! BIBIEAAZ—THLL,
gtt_ekn.chinese_itor([[96,109],[29,103]],SS[1]);
[[ 750 1,11227]
#l: gtt_ekn/childprocess.rr (server THEATE 115) D BA%X chinese (chinese remainder
theorem) & euclid.

load("gtt_ekn/childprocess.rr");
chinese([newvect(2,[6,29]),103], [newvect (2, [6,750]),107%109]);
// mod 103 T [6,29], mod (107%109) T [6,750] &70%%% mod 103*(107*109)
// TKOHBE,
[[ 6 750 1,1201289]
euclid(3,103); // mod 103 T® 3 D¥#E. DFY 1/3
-34
3x(-34) 9% 103; // FEDITHE.
1
#i: gtt_ekn/childprocess.rr (server THEITI N15) DAL itor (integer to rational) D
itor(Y,Q,Q2,Idx) TIEY < Q2 &5 Y BZDFFHES. Idx IEHHHD index THFE 2 ITE
W, RO EDHE2 e /5.
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load("gtt_ekn/childprocess.rr");

for (I=1;I<11; I++) print([I,itor(I,11,3,0)1);
[1,[1,01]

[2,[2,0]]

[3,[-2/3,011 //euclid(3,11); —>4, 4*(-2)%11 -> 3 ROTHEMI -2/3 &7t
DO DIEH

[4, [failure,0]]

(5,[-1/2,01]

[6,[1/2,0]]

[7,[-1/3,0]1]

[8, [failure,0]]

[9,[-2,0]]

(10, [-1,0]]
SR Section 2.1.5 [gtt_ekn.setup], p. 8,

ChangeLog
o 77 A )LIX gtt_ekn/g_mat_fac.rr gtt_ekn/childprocess.rr
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