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Abstract

The Markov basis HHB for (n”2-3n)/3 x3x n/3-contingency tables with two fixed dimensional marginal, when n is a
multiple of 3 greater than or equal 6 is found by H.H. Abbas and H.S. Mohammed Hussein in 2014 [3]. In this paper,
Generating a Markov base was done by using the extended performance of the Markov base HHB - elements with
themselves and Finding the perfect context for it. (n*2-3n)/3. Contingency table with Two-dimensional stability from
margins when 1€N. to odd number. Where (n) is (3) multiple larger or equal to (6).
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Introduction

Statistical algebra based math is new days of the
most impressive fields where as factual ideas.
logarithmic ideas meet and lead to superintendent
inquires about. This point was proposed by P.
Diaconis and B. Sturmfels in 1998. Around the same
time. a few papers have been distributed to set a
meaning of Markov basis to fabricate a remarked
Markov succession. This to take tests from a
restrictive likelihood thickness work as for discrete
example space. This reality has demonstrated that
Markov basis is comparable to a lot of binomial
generators of toric ideals. [6].

Afterwards in 2000 M. Dyer. and C. Greenhill has
founded a counting of polynomial-time and
contingency tables of sampling of two-rowed. [5].
Moreover in 2001. A. Dobra has proved that the
only moves that should involve in the Markov basis
are the chains of contingency tables that union
fixed marginal when the set of marginal functions
induces a decomposable graphical model [1].

Further in 2003. S. Aoki and A. Takmura have
introduced 3x3xk contingency tables when there
exists a one of a kind insignificant premise. Induced

this structure comprised of four sorts of crucial
moves.[11]. They have likewise introduced a table
of key moves of one of a kind insignificant Markov
basis of 3x4xk and 4x4xk contingency tables of
fixed bivariate minor functions. [2].

In addition in 2006. A. Takemura. and S. Aoki has
developed a meaning of an invariant Markov basis
related with an associated Markov chain on the
arrangement of contingency tables as for fixed
minimal capacities. They have additionally
demonstrated determination of some significant
properties of mindset that have introduced a
fundamental and adequate state of the
extraordinary insignificant invariant Markov basis.
However the suspicion of invariance. [9].

In 2014. H.H. Abbas and H.S. Mohammed Hussein

found a Markov basis HHB and toric goals for
n?-3n

X 3 xg - contingency tables with fixed two

dimensional peripheral. n is a various of 3 more
noteworthy than or equivalent 6. They gave
another model of stage the bits of nucleotides in
adjusted DNA succession and the activity of the
biggest subgroups of the Dihedral bunch on these
contingency tables [3].
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An expansion of Markov basis and toric perfect
have been caves appraised by H.H. Abbas and
M.W.A. need in 2016 for contingency tables with
two invariant bivariate negligible capacities when n
is even number more prominent than or equivalent
to 4.

In this paper, the elements of the Markov basis

HHB are used to find a Markov basis and toric
n?-3n

l
ideals for x 3! x % - contingency tables [4].

Basic Concepts

In this Section, we will present some statistical
concepts, kronecker product, contingency tables,
moves and Markov basis that we will use in our
work.

Definition 2.1. [7] The kroecker product of the
matrixes A,, and B,,, is denoted by AQB is a

pm X gn matrix defined by:

a1 B a,,B
A®B = :
a,1B a,4B
Definition 2.2. [8] Let I be a finite set of n = |I|
elements, we call an element I a cell and denoted
by i € .i is often multi-index i =i -+ i,,. A non-
negative integer x; EN ={1.2.--- } denotes the
frequency of a cell i.

The set of frequencies is called a contingency table
and denoted as x = { x; };c;. With an appropriate
ordering of the cell. We treat a contingency table
x ={x; }ie € N" as an #n-dimensional a column
vector of non-negative integers. Note that a can also
be considered as a function from I to N defined as
i — X;.

Remark 2.3. [8] The L;-norm of x € N™ is called
the sample size and denoted as |x| = ),;¢; ;. The
set of integer numbers is denoted by Z, also is
aj €Z",j=1,..,v, is denoted as fixed column
vectors consisting of integers. v-dimantional
column vector t = (ty,...,t,) € Z' as tj = a]fx,j =
1,...,v. Here ' denotes the transpose of a vector or
matrix. A v X p matrix A, with its j-row being a]f is

’

a;
,and if t = Ax is v-dimensional

’

ay
column vector, the set Tis defined by =
{t:t = Ax,x € N"} = AN™ c ZY, where N is the set
of natural numbers.

defined by A =

In typical situations of a statistical theory, t is
sufficient statistic for the nuisance parameter. The
set of «'s for a given t, A71[t] = {x € N*: Ax =
t} (t-fibers), is considered for performing similar
tests, for the case of the independence model of
two-way contingency tables, for example, t is the
row sums and column sums of x, and A™1[¢] is the
set of x's with the same row sums and column sums
to t. The set of t-fibers gives a decomposition of
N™. An important observation is that t-fiber
depends on given only through its kernel, ker (4).

For different A's with the same kernel, the set of t-
fibers are the same. In fact, if relation is defined on
A~1[t] by X ~%, & x, — %, € ker(4). This
relation is an equivalence relation and N" is
partitioned into disjoint equivalence classes. The
set of t-fibers is simply the set of these equivalence
classes. Furthermore, t may be considered as labels
of these equivalence classes.

Definition 2.4. [8]: n-dimensional column vector
of integers z = {z;};c; € Z" is called a move if it is
in the kernel of 4, i.e., Az = 0.

Definition 2.5. [2] Let A7 1[t] = {x e N": Ax = t}.
A set of finite moves B is called a Markov basis if for
all t, A~1[t] constitutes one B equivalence class.

Definition 2.6. [2] Let B € M 4 be the set of moves
and let x;,x, € A"[t]. The move =x,is said
accessible from x4 by B if there exists a sequance of
moves Zz;,..,Zs€B and &, €{-1,1}, m=
1,..,D, such that x, =2, + Y0 _ &, z,, x;+
S @z, EATLt] for1 < h <D.

Definition 2.7. [10] Let A:Z" — Z% be a linear

transformation, the toric ideal I4is the ideal
<PY—PV:u,v e N, A(u) = A(v) >C<
K[P;, ..., P,| where P¥ = P,"“1P,"2 . p,¥r and

K[Pl, ...,Pp] the ring of polynomials generated by
the polynomial variablesP;, ..., Byover the field K.

Theorem (Diaconis - Sturmfels 1998) 2.8. [10] A
collection of binomials {pz+ —p? :z€ B} cly is
generating set of toric ideal 1, if and only if + B is
a Markov basis for A.

In particular, if every toric ideal has a finite
generating set of binomials, a Markov basis exists.

Remark 2.9. [3]: Let n be a multiple of 3 such that
n>6, and let x€ AMt], j=1,..,k be the
representative elements of the set of 3 X
g—contingency tables and HHB = {z,,z,, ..., z;}
such that each z,, m=1,2,..1, is a matrix of
dimension 3 xg either has two columns
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(1,-1,0),(-1,1,0) ( (1,0,-1),(~=1,0,1)" or
either (0,1, —1)/, (0,—1, 1),) and the other columns
are zero denoted by +z,, or it has two columns
(-1,1,0),(1,-1,0)  ((-1,0,1),(1,0,—1)"  or
(0,-1, 1)', (0,1,—1)’ ) and the other columns are
zero denoted by —z,,, like

1 -1 0 1 -1 0 0 0 O
-1 1 0 (0 0 O}, 1 -1 0

0 0 O -1 0

1 0 1 1
-1 1 0 -1 1 0 0 0 O
1 =1 0], 0 0 of,]-1 1 0].
0 0 O 1 -1 0 1 -1 0

Also, we can write all elements of HHB as one-
dimensional column vector as follows:

Zy, = (24, ...,zn),,m =1,..,k andz; = lor—
1 or 0 suchthatifj =1,2, ,g then

n

1 ifz].+§ + Z].+2?n =—land}}  z; = -1

i#j
n
z; =1 -1 ifz].+g+z].+z_n = land}’®  z; =1
3 3 i%j
n
0 ifZ].+3+Z].+2_n=0and Xi.z=0
\ 3 3 i#j
. n n 2n
If]—§+ 1,§+2,...,?then
Zj=
( 2n
. _ 3 P
1 lfzj_§+zj+g— 1and2i=§+1zl 1

i#j
2_n
7 — 3 —
1 lfzf—§+zi+§ 1and2i=2+1zl 1 )
3
i#j
2n

. _ 3 L
0 if zj_g +Zj+§ =0and Zi%ﬂzl 0

i#j
Ifj =2+1,2+2,..,n then
Zj =
[ = — n L= —
(1 lej_z?n-FZj_g = 1and2i=2?n+1zl 1
i#j
. _ n =
< -1 lej_z?n-l-Zj_g = 1and2i=§+lzl—1
i#j
. _ n L —
0 lej_z?n-}-Zj_g—Oand Zizgﬂzl—o
\ i#]

Theorem 2.10. [3] The number of elements in

2_
HHB equal to = 33n.

Theorem 2.11. [3] The set HHB = {z4, ..., Z,2_3,}

3
is a set of moves.

Corollary 2.12. [3] The set HHB of moves is a
Markov basis.

Corollary 2.13.
n?-3n
3

[3] The toric ideal
X 3 X% - contingency tables are [y =<
Pist Pisk — Piat Prsis 1,j = 1,2, g and Lk =
03,2, <j, In© C[Py, Py ..., By], where C is the
field of complex numbers.

I, for

A Markov Basis Generated by Tensor Product
Elements of HHB

In this section, We will generate the Markov
2_

basis HHB for 2"

with fixed two—dimensional marginals to find the

X 3 X g — contingency tables

2_
generate of Markov basis HHB for % x 3t x

l
% — contingency tables with fixed two-dimensional

marginals where n is a multiple of 3 or greater than
or equal 6.

Definition 3.1. Let z; € HHB,l € N, [ is an odd
l

number and ® z; = z2;Q02;Q2; ...Qz; V1 <i <

l-times

The

i=1
n?-3n
3

set

l
® 7 ! ! !

HHB'™' =! @2z, ® 23, ..., ® Z,2_,,

i=1 i=1 3

:ZiE

i=1

HHB ; is called a

Markov basis generated by Tensor product

elements of HHB. It is clear that the number of
l

® zj

} 2
elements in HHB'"!

n“-3n
3 .

Example 3.2.

If n=9 then by Theorem 2.2 the number of
n?-3n _ 18

elements in HHB is
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1{-1] 0O
Z, = 1| 10
0] 0] 0
0 0
1 -1
Zy = -1 1
0 0|0
0 1]-1
Z:{ =
0 -1 11
-1 1 0
10 =110 0
0 0 0
0 0 0
213 — -]. 0 ].
1 0| -1
0 0
216 _
0 -1 1
0 1 -1

0 0 0
2y = 1| -1 o
-1 1 0
0 1 -1
0 -1 1
yE5 =1 0 0 0
1] -1] 0
o] 0] o
:28
1] 1] o
0] 0] 0
T T o
1]-1] 0
ol -1 1
14 T 1
ol 0] o
1] 1] o
o EBT= T T o
1] -1 o

Iflis an odd number,l =3, ® z; = z;®2z;Qz;

i=1

1 0] -1
J'ZB —
0 0 0
-1 0 1
0 1 -1
0 |0 0
J'ZG —
0 -1 1
1T 0] 1
zg=| 1| O] 1
ol ol o
1 To] 1
P12 T o T o
1 o] 1
ol 1] 1
15 o T o [ o
ol 1] 1
170 1
e e R
ol 0 | 0
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1|-1(0(-1|1 {0|0|0|O(-1({1 |O|1 |-1|0|0O(0O|0O|0O|0O|0O|O|O(O|O|O]|O
0(01(0|0 |0 ]|0O|O|lO|lO(O |O |O|O |O|O|O|O|0O|0O|0O|O|O|O(O|0O]|0O]|O
1|-1(/0(-1|1 {0|0|0|O(-1({1 |O|1 |-1|O|0O(0O|0O|0O|0O|O|O|O(O|O|O]|O
-1 10| 1|-1|0|0|0O(O| 1|-1|0|-1| 1({0({0|0|0|0O|O|O|O|O|O|O|O0]|0
0(0(0|0O |0 ]|O|O|lOflO(O |O |O|O |O |OfO|O|O|O|O|O|O|O(O|O|O]|O
0(0(0|0O |0 ]|O|O|lO|lO(O |0 |0|O |O|O[O|O|O|0O|0O|O|O|O(0O|0O]|0O]|O0O
0(0(0|0O |0 ]|0O|O|lO|lO(O |0 |0|O |O|O[O|O|O|0O|0O|O|O|O(O|0O]|0O]|O0O
0(01(0|0O |0 ]|0O|O|lO|O(O |O |O|O |O|O[O|O|0O|O|0O|O|O|O(0O|0O]|0O]|O0O
0(0(0|0O |0 ]|0O|O|lO|lO(O |O |O|O |O|OfO|O|0O|O|0O|O|O|O(0O|0O]|0O]|O0O
0(0(0|0O |0 ]|O|O|lO|O(O |O |O|O |O |OfO|O|O|O|O|O|O|O(O|O|O]|O
0(0(0|0O |0 ]|0O|O|lO|lO(O |0 |0|O |O|O[O|O|O|0O|0O|O|O|OfO|0O]|0O]|O0O
0(0(0|0 |0 ]|0O|O|lO|lO(O |0 |0|O |O|O[O|O|O|0O|0O|O|O|O(0O|0O]|0O]|O0O
0(0(0|0O |0 ]|0O|O|lO|O(O |0 |0|O |O|O|O|O|O|0O|0O|O|O|O(0O|0O]|0O]|O0O
0(01(0|0O |0 ]|0O|O|lO|lO(O |O |O|O |O|O[O|O|0O|O|0O|O|O|O(0O|0O]|0O]|O0O
0(0(0|0O |0 ]|O|O|lOfO(O |O |O|O |O |OfO|O|O|O|O|O|O|O(O|O|O]|O
0(0(0|0O |0 ]|0O|O|lO|lO(O |0 |0|O |O|O[O|O|O|0O|0O|O|O|OfO|0O]|0O]|O0O
0|0 (0|0 |0 (O|O|O|O|O |O |O|lO |O|O|O|O|O|O|O|O|O|O|O|O]|O]|O
11(-1/0(-1|1|0|/0|0|0O(-1/1 |0|1 |-1|0({0|0|0|0|0O|0O(0|0|0]|0|0O]|0O
-1{1 {01 |-1(0(0{0|0O|1 |-1|0O|-1|/1 |0|0|0O|O|O|O|O|O[{O|0O|0O]|O]|O
0(0(0|0O |0 ]|O|O|lO|lO(O |O |O|O (O |OfO|O|O|O|O|O|O|O(O|O|O]|O
-1/1 {01 |-1(0(0|0|0O|1 |-1|0O|-1|{1 |0|0|0|O|O|O|O(0O[{0|0|0|0]|O
11(-1/0(-1(1 |0|/0|0|0O(-1/1 |0|1 |-1|0({0|0|0|0|O|O(0O|0|0]|0|O]|0O
0|0|0|0 |0 (0O|O|O|O|O |O |O|O |O|O|O|O|O|O|O|O|O|O|O|O]|0O]|O
0|0|0|0 |0 |0O|O|O|O|O |O |O|O |O|O|O|O|O|O|O|O|O|O|O|O]|0O]|O
0(0(0|0O |0 ]|0O|O|lO|lO(O |O |O|O |O|O|O|O|0O|0O|0O|O|O|O(0O|0O]|0O]|O0O
0(0(0|0O |0 ]|O|O|lO|lO(O |O |O|O (O |OfO|O|O|O|O|O|O|O(O|O|O]|O
-1(1 |0|1 |-1{0(0|0|0O|1 |-1{0(-1|1 |0|0O|O|O|O|O|O|O|O|O|0O|0O]|O
11(-1/0(-1(1 |0|/0|0|0O(-1/1 |0|1 |-1|0(0|0|0|0|O|O(0O|0|0]|0|O]|0O
0|0|0|0 |0 (0O|O|O|O|O |O |O|O |O|O|O|O|O|O|O|O|O|O|O|O]|0O]O
1|-1(/0(-1|/1 {0|0|0|O(-1{1 |O|1 |-1|O0(0O(0O|0O|0O|0O|O|O|OfO|O|O]|O
-1{1/0| 1|-1|0|0|0O(O| 1|-1|0|-1| 1|{0(0|0|0|0O|0O|O|O|O|O|O|O0]|0
: . _mn?%-3n
each ® z; =2z;,0z;Qz;..Qz; ,1SLST and
Therefore i=1 I-times
l . n%-3n) . . . . nl
B i€ {1,2, . } is a matrix of dimension 3! X —
® z; = 3
i=1 ® z;
! ! Also, we can write all elements of HHB'=! as one
Similarly, ® z3, .., ® Z18 - dimensional column vector as follows:
i=1 i=1 z; = (z..2z1), i=12,...k,and z; =1lor—1or0,
j=1, .., nk
Remark 3.3.

i. Let n be a multiple of 3 such that n = 6 and let

x EA ~1[t], be the representative elements of the
l

set 3! x % — contingency tables, where [ is an odd

number and
l
® l 1 l

HHB'™' =! @2z, ® 23,.., @ Z,2_,,

i=1 i=1

so that

i=1

ii. Given a contingency table x = (x; ,x3,... ,.x,;1)",
the entry of the matrix 4 in the column indexed by
X1 ,%3, ... ,X,1 respectively and its rows indexed by

2TLl

T l
3 n
Zizlxi ,Z . X ,Z'_an_‘- Xi X1 + xnl+1 +
l=?+1 1= 3l 3l
Xyt Tt ox ;| Xoptx +x,0 e+
St n—rtl 3l 30
3 3 3 3
| 2nl z,xn_z+x2_nz+xnz + -+ X,
T 3l 3l

respectively, where [ is an odd number. The entry
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in the column'lndexed by x; in the rpatnx,. A. will be S, =b, (22 +zn,, + Zz_n+2) = by N0,
equal to one, if x; appears in the index of its row, 3 3
and otherwise, it will be zero. Then

r1 1.1 10 0..0 0 O 0..0 07
HE SO0 S S S SO S A T Ycn=bn <23 +2zn o + Zz_n+3> =bn) Cn
bo]o 0.0 01 14110 0.0 0 303 3 3 303
An:l’ 0 0.0 00 0..0 0 1 1..1 1
1 0.0 01 0..0 01 0..0 O
0 1..0 00 1..0 0 0 1..0 O \
T S N T S S SO S chl n:bnl n(Zl+Zﬂ+1+Zz_n+1>:bnl nZC1
SRS SOV S T S SO T S N RS nl n n_n 5 n_n
0 0.0 10 0.0 1 0 0.0 Tl sl3 sl3 : sl 3
l _ _
Whlere the number of 1s from row 1 to the row 3 Y, n . = b, - (21 +zn , + 22n+1> =
is~ st 3 st 37
3l b , Cy
. . -5 +1
iii. We will denote by Y. 7; the sum the ith row of 3 3
1 .
® zj
Ti=1 . l \
z, v 11S i <3% Yci the sum of the kth Ycu=b, (21 +zn,, + Zz_n+1)= b ¢,
® 7 ELY 3 8 3 3l
- [
columnofzl™ v 1<k<Z -2 Y7 the sum of — — \
) v 3l 3 ) J > Ck+§—1 = bk+g_1 Zg +ZzZm+z,| = bk+§—12 Cn»
the jth row of z; 3

V1<j<3and}c, thesum of the hth column of where
n

z;V 1<h< > aq, Az, A3, ..., g1, by, by, b3, ..., biare constants.
3l
Theortlam 3.4. The set By Theorem (1.5.3) z; is a move. It implies that
. l l l \ \ N \ \ \
T-iZl . ATy =XTp =XT3 =XC =Xl =Y l="=
HHB = = ® er ® ZZ! Ty ® Zn2—3n Is a set 262 =0.
i=1 i=1 i=1 3 :
of moves, It follows that ¥ 7y= X 15= X13= .. = X1 =Y ¢ =
. ¢ =)c3=-+= 2cyu =0.Thus
Where [ is an odd number. Xcz=XCs X =
Proof: Z ry
! ! 101
® zj ® z; Z ry 0
Let z, €HHB'™ = (z;..z,;)" and 0
: >
_ ~ N ’ _ N N
z; =(Zy . 2y ) . Then Zrl—aIZ;zlz]—aIZrl :
= l l O
Xr, =ap 2.3_3+1 i] = a;)r ® z ® z; Zr3z 0
e ti=1 li=1 0
— n s N A VA% = = 0
XT3 =0az) Z]—a321’3 c1
j=5+1 0
2l |
n
— 3 > N .
ZT31 =dasi_, Zj=1Z] =das_, Z rq Z C3 :
2 0
_ 3 \ N 0
Z r3l_1 = a3l_1 Z]‘=§+1 Z]—a3l_1 Z I'2 Z _O_Tl.l+321><
C.1 3l
n \ N n_
2Ty =ag Zj=2_n+1Z] = ay ) r3and i 31
3
l
xcp = b1<Z1 +2zn +Zz_n+1) =b XY ¢ Tiflzi .
3 3 Hence z, is a move. Therefore, the set
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l
® zj

HHB'"! is a set of moves We can find
tables

n?-3n

contingency X1, X2, ey Xp2_3p 1 in

3
[ +1
A™™  [t] (each of them 3'*1 x :z+1

- contingency
zml
table) from the elements of the set HHB'™ =

1 1 L

z Zm z

{z; " ...,212_311}, where x; = x;_, + 2z, ", for all
3

l

, n?-3n o
(=12, ., 5~ —1and %) = Zp2gn_ + 2,20,
3 3
Corollary 3.6
The set of moves
l
® 7 L ! :
HHB'™ ={ ®21, Q23 ., ®Z,2.5,( is a
i=1 i=1 i=1 ’
Markov basis.
Proof:
l
® zj

By Theorem (2.2.4), the set HHB'™" is a set of
moves.

Now, Let x;, x; € A~ [t] , such that > i . By Remark
1

(2.2.5) ,we get x; = x; + Z£=i+1( ® z;),. It follows

i=1
1 L
that x; —x; = Y4_;,,( ® 2;)s. Since (® z;); is a
i=1 i=1
move, we have
L 1
(® z;)s € ker(4). It implies that¥l_,.,( ® z;)s €
i=1 i=1
1 1
® z; ® zj
ker A"™=" |. That means x; — x; € ker(A"™" ).
. -1
® zj
By Remark (1.4.4), x;~x;. Hence A" [t]

l

® zj
constitutes one HHB''=* equivalent class for all t.
From Definition (1.4.6), we have the set

l
® zj

HHB'™" is a Markov basis. Now, we will find the
toric ideals using Markov basis generated of HHB

2_3 l
for " x 3! x n—l - contingency tables.
3
Corollary 3.7
. 2-3 L
The toric ideal [ for %x 3t x% -
® z;
AT i=1
contingency tables are
I =
® zj
AT i=1
(PitrPjrk - Pt Piak = PjsrPiri - PprrPivk
. n! nt 2nl ; 2nt
’L,j=1,2,...,;) and L,K=0,?,?,...,TL —?,
suchthat4 <jand!l [ ((3[-7’1.7)2. ...,?nz].
® zj
AT i=1
Proof:
l
® zj

Since HHB'™"' is a Markov basis for A and by
1

+®Zi

Theorem (1.4.9) the set of binomials {? =1 —

\

C C[?l,?z, ...,?nl]

! !
-®z ® 7
P =t : @ z; € HHB'™

i=1

Then the toric ideal is the ideal

I =
® z;
ATi=1
(Pir1Pisk - PiriPirk = PjarPivk - PjerPivk
l l l
.. n AN 2n l
1,4 =1,2, ...,;) and LK = 0,5,?, e, —

2nt ..
=L such that 4 <j.
3l

Example 3.8: Consider the Markov basis in
Example 3.2 and the following 9 X 9 contingency
table:
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=
Lad
L]

37
36
34
42
38
37
37
33
38
36
39
38
38
40
38
34
36
35
39
35
37
37
42
36
39
49
111030

B N el Lol Ll L

[ | D = = | = e = | = e = = |l = | D = | = D e = | e | e | e

= e = | = B | e | = | e ld | B | | B | Ll [P = | = B = = | e [ B | = | B | | =

ot | == = | = |l | o | == | o = == | o | b o = == | o = o = | o | P | | == | = [ [ | = | 2
bt Pt e | ld |t | |t | Ll | | =t | = e = e | = |l | | Ll | e | | | L | L | e | et | =
[l e el I e e el I el e [ S AR e [t ISl [t i oS e e O el St e Bt Il LR ) ]
Pt | ks | et |t | Pl | et | et |t |t | et | g | bt |t |t | ot | gt | gt | L | b | ot | Ll | et | ot | et | et | et | 3

=

Ld =t [t |t | | bl |t et | [ [t =t | = | =t = = | = | e = = = | e |l = = = = | e |
Lad | b [P | b= | b= b= = | | = = = = | = = | e | | P = | = = D = = = | D | = | = | —
Lad [P | b= | b= | =t =t | = | = | [ | = | =t | = | = | = | lad | b= | b= | | = | = | lad [ = | = | = | = | | = | —
Lad | P | = | et | = = | = | | = = |2 = | = = = |2 |2 = = = = = = e | = | = | = | =
Ll = | | i | b=t | = | = | i |t |t |t | b | | Lad |t | b | | |t | b | | | = | = | Lad | e | =

Ll |l | et | gt | P | et | et | et | L | gt | gt | gt | P | b | ot | ot | gt | LD | b |t | P | et | et | b | gt | et | e | et
L | [t et [ o |t =t | b | b [t et | = | L | = =t | = |l = = = | = = | | [ = | = | = | =
_Ih. [ LI Y C T I I T I B T e e i el e el S I S SR Y ST BT I TR I R I O T _lh.

Lad e | = | b= | Lo b= b= | | = = = | = | = = | |l | — | = || = | = = | [ | = | = | — | a2

Lad | | b=t | b=t | b=t | b=t || | b=t | b= | | == | b= | = | | | = | = | | | | b=t | | =t | = | b= | L | =t | =

Ll | B bt | | bt | | | | e | e |t | P | | | | b | | | | o | | | e | | | b |

| o]

[ TS Y CT S I E e T [ T S R L T Y ST IS R T R BT [ T I I e R e e e T el el L I ]

g |l a2 == == = = = | = = = = [ = = = = = = s |

Lad | | bt | bt | Lad | b=t b= |t | [ |t |t | | b | | | | — | | — | | | = |t | Ll | = | = | [ | —

g = | [ | = | | [ = o = = = | D = = = = | = | = [ D = | = | = = | e |

oS iy T I e e PSR R o I T [ RO P e e R e R e I I I RS e e e e el L

L |l [ [ [ | =t |t |t | et [t b | = | P = =t = | e = = = | = = |l | 0 [ = | = | = | =

a1 |lad = | o = = = = = [ = = = = a = bl = = = = = | = | = = | —

Lad | had | | b=t | b—t | bt | b2 ||t | == | == | | = = | = | — | | | | L | = |t | = | = | [ | = | [

pad |2 = 2 |2 = | = = = 2 = = = = = e = | = = = e | = | = | =

faa |haa | | = [ = = = [ = = = e = = | | = = = = | = = |

48

=N
Lad
.
e

7|39

e
Lad

8136(38

=N
=

8 841

ey
Lad
J=

5

Then the table of marginal and joint probability is:
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 04

38 29 19 19 29 09 19 09 09 19 09 09 09 09 19 09 19 38 19 09 09 09 19 29 09 09 38 85

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 09 09 09 09 09 19 09 09 29 09 09 09 09 19 19 29 09 09 19 09 09 09 09 19 09 09 59

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
29 09 19 19 09 09 09 09 09 09 09 19 09 09 09 09 09 09 09 29 09 29 09 09 09 09 09 49
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 19 09 09 09 29 09 19 09 09 09 09 09 19 09 09 09 09 09 09 09 09 09 09 09 09 19 3

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 04
09 09 09 09 19 29 09 09 38 09 19 09 19 09 09 29 09 19 09 09 19 09 09 19 09 19 19 07

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 19 29 09 09 09 09 09 19 09 09 09 29 29 09 09 09 09 09 19 09 09 09 09 09 19 09 68

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 29 19 09 09 09 29 09 09 09 09 09 09 09 19 09 09 09 09 09 09 19 29 09 09 09 09 59
0 0 0 0 0 0 0 0 0 0 0 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 09 19 29 09 09 19 19 09 19 09 29 09 09 09 09 09 09 19 09 09 09 09 09 19 09 09 59

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 09 09 09 19 29 09 09 09 09 09 09 09 09 09 19 19 09 09 09 09 09 09 09 09 09 19 2

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 09 19 09 09 09 09 09 09 38 09 09 09 19 29 09 19 09 09 09 09 09 29 09 09 09 09 68
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0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 19 09 09 19 29 09 09 09 09 19 19 09 09 09 09 09 09 09 09 09 09 09 09 29 09 19 49

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. . A A A . . A A A A A A A A A . .
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
29 09 19 09 09 09 38 19 09 09 09 09 19 19 09 09 09 19 09 09 09 09 09 09 09 29 09 78

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 09 09 09 19 19 09 09 19 09 29 09 09 09 09 09 09 19 29 09 09 09 09 29 09 09 19 68

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 19 09 19 09 09 09 38 09 09 09 29 09 09 09 19 09 09 09 29 09 19 09 09 09 09 09 68

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. . . A . . A 5 A A 5 5 5 A A A . .
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 29 19 09 09 19 09 09 09 29 09 09 09 19 19 09 38 09 09 09 09 19 09 09 09 09 09 88

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. . A A . . A 5 A A 5 5 5 A A A . .
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 19 29 09 09 09 09 09 19 29 09 09 19 09 09 09 09 09 09 09 19 09 09 09 19 29 09 68

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 09 19 19 09 09 09 09 09 09 09 09 09 29 09 09 09 09 19 09 09 09 19 09 09 09 09 3

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 19 09 09 19 09 09 09 09 09 19 09 29 09 09 09 19 19 09 09 19 09 09 09 09 09 19 49

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. . . A . . A 5 A A 5 5 5 A A A . .
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 29 09 19 09 09 09 09 09 09 09 09 09 09 19 09 09 09 29 09 09 19 09 09 09 09 09 39

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 09 19 09 09 29 19 09 19 09 09 19 09 09 09 19 09 09 19 19 19 09 09 09 29 09 09 78

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 09 09 19 09 09 09 19 09 09 09 09 09 19 09 09 09 19 09 09 09 09 09 19 09 29 19 39

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 5 A A A 5 5 . A A 5 . . A A A . .
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 19 19 09 29 09 09 09 09 19 09 09 09 19 29 09 09 09 19 09 09 19 09 09 09 09 09 59

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
19 19 29 09 09 09 29 09 09 09 09 09 09 29 09 09 09 09 09 19 09 09 19 09 09 09 09 59

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 04
09 09 09 09 19 29 09 09 19 09 38 09 09 09 09 29 19 09 09 09 09 09 09 29 19 19 19 07

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 5 A A A 5 5 5 A A 5 . 5 A A A . .
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
29 09 09 09 19 19 09 09 09 09 09 09 19 19 09 09 09 19 09 19 09 09 09 09 09 09 19 49

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 03
09 09 09 09 09 19 09 19 19 09 29 09 19 09 09 09 29 09 19 19 09 09 09 09 09 09 29 78

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 04
38 09 19 29 19 09 09 19 29 19 19 19 29 19 09 09 09 19 09 09 19 09 09 19 29 19 09 75

0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 3 b b b 3 3 3 b b 3 3 3 b b b 3
04 04 04 03 03 04 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 1
66 17 27 59 78 17 68 49 68 88 68 39 68 98 49 39 78 59 59 59 1 3 3 49 59 59 98

From Corollary 3.7, we have
I Tzl_l < P1P5P11P13P29031P37P41P83P85P91P95P109P113P119P121P245P247D253
17 =
P257P271P275P281P283P325P329P335P337P353P355P361P365 — P2P4P10P14P28P32
P38P40P82P86P92P94P110P112P118P122P244P248P254P256P272P274P280P284P326P328
P334P338P352P356P362P364) P352P356P362P364P380P382P388P392P434P436P442P446
Pa60P464P470P472P596P598P604P608P622P626P632P634P676P680P686P688P704P706
P712P716 — P353P355P361P365P379P383P389P391P433P437P443P445P461P463P469
P473P595P599P605P607P623P625P631P635P677P679P685P689P703P707P713P715) P1P9
P21P25P57P61P73P81P165P169P181P189P217P225P237P241P489P493P505P513P541P549
Ps561Ps565P649P657P669P673P705P709P721P729 — P3P7P19P27P55P63P75P79P163P171
P183P187P219P223P235P243P487P495P507P511P543P547P559P567P651P655P667P675
P703P711P723P727, P352P360P372P376P381P385P397P405P435P439P451P459P460
P168P480P484P597P601P613P621 P622P630P642P646P676P684P696P700P705P709P721
P729 — P354P358P370P378P379P387P399P403P433P441P453P457P462P466P478P4as6
Ps595P603P615P619P624P628P640P648P678P682P694P702P703P711P723P727, P14P18P24
P26P42P44P50P54P96P98P104P108P122P126P132P134P258P260P266P270P284P288P294
P296P338P342P348P350P366P368P374P378 — P15P17P23P27P41P45P51P53P95P99P105
P107P123P125P131P135P257P261P267P269P285P287P293P297P339P341P347P351P365
P369P375P377, P14P18P24P26P69P71P77P81P177P179P185P189P230P234P240P242P501
P503P509P513P554P558P564P566P662P666P672P674P717P719P725P729 — P15P17P23
P27P68P72P78P80P176P180P186P188P231P233P239P243P500P504P510P512P555P557P563
Pse7P663P665P671P675P716P720P726P728:P365P369P375P377P393P395P401P405P447
P449P455P459P473P477P483P485P609P611P617P621P635P639P644P648P689P693P699P701
D717P719P725P729 — P366P368P374P378P392P396P402P404P446P450P456P458P474P476
Pag2P486P608P612P618P620P636P638P644P648P690P692P698P702P716P720P726P 728,
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P1Ps5P11P13Ps56P58P64P68P164P166P172P176P217P221P227P229P488P490P496P500P541
P545P551P553P649P653P659P661P704P706P712P716 — P2P4P10P14P55P59P65P67P163
P167P173P175P218P220P226P230P487P491P497P499P542P544P550P554P650P652P658P662
P703P707P713P715:P1P9P21P25P30P34P46P54P84P88P100P108P109P117P129P133P246
D250P262P270P271P279P291P295P325P333P345P349P354P358P370P378 — P3P7P19P27
D28P36P48P52P82P90P102P106P111P115P127P135P244P252P264P268P273P277P289P297
P327P331P343P351P352P360P372P376) P2P4P10P14P28P32P38P40P82P86P92P94P110
DP112P118P122P244P248P254P256P272P274P280P284P326P328P334P338P352P356P362P364
—P1Ps5P11P13P29P31P37P41P83P85P91P95P109P113P119P121P245P247P253P257P271
DP275P281P283P325P329P335:P353P355P361P365P379P383P389P391P433P437P443P445
P161P463P469P473P595P599P605P607P623P625P631P635P677P679P685P689P703P707P713
P715 — P352P356P362P364P380P382P388P392P434P436P442P446P460P464P470P472
P596P598P604P608P622P626P632P634P676P680P686P688P704P706P712P7161 P3P7P19
DP27P55P63P75P79P163P171P183P187P219P223P235P243P487P495P507P511P543P547P559
Ps567P651P655P667P675P703P711P723P727 — P1P9oP21P25P57P61P73P81P165P169P181
DP189P217P225P237P241P489P493P505P513P541P549P561P565P649P657P669P673P705P709
D721P729,P14P18P24P26P69P71P77P81P177P179P185P189P230P234P240P242P501P503
P509P513P554P558P564P566P662P666P672P674P717P719P725P729 — P15P17P23P27
PesP72P78Ps0P176P180P186P188P231P233P239P243P500P504P510P512P555P557P563
Ps67P663P665P671P675P716P720P726P728:P354P358P370P378P379P387P399P403P433
P441P453P457P462P466P478P486P595P603P615P619P624P628P640P648P678P682P694P702
P703P711P723P727 — P352P360P372P376P381P385P397P405P435P439P451P459P460P468
DP480P484P597P601P613P621 P622P630P642P646P676P684P696P700P705P709P721P 729,
P15P17P23P27P41P45P51P53P95P99P105P107P123P125P131P135P257P261P267P269P285
P287P293P297P339P341P347P351P365 P369P375P377 — P14P18P24P26P42P44P50P54P96
PosP104P108P122P126P132P134P258P260P266P270P284P288P294P296P338P342P348P350
P366P368P374P378:P15P17P23P27P68P72P78P80P176P180P186P188P231P233P239P243
Ps00P504P510P512P555 P557P563P567P663P665P671P675P716P720P726P728 — P14P18
P24P26P69P71P77P81P177P179P185P189P230P234P240P242P501P503P509P513P554P558
Ps64P566P662P666P672P674P717P719P725P729:P366P368P374P378P392P396P402P404
DPaa6P450P456P458P474P476P482P486P608P612P618P620P636P638P644P648P690P692P698
P702P716P720P726P728 — P365P369P375P377P393P395P401P405P447P449P455P459P473

P477P483 P485P609P611P617P621P635P639P644P648P689P693P699P701P717P719P725P729
» P2P4P10P14P55P59P65P67P163P167P173P175P218P220P226P230P487P491P497P499
P542P544P550P554P650P652P658P662P703P707P713P715 — P1Ps5P11P13Ps56P58P64Pss
P164P166P172P176P217P221P227P229P488P490P496P500P541P545P551P553P649P653P659
Pe61P704P706P712P7165 P3P7P19P27P28P36P48P52P82 PooP102P106P111P115P127P135
D244P252P264P268P273P277 P289P297P327P331P343P351P352P360P372P376~ P1P9P21
DP25P30P34P46P54P84P88P100P108P109P117P129P133P246P250P262P270P271P279P291
DP295P325P333P345P349P354P358P370P378) P1P5P11P13P29P31P37P41P83P85P91 P95
P109P113P119P121P245P247P253P257P271P275P281P283P325P329P335 — P2P4P10P14
DP28P32P38P40P82P86P92P94P110P112P118P122P244P248P254P256P272P274P280P284

P326P328P334D338P352P356P362P364 =
=< 7.602053969 x 10792 — 9.794501557 x 107°°. 4.355014768 x 10~°1

—1.843086041 x 107°4.4.563532304 x 107°%> — 1.705724021 x 102,
1.406565663 X 107%* — 9.06453427 x 107°%.9.411448544 x 10793 —
5.719922195 x 10725, 9.06453427 x 107%% — 5.381748468 x 1074,
1.958900311 x 10795 — 3.08306073 x 10723, 9.411448544 x 10™23 —
4.039872681 x 10723.8.270912426 x 1079° — 8.214247662 x 107,

9.794501557 x 107%¢ — 7.602053969 x 107°2.1.843086041 x 10~°* —
4355014768 x 107°1. 1.705724021 x 1072 — 4.563532304 x 1075,
9.06453427 x 107°% — 1.406565663 x 1074, 5.719922195 x 1072 —

9.411448544 x 10723.5.381748468 x 107%* — 9.06453427 x 10™%%.
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3.08306073 x 10793 — 1.958900311 x 10795.4.039872681 x 10~%3 —
9.411448544 x 10723, 8.214247662 x 107°% — 8.270912426 x 107°° >

Conclusion

In this paper, the elements of the Markov basis
HHB are used to find a Markov basis and toric

l
ideals for 3! x T;—l — contingency tables. Also, it is to
2

generate contingency tables of dimension

1
3IxL .
3l

References

Dobra A. Markov Bases for Decomposable Graphical Models.
Bernoulli 2001; 9(6): 1- 16.

Takemura A, Aoki S. Some characterizations of minimal
Markov basis for sampling from conditional distributions.
Annals of the Institute of Statistical Mathematics 2003;
56(1): 1-17.

Abbass HH, Hussein HM. On Toric ideals for 3xn/3 -
contingency tables with fixed two dimensional marginals, n
is a multiple of 3. European Journal of Scientific Research
2014; 123(1): 83-98.

Abbass HH, Aneed MW. A new model of genetic algorithm
using extended Markov basis. European Journal of Scientific
Research 2016; 137(4): 431-432.

Dyer M, Greenbhill C. Polynomial-time counting and sampling of
two-rowed contingency tables. Theoretical Computer
Sciences 2000; 246(1 -2): 265-278.

Diaconis P, Sturmfels B. Algebraic algorithms for sampling
from conditional distributions. The Annals of Statistics
1998; 26(1): 363-397.

Bellman R. Introduction to matrix analysis. New York McGraw-
Hill 1960.

Aoki S, Takemura A. The Largest Group of Invariance for
Markov Bases and Toric ideals. journal of Symbolic
Computation 2008; 43(5): 342-358.

Aoki S, Takemura A. Minimal invariant Markov basis for
sampling contingency tables with fixed marginals. Annals of
the Institut of Statistical Mathematics 2006; 60(2): 229-256.

Sullivant S. Toric ideals in Algebraic Statistics. PhD thesis,
university of California, Berkeley 2005: 1-162.

Aoki S, Takemura A. Minimal Basis for Connected Markov
Chain over 3x3xK Contingency Tables with Fixed two-
Dimensional Marginals. Australian and New Zealand Journal
of Statistics 2003; 45(2): 229- 249.

Sharba KS, Alkelaby AS, Sakhil MD, Abass KH, Habubi NF, Chiad
SS. Enhancement of urbach energy and dispersion
parameters of polyvinyl alcohol with Kaolin additive.
NeuroQuantology 2020; 18(3): 66-73.
http://doi.org/10.14704/nq.2020.18.3.NQ20152

Al-Mamoori MHK, Alshrefi SM, Jader M], Kodeary AK.
Structural characteristics, synthesis of novel Ti02/VO (II)
composites thin films decorated with chlorophyllvia
solvothermal-laser dual technique. NeuroQuantology 2020;
18(3): 6-15.
http://doi.org/10.14704/nq.2020.18.3.NQ20144

elSSN 1303-5150 www.neuroquantology.com



