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ABSTRACT 
' liA t-iLc 

'D.. cr uoP

,-,
t

.4.

In this paper, we studied the gm-cH-Dp equarion by using the dynamics of the
poles of it's rational solution in the complex x- plane, in orier to find the rational
solution of gm-cH-DP equation. In this work the results of the MCH , MDp
equations are derived through our work.

INTRODUCTION
The Camassa-Holm equation (CH) of the form
l,l, - 1,1,,, * 3uu r -- 2u, l,l,r *l,ll,l,o ... (1)

was derived as a shallow water wave with surface tension in an
asymptotic expansion that extends one order beyond the Korteweg -
devries (Kdv) equation t8l while the Degasperis - procesi fopl
equation

l,l, - Ll 
",, 

* 4u u, --3u, Ll xx + l,l l,l nr
was originally derived by Degasperis - procesi using the method of
asymptotic integrabiliry* . Both equations (l) and (2) are contained in the
family of equations, [ 6 ]

4, - 4 *, + (a +l)uu .= c2,t, g,, * y4,,,

...(2)

... (3)

Mikhailov and Novikov [ 10 ] developed a powerful extension of
the symmetry classification method, and applied this to the equation (3)
. They found that only the cases a:2,3 could possess infiniiely many
commuting symmetries , and so only these two cases are integrable . In
a recent paper Degasperis et. al constructed a Lax pair of the equation
(2) , and hence proved the integrability of the Degasperis - irocesi
equation

t5l .

Since the cH and DP equaticn have rich structures , wazwaz 12)
suggested a modified form of the Camassa - Holm equation (called
MCH),

l,t, -l,t *, +3Lt' u * :2Lt 
x ll xx + l,l!,1 xn ...(4)
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and a modified form of the Degasperis-Procesi equation (called MDP),

Ll, -1,1,,, + 4u' Ll, -3u,l,n r xr +r,n r,., ... (s)

In I l] , Liang and Jeffrey was obtained two rational types of
solutions to Modified Camassa-Holm equation which are :

(i) u,(x,t)- q
x

(ii) u,(x,t) =+ 1

1x-3r)' 
I

And for Modified Degasperis-Procesi equation were :

(i) u,(x,t) = *
(ii) y,(x,t) =;f5;=-l)(x-4t)

In this paper , we investigated a general form of the MCH and MDP
and study the motion of the poles of their rational solutions . The rest of
this paper is splifted into three sections , in section 2 we illustrate the
soliton solution of the gm-CH-DP equation while in section 3 we
investigate the rational solution and the motion of the poles of the
equation . Finally in section 4 , the conclusions of this work is
presented.

The soliton solution of the (gm-CH-DP) equation :

The general modified Camassa - Holm- Degasperis - Procesi
(gm-CH-DP) equation is of the form I l] :

q,-q *,+(a+l)q' q ,=eq ,q ,,+qq *, . . . (6)

where a is any real number . This equation is used in the study of
shallow water dynamics and is integrable I 2 ) . The solitary wave
solution of this equation first appeared in 2006 . The 1- soliton solution
of (6) is given by l2l

q(x,t)-

where
cosh2B(x- il

-3(a+2)

t

И

１

一
２
〓Ｂ/-

2(a+t)
... (7)

r
e

―

●
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Here A represents the amplitude of the solitons while B is the inverse

width of the soliton and i represents the center position of the soliton
and therefore the velocity of the soliton is given by

d;
t r-_

dt

Using the meromorphic expansion [4 ] :

.zgl
COSech x- L -;--- r(x+inrl

n=-@ \ /
( uniformly convergent except at the point x-intt ) one easily obtains

the following meromorphic expansion for the one - soliton solution of
the general modified Degasperis - procesi camassa - Holm equation :

… (8)

… (9)

… (10)

oo

n-@@@-D+ry+irrJ,2
The motion of the poles of rational solutions :

ヽ

´    、

In this section , we look for a rational solution for gm-CH-DP
equation . By the expression (10) , we take a rational solution of the
form[]:

7('ダ)=|コ Ⅳ ∈Z+ … (11)

where N is the number of poles , we concentrate on the pole x1

X=Xr+6 ,with € > 0 we have different cases :

CaSe(i):If N=1,then we have:

7(χノ)=τ
f讐|キァ=:)   RI≠ 0

9χ =響

∈

g“=等      …的
∈

…(12)

…(13)
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一邦一∈
〓
蒻
２ …(15)

…(16)

…(17)

●
　
　
　
　
　
　
　
●

0=撃 +殉  …0
∈

… (20)

… (21)

象
=∈ 3+繕

?。 =6Jtl(′
)+∠ΣLEL

?、(F  
∈
5  +][}      … 921

a=た2+2墨≦
1」

望立二十α→…2⊃

_ 6Rr(/) ,24R,(t) x{t) , A, G t.,A\-lx.rr 4 ------------5 

-=-^ 

2 ,., \-1 )€€de
where

′
　
　
　
　
　
　
　
　
ｔ
●

7′=尋+塑要
∈   ∈

?コ=写+2441二€e
Substitute the equations (12-17) in equation (6) , we have :

4* ry-6+- 24R,x, - 2(a+t)4= -12a4- 24 E€€€€€€€

Then equating coeflicients of power of 6 to zero , we have :

6(a+2\
R,_ _)__;z- and xr=0 ...(18)

(a+l)
Hence , we exclude the case a : -2,-l .

Case (ii) : If N> 1, thenwe can rewrite q in (ll) as

|

ぐ
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l F(∈ ,′)=とて可百耳1:`:)スァ両F
. Ro(t) zRr(t) xoQ)

G(=.t\_ Y-J-------- e6\
' ?u(xr+€ -xoG))' (r,+6 - xoQ))' 

\--l

For sake of simplicity , we shall expand the functions F , G and their
derivatives with respect to 6 , then substitute (19-2a) in (6) , we have :

撃+聖半 +αtt tσ Cの+響
i  _61:`」L-24Ri(′)χ l(′)_(3〃

(0,′)― cC″ (0,′)―
∂2(フ″(∈ ,′) lc」

05ト

+αど)+(α+1){二2[]笙と-4塁LalFK09′)+ギ (0,の +⊇曇E豊摯2_[⇒:I+6(C3)]

―ザレ0+2くげcの +宅≫ Lデ+αめ]+讐

IF/(0,′

)+∈F〃 (0,′)+⊇
il157主―

 |∈ =0千
十θ(∈
3)]+2RlC)lF(0,′

)十

「ど0製労
主
借Юgfめ ][ノ0+♂c)J弩昇 [。デ+年)]+

ノ0+2CJttQダ o+。2:[ヨ2Lデ→ I FCプけ ⊇望:き:2Lデ鋤
|

+上≧
≒』
典⊆L+2墜
≒]〆
生
[ F″ (0/)+∈ F″ (0,′)+∂

2F″
(c,′ )[=。

ぅ手
+`)(∈
3)]+

響
+:ly≧
[ F″ (0/)+∈ F////(0ダ)+∂

2F″
(c,′)[_。

場卜+αC3)]_

Vol.22,No3,2011

… (25)
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aft F (o,t)*e F'(er) .UP L-fi+e.'; l-ol r(0,rlreF ro,t>*_8ffL 1..,+ (e') 
J

+響 [晨り て畑 +響 Lゴ+嫡 H晨 唯 員明+響 Lゴ +αめ l

?Lデ +αめ][/Otノo+響 Lデ+αめ]
F″ (0,′)+∈プ(0,′)+壁讐塾槽.デ +ο(∈

3)]=0

も

ヽ

… (27)

Then equating coefficients of €" to zero give some information about
the unknowns :

The coefficient fo. €-' leads to :

RI(′)=需 α ≠ -1

F″ (0,′)=ザ F(0,′)(1+F (0,′ ))

Coefflctnt of∈
4 1eadsto F/(o,′

)=0

Let(2:差ラ」L and Substitute F[(0,′)==0
gives that F:=Fζ =Fy=F[=o

So,by this way we getthe solutions:

?(χ ,′)=撃 +F(o,′ )
∈

Which can be written as:

豪功=詈*論

…(30)

θr α =丁

in the remaining coefflcients

… (28)

While the coefflcient fbr∈
~5 giveS the dynanlics ofthe flrst pole:

χi(′)=―(α+1)F(0,′ )      …(29)

and for∈
~3,we have:

…(31)

…(32)
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…(33)

… 需
*赫・

And the dynamical system for the motion of the poles are become :

x,(t) = 0 or x,(t) = (a+l) ...(34)
In this paper, we study the rational solutions and the motion of the
poles of general Modified camassa Holm Degasperis procesi
equation, then we noted the following three important p-oirtr t

First : the rational solution of modified camassa Holm and Degasperis
--procesi equation lr7) are speoial case of rational solution of
gm-CH-DP equation such that :

a. If a-2 , x,(t)-0 , F(0, t):0 , we obtain the first type of
rational solution of MCH.
b. If a=2 , x,(t) =3t , F(O,t) - -l , we obtain the second

type of rational solution of MCH .

c. If a-3 , x,(t) = 0 , F(0,t)=0 , we obtain the first type of
rational solution of MDP .

d. rf q-J , y,(t) = 4t , F(0,t)--l , we obtain the second type

of rational solution of MDp .

Second : we can indicate that the value of a depend on the coefficient
oithe term ( Lt,u*) but the value of the second pole ( x,(t)) depend

on the coefficient of ( u'y,) ,

Third : the value of F(O,t) depend on the value of poles such that if
the pole equal to zero then f,(Q ,t) have the value zero too and if the

pole equal to any value except zero, the function F(Ort) have the

vaule (-1).
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ABSTRACT
In this paper, we describe the application of the kronecker product operation

to formulate the interpolation of tabulated function. Interpolation conditions are
computed as kronecker product using least squares method.

We shall briefly review some properties of the kronecker product and the
Vec-operator of matrices. For this method, the MATLAB (ver.6.5) is used in
computations and some examples are given.

INTRODUCTION
We give a short introduction of the kronecker product operation

and the method of least squares which are two of the important tools in
sfatistics, for more details see [] , [2] [3].We need these two tools for
the interpolation of tabulated function values.

The kronecker product operation ( also known as outer product or
tensor product ) has been successfully used as a framework for
understanding different variants of the fast Fourier transform and has
proved to be very useful in various branches of mathematics such as

approximation theory, combinatorial theory and linear Algebra [4].
The least squares method ( LSM ) is one of the oldest techniques

of modern statistics, and even though ancestors of LSM can be traced
up to Greek mathematics, the first modern precursor is probably Galileo
[5]. The modern approach was first exposed in 1805 by the French
mathematician Legendre in a now classic memoir, but this method is
somewhat older because it turned out that, after the publication of
Legendre's memoir, Gauss ( the famous German mathematician )
c.ontested Legendre's priority .

Now a day, the least squares method is widely used to find or
estimate the numerical values of the unknown parameters to fit a
function to a set of data points and to characteri ze the statistical
properties of estimates. It exists with several variations: It's simpler
version called ordinary least squares (OLS).
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The Least Squares Method

ln the standard linear statistical model[1],[3],[6]

Y=Xβ +旦      …(1)
where X isthe(n× 1)respOnse vector,X iS an(n× p)mOdel

design matr破, 旦 iS a(p× 1)VectOr Of unknown parameters to be

副 m雪
鰍 ξttLT響 |ドTI群

[hittχ l胤least squares(OLS)estimatOr of
form:

hOLS=β =(X'X)~lX′ Y
..。 (2)

V(b OLS)=σ
2(x′ x)~l

The kronecker product Operation

The kronecker product operation is a special operator used in

statistics     and  matrix  algebra  for  multiplication  of  two

matrices[1],[31,[41.ThiS prOduct operation,written as Θ,giVes the

possibility to obtain a composite nlatrix of the elements of any pair of

matrices. '' any " stresses here that the kronecker product operation

works without the assumptiOn on the size of composing rnatrices,as it iS

the case with ordinary matrix multiplication[1].

The kronecker product oftwo matrices A=(a」 )and B=(bst)iS
deflned as[1],[3],[4]:

A(m×
n)Θ
B(p×
q)=(aU B)'i=1'¨

つm;j=1,……っn

The result ofthis product is a new matrix of order(mp)× (nq)

composed ofan possible a」 bst,with s=1,..… ..,p;t=1,..… .q・

s。語e properties of the kronecker product operation

l― (AΘ B)o(EΘ F)=(A・ E)Θ (B・ F)

2-(A+B)Θ E=AΘ E+BΘ E

れ棧8:}Ц員鰻易
Θ⊃

5-(AΘ B)t=(At● Bt)

6… (α∠)Θ (/彊り=(ι′)(ИΘ3),α ,β∈R

Vec― Operator

Vec―Operator, written as Vec, is another statistical and linear

algebra tool WhiCh is irnportant in the multidirnensional regression

matrix representatiOn. The rnechanism of Vec― Operator is siinple and

can be applied to a matrix of any ordero This operator transforms the

10
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matrix into a column vector, by stacking all the columns of the matrix
one underneath the other [7].

For any matrix A1m"n) with the i - th column defined as a;

a1

a2

an

Vec (A) =

Some properties of theVec-Operator
1- Vec(A+B): Vec(A) + Vec(B)
2- Vec(aA) : crVec A, a e R
3- Vec a' : Vec d: d, for any a .

: Some relationships between thgVec-operator and t
M
l- Vec ab' : boa for any vectors a and b
2-Yec (ABC): (C'@A) Vec B, whenever ABC is well defined.

The Interpolationi Th. kronecker product also aiise form interpolation of tabulated
function. Let F be a matrix , F : Ft,jt represent tabulated function
values for Fi; : F(xi , yit .The function F(x,y) can be approximated as

[8]:

F(x, y)=I C" e*(x) q,(y) ...(3)
k,t

In this paper the basis functions g are chosen as:

qo (x) - xk-r and P, (Y)= Y'-' ...(4)

The coefficients Crr can be computed to ordinary-least squares (OLS)
satisff the interpolation conditions. 

.

F, =I c*,9*(*,)e,(1,) "'(5)
k,t

The interpolation condition can be expressed as a kronecker
product, F : (Ty oT*).C'l- e

where
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〓■ …(6)

The columns of  Tx and Ty Contain the values of the basis

function evaluated as the interpolation knots.The coefflcients Cki can

be efflciently computed using the properties of the kronecker product         
〔

and equation(1)aS:

F=(Ty Θ Tx)・ C oLS+ε

[F一 (Ty Θ Tx)・ C oLS]′ [F‐ (Ty° Tx)・ C oLs]=ε
′
ε

F′ F一 [(Ty Θ Tx)・ C oLS]′ F一 F′ [(Ty Θ Tx)・ C oLS]十

[(Ty Θ Tx)・ C oLS]′ [(Ty Θ TX)● C oLS]=S

轟

=0-2〔 L(DttK)′ F+2(lC月 L)′ [(lC月臥)・CoLS]=0

(T, I T* )'F = (Tv I T* )'[(T, I T* )'C o,-, ]

.'. Cor, =[(Ty I T*)'.(T, I T*)]-'(T, I T-)'F

= [(Tv I T* )-' . (T, I T* )'-'] (T, I T* )'F

Cor, = (Tv I T*)-'[(T, I T*)'' .(T, I T-)']F

= (Tv I T* )-' [(T, I T* ). (T, I T* )-']'F

=(Ty8T*)-'oIoF
.'.Cor, =(Tr8T*)-'t F ...(7)

where

12



Al- Mustansiriya J. Sci Vol.22,No3,2011

Cor, =Vec (Cor, )=

CH
C21

三

C 2■

C12

C22

C n2

C in

C2n

(〕  nn

F=Vec (F) =

FH

F21

F2n

F12

F22

Fn2

Fin

F2n

Fnn

i
Examples

The performance of the proposed method described earlier in this
paper, will be tested using two assumed numerical examples.

Example (1):
Consider the following data of function

●ヽ
　
　
　
　
　
　
　
　
　
一
一

０́
　
　
　
　
　
　
　
　
　
い，
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From equation(3)Let k=1=3 and

3   3

F(x,y)=Σ ΣCM9k(X)91(y)

３

ヽ

…(8)
l=l k=l

At first, we find T, and T* by using equation(4) and equation (6) to
get:

yl

y2

y3

Xl

X2

X3

Now , using MATLAB program to compute !' , T' and !' e T'
and then using equation (7) to obtain :

oVec(F)

100000
-1.5  2 -0.5  0  0  0

0.5   -1  0.5     0    0    0

-1.5   0  0   2  0   0

2.25 -3 0.75 -3  4  -1
-0。 75 1.5 -0.75  1  -2  1

0。5  0  0  -1  0  0
-0。 75 1 -0.25 1.5  -2 0.5

0.25-0。5 0.25 -0.5 1  -o.5

―

　

―

一一　

　

　

　

　

　

　

〓

だ

だ

ズ

だ

く

だ

ｙ

ｙ

ｙ

ｘ

ｘ

ｘ

一一　
　
　
　
　
　
　
〓

■

　

　

　

■

３
ｘ
３

　

　

　

　

　

　

　

　

　

３
ｘ
３

１

　

１
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１
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・
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１

・
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‐
・
‐
・
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・
ｏ
。
５

０
・
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・
０
・
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０
。
５

・
０
。
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０
・
２５

Θ

対

ヽ
‐
５‐
川
リ

０

　

０

　

０

一

０

２

一
‐

５

　

５

仲
―・１
い
〓Ｌ％ＣｅＶ

０

　

１

　

２

０

　

１

　

２

劃ヽ十Ｊ‰
０
０
０
０
０。２３鋼
０
い０・２５０・２５
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０
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Example(2):
Consider the following table lists
F(x,y):

Vol.22,No3,2011

equation (8), then we get F(x,y) : x

of data for the unknown function

０

１

つ

´

３

０

・

５

２

９

．

５

２９

０

０
。
１

」

1         2

3.5    6.5

18    35
56.5  111.5

。̈(9)Let F(x, y) =

To compute T,

Σ Ck19k(X)CP l(y)
k=1

T* , we use equation (4) and equation (6), we get :

0   0    0

0。 5  0。 25 0。 125

1      1         1

2   4     8

and■ =

1000

1  1   1    1

124 8

1 3 9 27
4× 4

Then, by using equation (7) and MATLAB program we find C11 as :

vecCo',-( o 0.5 o 1o o 2 o o oo o ooo o)',u,,

Substituting Cp1 in equation (9) we get the unknown function
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Application of Kronecker Product Operation in Interpolation Via Least Squares Method
Sudad

I
F(x, Y) = lx + Y + 2x3YJ/ 

2

Conclusion
In this paper, an interpolation with kronecker product with least ,

squares method have been used to find an approximate function for
some given data. Computer program coded in MATLAB software have t
also been adapted to compute the inverse of a matrix as well as the
kronecker product of suitable matrices. the efficiency of the proposed
method has discussed and proved, as well.
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Traveling Salesman
Dihedral Group

m-TSP dJt-rlijJlosa C-..lr.U rr_,r$

and ized this result for m-TSp.
INTRODUCTIoN

ABSTRACT
The idea behind this research is that the symmetric group on n letters or any
permutation in S, is a natural setting in which to build und rtrdy metaheuristic
mlhod applied permutation problems...In [1] they studied the transiiion matrices of
]- ISP (the traveling.salesman of one agent) under the action of conjugation class, in
[14] they generalized this result for m-TSP (the tra,reling salesman p.oUt", of multi
199nt)' in [15] they studied the transition matrix of 1-TSi but undeithe action of the

This research uses group theory as unifying mathematical frame work
for the study of metaheuristic method, the metaheuristic methods apply
to practical combinatorial optimization problems whose solutions are
partitions circular ordered arrangement of letters, such solutions are
permutations in the symmetric group.
Group theory the "algebrg of permutation" can powerfully enhance the
study, understanding and application of metah.uii.ti. search
neighborhoods.

For the simplicity and clarity of explanation , we will initially focus
our consideration on special case of classical m-TSp where the agent
do not share a common base or depot city rather each agent is basJ on
one of cities in the subtour cycle assigned to that agent .

In t3l and [14] shgw that conjugative move methods based upon
conjugacy class to build neighborhood that preserve cycle structure.
Here and in [15] we compute for subgroup-conjugative move method
both conjugacy classes and subgroups-prouid. ,r.ru ways to present
move method , but of the two , only subgroups grant access to
machinery of group action . Here we study tnJ ainearil grorp, which
are subgroup of s, and its action on conjugacy class and build its
transition matrices, Colletti and Barnes in [ 1] investigate the transition
matrices of 1-TSP, and in [r4] they generalize these results on m-TSp .

In [15 ] she studied the transition matrix of l-TSp under the action of
dihedral group .

17



Transition Matrices of Multiple Traveling Salesman Problem under the Action ofThe Dihedral

Group 
Arbah and Entisar

Inthisresearchwegeneralizethisresultform-TSPundertheactionof
the Dihedral groups.

$ L GrouP theory PersPeclive
ih" conlugacy class C(n) of n-cycle in S,, (the perrnutation group on n

letters) repiesent the 1-TSP see [11 ] , for m-TSP we need the following

due to J.J. Rotman [13 ]
Definitionl.l , if n is an element of Sr, , then the ordered length

o<i (n) L < i < c(z) where c(zt) is the number of the cyclic factor

oi n'in cycle notation form a unique determined partition of n which

will be .uil.d th. cycle partion of n and which we denoted by o'(rr)

where o(n)::(a i(n), ..., qtQD)

In this papei we take m- TSP where m= c(n) and X the conjugacy

class of some a(z) .

Example 1.1: n=(lB)@56)(78X9 10 1 I 12) an element of Sr2 , then

a@)--b,Z,Z,q and the number of the cyclic factor c(n) : 4 this element

can'be consider as an element of the conjugacy class X whose elements

have the form (3,3,2,4,)that is each element of X is : X=

(aaa)(aa→ (a→(an'')and thiS represent 4‐
TSP.

Note: The number of clcmcnts of X(ie.lχ l)depcnd on thc cyclc

structure of itS Clemcnts that is on α(π)aS f01lows : If α(π)=

C≒りαわ■m凶 =螺
j∬冨we w… mdthe mmttЮ fExample l。2:If we take cxample l

elemellt of the conJugaCy class X We note that x=(aaa)(aaa)(aa)(aaaa)

that is α(x)= ( 32,2,イ 1 )then lχ l=論 =3326400 differcnt

element

DerlnitiOn l.2:

If  6=(χ Jノ |`=0,l α71dブ =0,1,… ,η -1,χ
2=θ
=y"′χy=

ソ
~lχ
〕

Then G is a group,called thc Dihedral group dcnoted by G=D.(n≧ 3)

and the order ofG we writc o(G)=2n

DerlnitiOn l.3:'lGroup actiOn

Group actiOn of a group G on a sct T dCnotcd by cr is a function from

the Cartcsian product T× G into T with thc properties bclow i The

assignment of(s,g)∈ T×G tot∈ T is denoted here as sθ =古 [4]:

●  ta=t(e is the idcnti″ )

●  ιθ・ =tθれfOr ali t∈ T and g,h∈ G
Thc group action partition T into Cells Called orbits,put another way

x,y ∈T are in the same orbitiffcach can be reached from the other via
G,ie ヨg∈ 6 Such that χθ=ソ

18
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Derlnition l.4:''Stabilizers''

Stabilizers arise from a group action 6r is an arbitrary set T together

with a group G o Stabilizers are subgroups of a group C}that either

ind市idually flx speciflc elements ofG or else flx subset ofG(i.eo Subset

element rearrange among themselves)

Point stabilizer: Lett∈ T in the group action Gr the pOint stabilizer of

t.in Cl is the set of all elements that flx t under the group.action :

Stαb(G′ ι)=〔θ∈G: ιθ=ι〕
And is a subgroup of G[D破 on 1973,Gallian 1994],for eXample if G
iS S4

●  T be the transpositions in S4 the Stabilizer of卜 (24)is the
subgroup:

{i,(13),(24),(13)(24))the Set Of all」 ∈S4fOr Which
(24)θ =(24)
●    T bethe 4‐cyclein G and t=(1234)the stabilizer oft is

{i,(13)(24),(1234),(1432))ioe.the set of all θ∈S4fOr
which(1234)θ =(1234)。
In both examples, T had the propeJυ required of group action the
operation inust be closed on T and conJugatiOn preserve cycle structure.

In the fonowing Section we win recan the work of Colletti βどBarens in

[7]                                                                       ,

§2∫ 幼り
“
グ JFα″Sあわ

“
″α″たω ″・I‐TSP″″滅η εθ″婆子α′′ο″″οッ′

SrFaregッ

Consider swap moves(an possible arrangement of two cities)on a5‐

city l‐TSPttaveling salesman problem o1 0ne agent .In this case

solutions are made up of the cottugaCy Class of 5-cycles,i.e.,single

agent tours,where the agent visits an ive cities(and they assume the

agent is based on one ofthe cities).In this case there are 4!=24 tours

indexed in dictionary order as follows:

1       2        3       4       5        6

(12345)  (12354)  (12435)  (12453)  (12534)   (12543)
7        8        9         10       11         12

(13245)  (13254)  (13425)   (13452)  (13524)   (13542)
13        14       15        16       17        18

(14235)  (14253)  (14325)   (14352)  (14523)    (14532)

19      20 21       22       23        24

(15234)   (15243)   (15324)  (15342)  (15423)   (15432)
Each ofthe 24 tours has ten one step neighbors,as pictured in the

schematic transition matrix g市 en in Figure(1).HOWever,by using
group theory to flnd the orbits ofa group action ofthe altemating group
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,A,,actingupona||24tourswecanusetheorbitstopartitionthetours
into two essential classes of the same size . Identically permuting the

rows and columns of the transition matrix in accordance with the

partitiOn(With Sorne minor reOrdering )yields the periodic transition

matrix of order 2 in F

「iJlilThc“ raw`tSWap ncighborhood fOr S 5・

has no mean in this figure )

Thismeansthataswapmoveneighborhoodona5-cityTSP
,.communicate .. , i.e. , we iannot get to any other tour starting at an
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arbitrary tour However in one step you can move only from one
essential class to the other .

Figure (3) presents the transition matrix ,viewed through the
perspective of group theory , for the reaffangement neighborhood of
order 3 , i.e. , all possible 3-city rearrangement .

' This non intuitive result shows thai the 3-city rearrangement
neighborhood does not communicate ! .You can never depart the
essential class in which you started . Half the tours are unreachable
from any specific tours .

If n is an odd number , this surprising structure is present for any n-
city I-TSP when the 3-city rearrangement neighborhood is used ! . If
you are starting solution is not in the same essential class with an
optimal tour, you cannot find an optimal solution . However , we may
view this structure from a more favorable perspective . If we are aware
of this structure , the search for the optimal may be attacked as two
independent subproblems with communicating solution neighborhood

of dimensionality E+ by (n:l)t . For larger values of n , this is212
original solution neighborhood

n-1)!

Fig-3: The "revealed" transition matrix for 3-lettei moves for
S, (the row and column label has no mean in this figure )

Using group theory Colletti , Barnes and Neuway [7]prove that for any
n-city I-TSP , if you are using conjugative rearrangement moves with a
single communicating essential blass , or 2 essential classes . If you
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have 2 classes they will either communicate with period two or they
form two non-communicating classes . They also derive the detailed ,

specific conditions on the defining conjugacy class and the values ofn
that lead to each of these structures .

Definition 2.1 :
. For simplicity and clarity . we define the following notations :

r f,: The set oftours ( non-trivial conjugacy class in S,), i.e., all

single or multiple tours for a k-city TSP where k < n
r Q : The conjugacy move strategy (a non-trivial conjugacy class

ofS,).
. P'r:the l-move neighborhood ofp eX under the move strategy
C.
r A conjugative neighborhoods lxl x lxl transition matrix T has

binary entries . The entry corresponding to p ,q e X is :

T′9 {* 傷荒
ら́脚″`rel

This paper show that the transition matrix is diagonalizable into
one ofthe following three types ( the n indicates a block containing
some non zero entries ) .

l. u,,X consists of one orbit and the transition matrix has the form

orbit(r)ft
tt2. ,., X has two commirnicate orbitS in alternating moves with period

two . Any neighboring pair of elements of X resides in different orbits
The transition matrix has the form :

orbit(1)

orbit(2)

3  ィ′,X has●″o non conlmunicatc orbits rthat is any ncighboring pair

of elements of X is co-orbital , the transition matrix has the form :

orbit(1)

orbit(2)

At this point this 1-TSP or m-TSP ,i.e., alt

, but a natural question is
agivenXandC?."which type of transition matrix is implied by

orbit(1) orbit(2)

orbit(1) orbit(2)

う
乙
う
ι
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when X consists of the set of all n-cycles , the answer depends on
t.wo factors W. Barnes et al.[7] .r: Does the conjugacy class of n-cycles , X consist of even
or odd permutation (that is , is n odd or even ) ? .t Does C consist of even or odd permutation ?

' If n is even < p > contains the odd permutation , whenever qe S

,, is odd , the right coset < p >q has the even element pq whenever q is
even ,< p >q has an even element ( q itself since the identity element
belongs to all subgroup and in particular< p >).
Thus < p >q always has an even permutation and so as stated above ,
the group action only has one orbit .r If n odd then all elements in < p > are even, if q is odd then < p
>q only has odd elements , otherwise < p >q is entirely even . Thus the
group action has two orbits .

In summary , for n-cycles in S,,, if n is orld , then there are two orbits ,

if n is even , there is one orbit .

If there are two orbits , will the transition matrix be of type 2 or
type (3) ?

This is determined entirely by C .For any q )C , if C has even cycle
structure, then A, g : A, . Suppose we select, from the same g, p 3X
(without loss of generality , let q rp'" ) since the l-move neighborhood
of q is q' , this implies that the union of all orbital element
neighborhoods is (pa,)': pn,'. So if all members of C are even
permutations then :

pn' ': pu'and so this union is the orbit itself see fig. (3) . If C consists
of odd permutations then pn, ': ps,,\'4,, and so the union is the
complementary orbit that does not contain p see figure (2) , see[7] .

Therefore , if C has an even cycle structure , the transition matrix
is of type (3) (two non communicating sets ) . When C has odd cycle
structure , the transition matrix is of type (2) (cycle with period 2 ) .

Note ; The two orbits of A, on X are under transposition :

(12345)n': { 1,4,5, 8, 9,12,13,16,17,20,21,24} .

(12354)n': {2,3,6,7 ,10, ll,14,15,18, 19 ,22,23} .

These orbits agree with the partitions found in figure 2 and 3 , the
orbit's elements are reordered in figure 2 and 3 to place the 5-cycle
permutation inverses adjacent and to maximally reveal the matrix
structure

Perhaps the most interesting of these types is type (2) where there is no
way to move from one essential.class to another . This can be present a
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trap for individuals using such neighborhood who are

existence of such structure .

Ifthe search starts in an orbit where no optimal solution resides

the search is a priori doomed to failure . On the other hand , persons

aware of such structure can make use of it '

$3: Transition matrices of w-TSP under the action of
Dihedral grouPs :
Norv we will generalized the results of [15] which was the explanation

of 1-tsp under dihedral group now we work with m-tsp :

In the following we will show that the transition matrix of m-TSP

under the dihedral group also will be of type two not exactly since we

will see that the matrices have more than two orbits but all of them are

non communicating orbits. We witl start by this example:

Example3.l :Consider in the symmetric group Sr the conjugacy class

X:(2,3) i.e. the cycles of X , have the form (xx)(xxx) it is 2-TSP then

by the note after definition 1 we get tXl = 4r#F,, 
: *= "

different elements all indexed in dictionary order as follows :

Arbah and Entisar

not aware of the

(12)(345)   (12)(354)

6              7

(14)(253)  (1 5)(234)

l1         12

(24)(135) (24)(153)

(13)(245)(13)(254)(14)(235)

8        9         10
(15)(143)(23)(145)(23)(154)

13        14
(25)(1 34)   (25)(143)

15

(34)(125)

16            17           18         19            20

(34)(1 52)  (35)(124)   (35)(142)   (45)(1 23)    (45)(1 32)

Wc will discuss the transi“ on matrices ofX underthe action(movc

stratcgy χD.={χ d:χ ∈X,d∈ D.))ofdifferent D.:=(D3,D4,D5)

Note: the row and column label has no mean in the figures below.

1. Caseone: Ds = { i ,(123),(132), (1 2), (l 3), (2 3) } isthe

24
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move strategy then we will get flve non corninunicated orbits which are

(L z)(3 + 51o, = 7D, -{ (1 2.)(3 4 s), (2 3)(t 4s), (l 3)(2 4 s)}: { 1 , 9 ,3}
. (1 2)(3 5 4)', - 2D, ={(12)(3 s4),(23)(t 54),(t3)(254) }: {2 ,4, 10}
. (1 4)(23 5)', - 5D, ={(t4)(23 s), (24)(t s3),(34X1 2s),
(24)(13 s), (t 4)(2 s 3), (34)(t s2)I: {s,12, 15, tt,6,16}
. (1 5)(23 4)o, -tD,{(rs)(234),(2sxl 43),(3 s)(124),
(25)(13 4), (l 5X2 43), (3 5Xl 42)): {7 ,14,17 ,13,8, t8 }. (4 5)(12 3),, - t9D, - {(4 5Xt 2 3) , (4 5Xl 3 2)} : {19 ,20}

Frg-4: the transition matrix of 2-TSP under the action D,

2. Case two: D+: {i,(l23 4),(13)(2 4), (l 432),(t 4)(23),
(12)(3 4) , (2 4) , (l3) )) is the move strategy then we will get three
non communicated orbits which are :

. (1 2)(34 5)'* - LD* - {(12)(34s),(23)(rs4),(34X1 2s),
(14)(235),(34)(152),(12)(354),(14)(253),
45)}={1,10,15,5,16,2,6,9}.

(23)(1

(1 3)(2+51rt* = 3D! - {(1 3)(24 s), (1 3)(2s4),(24X1 3s),
(24)(153)}= {3,4,11,12)
。「   (15)(234)D4= 7D4=={(15)(234),(25)(134),(35)(124)
,(45)(1 23),(45)(1 32),(25)(1 43),(1 5)(243),

++キ
キ 十 ■

+十 十
+++
+++
++十
+十 ++++
++十 +キ 十
■ +十 十 ■ 十
■ +++キ +
+十 十 ■ ++
十 ■ 十 ■ キ 十

++十 +++
十 十 十 十 ■ +
++十 ■ +キ
十 十 十 十 ■ +
キ 十 ■ ++十
■ 十 十 +キ 十

Fig-4: the transition matrix of 2-TSP under the action
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\ : 17,8, 13, l 7,19,20, 14, 18 ).
a

3. Casethree : Ds :{i,(1 23 4 5),(1 3 5 2 4),(l 42 5 3),(l 5 43 2),
(1 2X3 s), (l 3X4 5) ,(1 4)(2 3), (l sX2 4) ,(2 5)(3 a)) ) is the move

strategy then we will get two non communicated orbits which are :

. (1 )(3aS)Ds = lDs ={(1 2X34s),(l 2)(3 s 4),(t s)(23 4),
(15)(24 3),(23X1 4s),(23X1 s4),(34X12 s), (34X15
2),(4 s)(1 23),(4 s)(1 3 2): {1 ,2,7 ,8,e, 10, 15 ,16,re ,20}
. (13)(24S)Ds - 3D'-{(1 3)(24s),(13X254),(1 4)(23s),
(t 4)(253),(24)(r3 s),(2 4X1 5 3), (2 5Xl 3 4), (2s)(r 4
3), (3 sxl 24),(3 s)(142) ): { 3, 4,s ,6,1r ,t2,t3 ,14, 17, 18

)
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In general : Suppose we're given a group action so where H is a
subgroup of G and we want to build an c) by a transition matrix on H
for x, y e o the matrix .ltry in the "xth" raw and "yth', column gives
how many he H satisfy xh = y . If we arrange cl so that orbits follow
one another, it turns out that the matrix block diagonal in which a
block's entries are (the same size of any orbital elJment,s stabilizer's ).
we now show this although the matrix clearly block diagonal : if x, y
€. o do not share an orbit, then no he H satisfy xh = y andso the
(x,y)-entry is zero the key is to use the following theorem ( in which the
group action operator is the conjugation )

Theorem 3.1: [Dixon and Mortimer 19961
Given the group action ue , we c) and a ,b € H ,wo = wb iff aand b
are in the same right coset of Stab(H,w) .

That is if y € Orbit(H,w) then the size of {h e H:wh : y} is that
Stab(H,w) .

Now for our search o,x is the group action and for each x€X then
x = ptpz... p6 wheft pt = (a, az ... o*)., i is the number of element in
each cycle p; in x which depend on the cycle structure of x then the size
of any block in the matrix will be the number of elements of the orbit of
a-n x equal to :

size of btock 1 = | orbit of xl
since the action of each element of D, will give different element
xdt = xi vf = 1,2,..2n and each element of the stabilizer will give
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the same action as in (theorem l) xa = xb .this mean:

o The action of each element of Dn on an element x will yield

different element that is xdi = yithe order of the orbit of each element

of X will be the same of the order of Dn : lorbit of xl = lDnl this case

happened if the stabilizer of x is {i} only (each of the component of x
not belong to Dn ) but if one of the component of x belong to Dr, then

this component will belong to the stabilizer so the lorbit of xl will .

shrink and will be lorbit of xl: #1.
o For each y E orbit (r) we will have orbit (x):orbit(y) since the

action under D, is a group action so maps arcs onto themselves via Dr, ,

so if we take x as a representation element of its orbit we can see the

size of block(l) in the transition matrix : size of block (l) :
lorbit of xl
. Size of the transition matrix:\lorbtf x,l where the summation
is taken among x; belong to different orbits .

This prove the following theorems :

Theorem 3.2:
Let X be m-TSP then the action of Dr, on X under conjugation action
will fall into two cases as follow, for each x€ X we have:

1. If no one of the component of x e Dn then lorbit of xl = lDnl
2. If one of the component of x E D, then

lorbit of xl = #*,r. :

Theorem3.3:
The Transition matrix will consist of non-communicating orbits and the

size of the transition matrix : Zilorbiu x, I where the summation is
taken among x; belong to different orbits .

Appendix:

We use the following program in mathlab to draw the transition
matrices:

clear
clc
close all
DIMENSION:input('size of matrix: ');
If length(DIMENSION), t

ROW:DIMENSION(I);
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COL=DIMENSION(2);
else

ROW=DIMENSION;
COL=DIMENSION;
end

x(1:ROW,1:COL)=nan;
For i=1:ROW
: Orbi卜 input(『 Orbiザ num2str(i)i= ]);
X(i,ёrbit)=1;

end

Xl=[1:COL];
flgure

hold On

for i=1:ROW
y=i*x(i,:);

p10t(Xl,y,'*1)

end

hold Off

Set(get,'(gCt'Currentaxes),:XA対 sLocation',top)

Set(get,(gCtiCurrentaxes'),:XtiCkl,[1:COL];

Set(getメ (gCt℃urentaxeゞ )メYticで ,[1:ROW];
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ABSTRUCT
:ending if each submodule ofヽ4 is ratiOnal
「we study this class Of lnOdulcs which is

躊響1満器糧鵠星鶴:胤貯粋
every nonzcrO proper submodule of ⅣI is quasi… invertiblc rclativc tO some direct
summand of M.cOnditiOns are investigated tO identitt bCtteen these chsses。

Sevcral prOperties are cOnsidercd for suph rnodules.

INTRODUCTIoN
ThrOughout this paper R represents an associative ring with identity and

all R‐ 1■odules are unital right rnOdules.The fOHOwing are equivalent Of

a submOdule N ofan R…module M:(1)HOmR(]Ⅶ N,E(M))=O Where E(M)
is the i可

9ct市e enve10pe Of M,(2)For each submOdule K of M with
N⊆K⊆M,every R‐ hom6mOrphism 9:K→ M with N⊆ker(9)iS triVial
and(3)For each x,y cNI with x≠ o,xPゞ :y]≠ O where fN:y]={r∈ R:
ry∈N).A submodule N of an R‐module is called rational in M if N
satisfles any one of the above cOnditions[1],[2].It iS Clear that rational

submodules are reflnement ofessential submoduleso An R… module M is
C,lled mOnOfOrm(SOme times termed strongly unifOrm)if each nOn…

zero subttOdule N ofM is ratiOnal[3].A submodule N ofan良_mOdule
M is called quasi‐ inve■ible if HOmR(卜をN,M)=0,and the quasi‐
dedekind are thOse in which ali non‐ zero submodules are quasi‐
invertible[4].Clearly,every rational submodule is quasi‐ invertible and
hence every lnonofo.11l R‐ module is quasi― dedekind.
The authOrs in[5]intrOduced relative quasi… invertible submodules.A
proper submodule N of an Rt… module N is called quasi_invertible
relat市e tO a submodule P OfM ifP cOntains N properly and HOmR(P/N,

M)=0.An R… module M is called is called quasi¨ monofollll if eaCh non―
zero proper submodule of M is quasi¨ invertible relative to sOme
submOdule of M.In●ct quaSi¨inve■ible submodules are quasi‐

31
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invertible relative to M it self. Then we have the following implications

for modules:
Monoform modules = Quasi-Dedekind modules = Quasi-monoform

modules
The following proposition gives characterizations of relative quasi-

invertible submodules.

Proposition (1.1) :[51

Let N be a submoirf. of an R-module M. Consider the following'

i. N i, a quasi- invertible submodule relative to a submodule P of M

with Nc P.

2.EveryR-homomorphism f : P + M with f(N):0 is trivial'

3.For each m1eP, m2eM with mz * 0, there exists reR such that mr

reN and m2r I 0.

Then(3)=(2)Q(1),and(2)=(3)ifMisinjectiverelativetoP'
In section two, we constructed the rational closure of submodule' and

then use it to defined rational closed submodule which is a

general\zation of closed submodule. An R-module M is extending if
each submodule is essential in a direct summand, this equivalent to

saying that every closed submodule of M is a direct summand' In

section three, the rational closure (and hence the rational closed

submodule) is the basic ideal to introduced the rationally extending

modules which are stronger than that of extending modules' Several

froperties of rationally exiending modules are investigated.

Rational closure of submodules

Let M be an R-module. For any submodule N of M, a closure of N in M

is a submodule K of M which is maximal in the family of submodules H

of M which contains N as an essential submodule. A submodule K of M

is called closed in M if K has no proper essential extensions in M'

Given any submodule N of M, By a complement of N in M we mean a

submoduie L of M which is maximal in the family of submodules H

with the property NnH:0. A submodule L is called complement in-M,

if there is a submodule N of M such that L is a complement of N 16l' It

is well known that a submodule K of M is closed if and only if K is a

complement in M.
Let M be an R-module and let N be a submodule of M. The approach to

rational closure of N in M that is given below is not new' The essential

ideas of them have appeared regularly in the literature (for instance in

tl] ). we shall do some variations or modifications on them. The

iuiionut extension of submodule N of M refers to any R-homomorphism

cr : N-+ M such that cr(N) is rational in M. In this case, we say that ct is

rational R-monomorphism. A rational extension is called proper

extension of N in case cr,(N) is a proper submodule of M'
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' Let M be an R-module and let N be a submodule of M. Set T:
Endp(E(M)) and S:Homx(E(N)nM,E(M)). Then s is the left ideal of a
ring T. In general, E(N) may not be contained in E(M), but E(M)
contains a copy of E(N). Thus it may be happen that E(N)'has no non-
zero elements in common with M, in this case we utilities the
isomorphic copy w say of E(N). As E(M) is essential extension of M,
hence w n M * 0. Therefore without loss of generality if we assume
E(N) n M is non-zero. Now, we formulate the following:

Define RC(N) :f'lker(a) where the intersection runs over all

elements cr in S with Nc ker(o). It is clear that Nc RC(N).

The following gives some properties of RC(N).

Theorem (2.1): Let M, N, T and S as above. Then:
(a).N is a rational submodule of RC(N), and all submodules of E(N) n
M which are rational extensions of N are contained in RC(N),
(b). If N is a rational submodule of B, then the intersection map N +
RC(N) extends to R-monomorphism B -+ RC(N),
(c). RC(N) has no proper rational extension.
P.oo]l:
(a). Let N c Pc RC(N) and f :p + RC(N) be an R-homomorphism with
N c ker(f). Then ;" f : p + E(1v)where I is the inclusion map of RC(N)
into E(N). ;" f can be extending to ges with N c ker(g).By definition,
RC(N) c ker(g) and hence (P) : g(p): 0. Thus N is rational in RC(N).
Now, let K be a rational extension of N in E(N) n M and consider qeS
with Nc ker(cr). PutK' = K ^d'(K), then N c. K' c K, hence cr restricts
tg an R-homomorphisma' K'-->Kwith q,: O. As N is ratioqal in K,
then q': 0. Thus K n o(K) :a'(K'):O. But K is essential in E(N), and
hence K is essential in E(N) n M. Thus cx.(K):0 and this implies that K
s RC(N).
(b). The inclusion map i : N+ E(N) can be extended to an R-

homomorphism f : B + E(N). since N is rational in B, then N is
essential in B. This implies that f is an R-monomorphism. Not that N =
(N) which is rational in f(B), then by part (a), (B) c RC(N) and hence
f : B + RC(N).
(c). Let cr : RC(N) + c be a rational R-monomorphism. Then cr(N) is
rational in C and hence o(N) is essential in C. Thus the isomorphism 0 :

o(N) -+ N extends to an R-monomorphism p : C + E(N). Since N :
0q(N) is rational in B(C), then by parr (a), p(C) c RC(N). Thus .,B: C
+ c and we note that (crB-l) cr(N):0. Since o(N) is rational in c, this
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implies that crB-1 : 0 and hence c : crB(c) g cr(RC(N)). Therefore ct is

not proper rational extension of RC(N).

Corollarv (2.2): Let M be an R-module' For each submodule N of M
th..a exists a submodule P of M such that N is rational in P and P has

no proper rational extension.
The following theorem gives a characterization of RC(N).

Theorem (2.3) : Let N be a submodule of an R-module M and S :
Homp(E(N) n M, E(M)).Then:
RC(N): { xe E(N) n M \ for each y(ro)eM, there is reR with xreN
and yr+O )
P.ooIr LetL: { xe E(N) n M \ Vy(+0) e M, f reR with xreN and

yr+0 ) and let xel.. For any cr:E(N) n M -+ E(M) with cr(N):0,
suppose that y : g(x) +0, then there exists reR such that xreN and

0+yr:o(xr), a contradiction. Thus cr(x):0 and xe RC(N). Conversely, if
xe RC(N) and xel, then there exists a non-zero element yeE(M) such

that for each reR with xreN implies yr:0. Define ry : N+ xR+ E(M)

by ry(n+xr):yr for each ne N. V is well defined non-zero R-

homomorphism. Injectivity of E(M) implies that y can be extended to 0

€ S, a contradiction.
For the proof of the following lemma see [5].
Lemma (2.4): Let M be an R-module and let N be a submodule of
E(M). If N is quasi-invertible relative to a submodule P of E(M) with

Nc P, then Nn M is quasi-invertible relative to a submodule Pn M of
MwithNnMcPnM.

The last theorem asserts that, if N is a submodule of an R-module

M then by proposition(1.1), N is quasi-invertible relative to a

submodule RC(N) of E(M) with NcRC(N). It follows by lemma (2.4)

that N is quasi-invertible relative to a submodule RC(N) N is quasi-

invertible relative to RC(N) of M with NcRC(N). Then we have the

following.
Theorem (2.$: Let M be an R-module. For each submodule N of M,

there is a submodule P of M such that N is quasi-invertible relative to P

and P has no proper rational extension.

Now, we give the following definition.
Definition (2.0: Let N be a submodule of an R-module M. Then:

(1), RC(N) is called the maximal rational extension of N in M. Any

maximal rational extension of N in M is isomorphic to RC(N).
(2).N is called rationally closed in M if N:RC(N).
Condition (2) above states that a submodule N of an R-module M is

rationally closed if and only if N has no proper rational extension in M.
Note that RCQ'{) is always rationally closed. It is clear that every

closed submodule of an R-module is rationally closed, but the converse
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may not be true for example see[4].HoweVer for non― singular modules
they are equivalent.As ёvery direct surrllnand is 01osed,hence every

direct suminand is rationally closed.This inotivates to the converse.

Rationany Extending lllodules

Recallthat an R― module M is called extending(or CS‐ mOdule),if
each submodule of M is essential in a direct sunlrFland. This is

equ市alent to saying that every closed(or COmplement)submOdule ofM

is direct surrmand.

Deinition(3。 1):An R¨module M is called rationally extending(or
RCS‐module),if eaё h submodule ofM is rationalin a direct summand.

It is clear that every rationany extending inodules is extending rnodules,

and every monofornl modules is triviany rationally extending. Non―

singular extending rnodules are rationally extending.

Proposition(3。 2):An R¨module M is called rationally extending if and

only if each ratiohally closed submodule ofM is direct sunllnand.

Proo■ L9t N be a rationally closed submodule of M.Then there is a

direct surrmand K of M such that N is rational in K.But N has no

proper rational extension in M, then N=K. Conversely, let N be a

submodule ofM.By theorem(2。 1),N is rationalin RCoヾ )and RCoヾ )is
rationally closed,then RC(N)is a direct summand.Thus M is rationally

extending.

The fonowing proposition can be casily proved.

PrOposition(3。 3):An R‐module M is mOnofom if and onlソ if M is

indecor町5osable rationally extending module。

Lct R=Z,the ring of integers and W〔 =zP∞ .Then M is trivially

extending R‐ module. It is clear that M is indecomposable. We clailn

that M is not rationally extendingo lfnot then by proposition(3.3),M is

monofornl,but this is not true,since if we considerthe submodule N=

ZP, then there exist ll十 Z,7飛「十Z∈ ■イWithi:十 Z≠ 0.For each r∈ R, if

tfナ
+Z)″∈Ⅳ then r is a multiple of P and hence(■ +Z)″ =0.ThiS

shows that N is non― zero submodule of M which is not rational in M.

Also we can use a similar arguments to ShOW that Zn is an extending Z‐

module which is not ratio,ally extending if n is a power of prilne

numbers fbr example Z8 and Z9,Z16 and Ctc.…

Proposition(3。 4):Let M be an R‐ module and let N be a submodule of

M. If N lis rationally closed in a direct surninand of M, Then N is

rationally closed in M.

壁型■ Let M=Ml① M2 and N is rttiondly closed submodule of Ml.
Assurne that N is rationalin B for sorne subrnodule B ofMo Lct p:M→

Mi be the pr● eCtiOn of M onto Ml.We claim that pGN)is ratiOnal in

く
υ
つ
′
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p(B). For each p(x), p(y)€ p(B) with p(y)* 0, there exists r€R such that

p(x)r e N and p(y)r + 0. Noting that p(x)r: p(p(x)r) e p(N). Thus N:
p(N) is rational in p(B) c Mr. Since N is rationally closed in M1, then

p(B):N c B and so (1- p)(B): B. Since (l- p)@)nN:0 and N is

essential in B, then (l- pXB):0 and hence B : p(B) c Mr then N: B,

since N is rationally closed in M1.

Corollarv (3.5): Direct summands of rationally extending R-module are

rationally extending.
Proof: Let N be a direct summand of rationally extending R-module

M.If K is a rationally closed submodule of N, then proposition (3.4)

implies that K is rational closed in M. Since M is rationally extending,

then K is a direct summand of M. Modular law implies that K is a direct

summand of N and hence N is rationally extending.
As we have mentioned in the introduction, an R-module M is quasi-

monoform if each non-zero proper submodule of M is quasi-invertible
relative to a submodule of M. Now we introduce a stronger case as in
the following definition.
Definition (3.5): An R-module M is called strongly quasi-monoform if
each non-zero proper submodule of M is quasi-invertible relative to
some direct summand of M.
Then we can extend the implications mentioned in the introduction to

the following one for modules.

Monoform + Quasi-Dedekind + strongly quasi-monoform =
quasi-monoform

UU
Rationally extending = strongly quasi-monoform

U
Extending

Remark: The proof of "every rationally extending module is strongly

quasi-monoform" is follows from proposition (1'1).

Recall that an R-module M is multiplication if each submodule N
of M has the form N : MB for some ideal A of R. The following
theorem is proved in [5].

Theorem (3.6): Let M be a multiplication R-module and N be a
submodule of M. If N is quasi-invertible relative to a submodule P of M
with NcP, then N is rational in P.

36



Al- Mustansiriya J. Sci Yol.22, No 3, 201I

Theorem (3.7): Let M be a multiplication R-module. Then M is
rationally extending module if and only if M is strongly quasi-
monoform.

P,roof: Suppose that M is rationally extending and N be a non-zero
submodule of M, then there exist a direct summand K of M with N is
rational in K. Proposition (1.1) implies that N is quasi-invertible relative
to K and hence M is strongly quasi-monoform. Conversely, let N be a
submodule of strongly quasi-monoform R-module M. Then there is a
direct summand K of M such that N is quasi-invertible relative to K.
Theorem (3.6) implies that N is rational in K, that is N is rational in a
direct summand of M. Hence M is rationally extending.

As:every commutative ring R is a multiplication R-module, then
we have the following.

Corollarv (3.8): A commutative ring R is rationally extending if and

only if R is strongly quasi-monoform.
In the following proposition we consider conditions under which
extending modules are rationally extending within strongly quasi-

monoform modules. First recall the following which appears in [5].

Proposition (3.9): Let M be a multiplication R-module with prime

annihilator in R and N, P be submodules of M with NcP. If N is
essential in P, then N is quasi-invertible relative to P.

Theorem (3.10): Let M be a multiplication R-module with prime
annihilator in R. Then thc following statements are equivalent.
(1).M is extending module
(2).M is strongly quasi-monoform module.
(3).M is rationally extending module.

Proof: (1) =(2): follows from proposition (3.9).

. (2) =(3): follows from theorem (3.7).
' (3) =(l): It is clear.

Corotlarv (3.11): Let M be a faithful multiplication module over an

integral domain R. Then the following are equivalent.
(1).M is extending module
(2). M is strongly quasi-monoform module.
(3).M is rationally extending module

In the following we consider another type of conditions under which
strongly quasi-monoform module being rationally extending.
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Theorem (3.12): Let M be an R-module which is injective relative to
all their direct summands.Then M is strongly quasi-monoform module
if and only if M is rationally extending.

Proof: Assume that M is strongly quasi-monoform module and N be a
submodule of M. Then there is a direct summand P of M such that N is
quasi-invertible relative to the submodule P of M with NcP. Since M is
injective relative to P, so by proposition (1.1), for each rt1€P, m2€M
with m2 + 0, there exists re R such that m1 reN and rr,2t # 0. This
property is a more general of that N is rational in P, and hence M is
rationally extending module. The converse is obvious.

Corollarv (3.13): Let M be quasi-injective R-module. Then M is

strongly quasi-monoform if and only if M is rationally extending
module.
Note that Z-module Z r- is quasi-injective which is neither rationally

extending nor strongly quasi-monoform
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In this paper, theorems those deal with the sufficient conditions for the quasi-
controllability of the mild solution to the semilinear initial-value control problems in
appropriate quasi-Banach spaces are introduced and proved, by using strongly
continuous semigroup theory and some techniques of nonlinear functional analysis,
such as, fixed point theorem and quasi-Banach contraction principle theorem.

l.Introduction
control theory in infinite-dimensional spaces is a relatively new field

and started blooming only after a well-developed semigroup theory was
at hand. Therefore this subject has been interested by many authors.
Joshi and Ganesh [1] presented the sufficient conditions which are
guarantee the existence of optimal control for some nonlinear control
system in Banach space by using semigroup approach. The
controllability of semilinear system by employing tools of monotone
operator theory and contraction mapping principle introduced in [2]. A1-
Moosawy [3] discussed the controllability and optimality of the mild
solution for some semilinear initial and boundary control problems in
arbitrary Banach spaces, by using semigroup theory and Banach
contraction principle theorem. From all the above we find a reasonable
jristification to accomplish the study of this paper.
Every Banach space is quasi-Banach space, but the converse is not true
(see, note 2.1 andTh.2.l). Thus the aim of this paper is to prove that the
semilinear initial-value optimal control problems in suitable quasi-
Banach spaces are quasi-controllable by using semigroup theory and
quasi-Banach contraction principle theorem.

2. Definitions and Theorems
This section contains sorne definitions and theorems that will be used

in the sequel.
Definition 2.ll4l. Let 0 < p <oo. Then the collection of all measurable

function f for which l/l' it integrable will be denoted by LoQ).For
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each f e Lo(a), let ll fll,=Ofl'apl"'. The number ll/ll,is called

the Lo-norm of f.
Note 2.1 [S,Note 2.1 and Rem ark2.2l. The space to(D for 0 < p <l ,

is a vector space, but not a normed space (thus not a Banach space).

Definition 2.2 15,61. A real-valued function ,ll'll Aenned on a vector

space V over a field F is called a quasi-norm if it satisfies the following
properties :

r. 
,ll 

,ll 
= 

o Yx ev

,llo *ll = lrl,ll x ll vx ev,a e F ;

and ,llrll=o<>x=o; 2.

3. There exists a constant c > I such that

,ll, * yll <'( 
,ll 

,ll*,llylll Yx,y ev .

The pair (V, 
nl.ll I it called a quasi-normed space, we say simply that V

is quasi-normed space.

Definition 2.3. For f e Lo@),0 < p < l, let us define the quasi-norm of

/ which is denoted bv,llf llas follow'',ll/ll=llrll; =Jl fl'ap, where

llf ll,as defined in def.2.1.

Definition 2.4.Let (V, 
oll'll I U. a quasi-normed space, then

(a) Asequence {r,} in Zis called convergentto the limit xez if, for

e ) 0, there exists a positive integer 1V(a) such that

,ll*,-rll., Yn>N (or ,ll*,-rll-0as n+- );(b)Asequence {

x,,) in Zis called a Cauchy sequence if, for a > 0, lN(e)>0 such that

nll*,, - *,ll. t vn,m> N (or ,ll*,-a ll-+ 0 as n,m -+@ ); (c) v is

called a complete quasi-normed space (or quasi-Banach space) iff every
Cauchy sequence in Z is convergent.

Theorem 2.115, Th.2.61. The space Lp(p) for 0< p <1, with the

quasi-norm given in def. 2.3 is a quasi-Banach space.

Definition 2.5. Let T be a mapping of a quasi-normed space X into
itself, then 7 is called a quasi-contraction mapping if there exists a

constant k,o<t <l such that 
,ll 

T(x)-r@ll<k ,ll*- yll Yx,y ex .

Remark 2,1. h is clear from the above definition that every quasi-

contraction mapping is uniformly continuous.
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Theorem 2.2. Every quasi-contraction mapping z defined on a quasi-
Banach space x=LoGt) for 0<p<1, into itself has a unique fixed
point x. e x. Moreover, if xo is any point in x andthe sequence { x, }
is defined by
x, - T (xo),x2 : T (xr),... fi , = T (x,_r), then lim x, = x' and

,ll*,-r- ll= @k' /t- k),llxr- xoll,where c>t is a

(2.r)
P-roof. (Here we use the same approach that used in Banach contraction
principle theorem [7] when X is a quasi-Banach space not Banach
space).

l.Existence of a fixed point : Let xo be an arbitrary point in x, and we

define x, : T(xo),x2 : T(xr),...ln - T(x,_r),... Then xn = T' (xo) for z=
1,2,".
lf m> n,say m: n+ d, d =I,2,..., then,

,ll 
*,., - 4, ll - ,llT'.0 

(*o) - T' (*)ll - ,llr {r".*' (ro )) - 7(r^' (x, )) ll

=k,llT"*"(xo)-7n-t(r,)ll lr is a quasi-

contraction mapping].
Continuing this process n - ltimes, we have

,ll**o - r, ll = 
t " 

,llTo @r) - xoll for n=0,1,2,..., and all d.

(?.21

However,

,llr' *r- r, ll =, llr 
o *, - To-' *o + To-' xo - To-' *o + T'-' xo+ . . . + z r, - 4 ll

≦ε(,|lr′為
_r′J為

|卜91rl・為
―rノ
ー2xOI+…

+911r為 ―為 |,

where c>1 is a constant. Since Tdxo=To-'*r,To-' =Td-'xr,...dxo=x,
then:

911rtち
― 光甜
≦ ε(911r′

4石
一 r′
J為
|卜,lr′

~2為 _rノ~2為
|十
…。+夕
1為
一
為 |)。

By equation(2.2) we see that

,ll*,.0 - 4, ll 
< ck'lko-' ,llr, - r, ll* k'-' ,llx, - xoll*. . .*,llr, - r, lll.
lck',llr, -x, lltt +k+k'+...+k'-'+ko +" 'l as k>o

ir r, : 
nll*'*'-" ll 

3"k'ollxt-xolllttt-tc1'

@

as \k^ is a geometric series with comn'ron ratio k, O<k<\, and the
m=0

first term l.

constant
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As η,″ =η +グ→∞,■om(2.3),we see th試 91為"グ
ーχ″‖→0,i・ e.,(毛 7

}iS a Cauchy sequence in the quasi…
Banach space χ(see,de■ 2.4(b)).

Thus by Theorein 2.l and deflnition 2.4(c),we get that{χ″)must be

convergent say I曳 為=χ・。Since r is unifOrmly∞ninuous,in vLw of

remark 2.1,we hⅣ e rχ
*=r(搬χ″)=短r(り =魁為J卜y the

deflnition of{χ″},χ″+l=r(χ″)].

。rrガ =χ
・
[the limit of{χ″J}iS the same of{χ"}]・

Thus,χ
tt is a flxed

point of■

2.Uniqueness ofthe flxed point.

Let rχ
キ
=χ
*and rχ
l=ゴ h01d,then the inequality

9‖

χ°一χll=917χ
°一ル||≦た91χ

・―パ|,0≦た<1,easiけ impltS th江

91χ

キ
ーχll=O and so χ

Ⅲ
=χi almost everywhere(a.e).That iS r has at

most one flxed point。 ■

DerlnitiOn 2。 6。 A family 7(′ ),0≦ ′<∞ of bOunded linear operators on

a quasi‐Banach space χ is called a(one_parameter)semigrOup on χ ifit

satisfles the following conditions:

1.=0)=I(I iS the identity operator on χ)
2.at+S)=at)as),for each t,s≧ 0.

Deflnition 2。 7.The inflnitesimal generator A ofthe semigroup at)on a

quasi―]Banach spaceノ ris deflned by Aχ ==Iョ9(1/′ )(r(′ )χ
_χ),Where the

limit e対 sts and the domain of A is D(A)={χ ∈χ:I器 (1/′ )(7(′ )χ―χ)

exists)。

Derlnition 2.8.A semigroup r(′),o≦ ′く∞ Of bOunded linear operator

On a quasi‐ Banach spaceジF is said to be strongly continuous senligroup

(Or Co‐ Semigroup)f

91r(′
)為 ―χl→ O as′ → 0+for dl χ

∈χ .

For rnore details about senligroup and CO― senligroup on a lBanach space

Seeド ,朗・

3。 Quasi‐COntrollability

ln this section we will study the existence theorems of the quasi―

contronability Ofthe rnild solution to the senlilinear initial― value control

problems in appropriate quasi―]Banach spaces, by using sernigroup

theory and quasi― ]Banach contraction principlo theorem.

3。 l Problem Formulation(1).
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Let χ =ち (μ)fOr O<′ <l be a real quasi_Banach space with quasi―
norin deflned in deflnitiOn 2.3,andび be a real quasi‐]Banach space with
quasi― norm 91・ |.And we cOnsider the semilinear Optimal cOntrol
problem in inflnite dilnensional state space:

力
(′)=Aχ (′)+Bν (′)+〃(′,Ⅳ (′ ,χ (′)))a.e in」 =[o,b],With χ(0)=χ。。
(3.1)                                                        .

Where the linear OperatOr A:D(A)⊂ χ _→ χ is the ininitesimal
generator of a C6-semigroup defined by T(t),t )0, and there
exおts a cOnstant M>O such th江

91r(酬
≦ν・B:び→χ is a linear

bounded OperttOr,91BI≦ ε,Where c tt a constant,md the cOntrd

funcIOnグ
(。 )∈為(」 ,しり,0く′くl a quad― Banach space Of admissible

control■nctiOns.AIso,kt a={χ ∈χ
Llχ l≦
r forsome r>0}.

In order that problem(3.1)makes sense,throughOut the paper we

葛椛鞣冊卵輩鯖鰐リミχが狙面∝Hぃぬ池∞dH∞
on the second argument ,|ダ

(′,■ )一Ⅳ(′,為洲≦″Ъ夕牌―ろ|,where ν2
il a COnstant and■ ,為 ∈二..

(b)The nOnlinear OperttOr」″:J×χ _→χ is cOntinuOus and there
exists a cOnstants」に,ィ3 SuCh that for aH為 ,も ∈二.we have

,牌
7(′,A【′?石 )一 〃 (′,Ⅳ (′,為 洲 ≦ z夕 IⅣ(′ ,為 )一 Ⅳ (′ ,ち 洲
≦名49牌 ―為|,
md 4=環ax,|〃

(′,Ⅳ (′,0)洲 .

3。2 Quasi… controllability Result Of Problem(3.1).

It should be nOted thattO deflne and flnd the nlild s01ution tO problem

(3.1).Lct χo∈ χ be the s01utiOn of problem(3.1)。 Since r(′
),′ ≧O is

the CO_semigroup generated by the linear Operator A,then by[3,remark

(1,11)]we have that r(′ )χ is differentiable.That implies thё りFvalue

押nC●On F(s)=r(′ _s)χ(s)お dffereniaЫ eおr o<sく′,and
C/株 )F(s)=r(′ ―s)(グ /株)χ(S)十χ(s)(グ /滅うr(′ _s),
by using(3.1)and[3,Remarks(1.H(5))]we get that

(″/株)F(S)=r(′ ― s)[Иχ(s)+Bν(s)+〃 (s,Ⅳ(S,χ(S)))]十 χ(s)[―И賓 ′― S)]
=7(′ TS)B″(S)十 r(′ ― s)″(s,AKs,χ(S)))

(3.2)

No、ら by integrating(3.2)from O to t,we have

|
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F(t) -r(0) - IT(t- s)Bz(s) d, +'171t- s)H(s,N(s,x(s)))ds
60

By definition of the semigroup, we have f(0)= I , and by definition of

above function F(s) we get that
1l

x(t) = T (t)xo +!T (t - s)Bz(s) ds + IT (t - s)11(s, N(s, x(s)))ds
g0

(3.3)
io a.cording to equation (3.3), the following definition has been

presented.

Definition 3.1. A continuous function x(.)ex (real quasi-Banach

space) given by equation (3.3) will be called a mild solution to the

remilinear initial-value control problem (3' 1)'

Definition 3.2. The system (3.1) is said to be quasi-controllable on the

interval I -l},bf if for every xo,xt e X ' there exists a control

u() e Lp(J,U) for 0 < p <1, such that the mild solution x(r) defined by

(3.3) satisting x(b) - 1'.

Theorem 3.1. Consider the semilinear optimal control problem (3'1)

*(/) = Ax(r) +Bu(t)+ H(t,N(/,x('))) a'e in J:10' bl' with x(0) = xo'

with hypothesis (a) and (b)' Assume further that

(c) Define linear continuous operator w from Lp(J,U), 0 < p < 1, into X

as follows, wt =o!r(U - s)Bu(s)ds, and suppose that for every
0

u(')eLe(J,U),0<p<Ithereexistsaconstantk>0suchthat
rc ,llull<,llwull.
Note 3.1. From the above condition (c) and [5, Prop. 2.| and Th. 4.1

(g)] we see that the inverse operator of w exists and is continuous

(bounded). i.e., the operator w-' :Rangw-) Le(J,U)'0< p <1' defined

by *-t(wu(t))-u(t) exists and there exists a constant kr>0 such that

,ll,,-'ll= 
o,

ioi ,,u 
nll*oll+ 

t\ + t4 + bcc,Mtc,t,ll''ll +t't ,llxll+ h@, t c'c,)) + 4) < 
' '

where

h - b c,,c zMM rM rt, 14 : bc rc rMM r, 4 = bc tMM'M'r'a\d c' 2 l' i = l'2'3

are constants.

(e) Let d.=cabMMrMr*cob'MzckrMrMre[0'1) where co)l is a

constant.
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Then the system (3.1) is quasi-controllable on -I.
Proof. By using definition (3.2) and equation (3.3) we get that

bb

i r, = x(b) - T (b)xo + ! T (b - s)Bz(s) ds + ! r @ - s)fI(s, N(s, x(s)))ds .

Condition (c) leads to x, =T(b)xo +wu *ifp-s)I1(s,N(s,x(s)))ds.
0

Therefore,
b

w.t = x, -T(b)x, - [r(U - 
s)11(s,N(s,x(s)))ds.

By note 3.1, we have that
u(t) =w-t (wu(t))

= w' (x, - T (b) x, - i, fu- s)F1 (s, .A/(s, x(s) ))ds) (r)
0

(3.4) Now, let Q=C(J,B,) (the space of all continuous functions
defined from -I into B,), then by using the control u(t) defined by
equation (3.4) and the definition of the mild solution (3.3), we shall
show that the operator O defined by

lt
Ox(r) - T (t)xo + [ T (t - s).I/(s, tr/(s, x(s)))ds + ! r Q - s) Bw-t (x, - T (b)x,

00
I

- Ir@ - ilH(n,N(\,x(\))pr,)(s)ds,
0

(3.5)
has a unique fixed point.
First, we show that O map a into itself. For r € Q we have

B,={xeX:rllrll<.}, then x(t)e4, one has to show ttrat ,llQx(t)ll<,
for some r > 0. From (3.5) and definition (2.2), we get that

,lloxlt)l<c,7,llr1t1ll ,llr,ll *'! ,llr{t-r)l ,llrurs,N(s,x(s)))-H(s,N(s,0))
,o

す
んKS'Ⅳ(S'0)】1株 十

1夕
lr(′
―S洲
91BI夕 |″
HI+(9牌

ll・91r(b洲 91為|+
b

fullr 
O - r)ll,llH (r,, N (r1, x(4 ))) - H (r,, I,{ (r,,0))

+ H(r,,N(q,O))fdr)(s)atslwhera ct) I be a constant.

since,llB 
ll 
< 

", ,llrfr)l 
< M , then by note 3.1, we get that

, llo x1r;ll < 
", 

lM,ll x ll +'[M (c,(, lln1s, l,r(s, r(s))) - r/(s, N(s,0)ll +

+91〃(島Ⅳ(亀0)》潜+IЙちQI祐 |+ノタlχOI+|ン(ε3(
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9牌
7(4,A【4,χ(4)))一 〃 α ,ⅣO,0))|+71″ (ら N(石 ,0)】 1生 )(S)あ ],Where

θ2≧ l and c3≧ l be a constantso Condition(b)giVeS

91Φ
χ(′洲≦ら[ν 9牌0‖ +lν (σ2(νlν2ル (S洲 +4)励

lЙ
ttt肝ll+ν 9レ01+lν03(`49牌 (4洲 +4》″)(S)お ]

Since x e 8,, then ,llr ll = 
r and then

+ゎσqν 2た
9卜%|+ら

2ε
qらν2■44tr十ら

2cqε
3M24ち

By condition(d)we See that

?IΦ
χ(′洲≦らν9卜。|+れ +乃2+bσq几

“
t(9牌11+νィト01

+t(ε 3/(qε 2))+れ )≦″,and this implies that Φχ(′ )∈ Q,therefore Φ

map Q intO itsel■

Second,we have to show that O is a quasi― contraction mapping,lor

χ
l(′),ろ (′ )∈ Q and by deinition of Φχ(′)in(3.5)we getthat

夕IΦχ釧≦qν 91為 |+bqσ2幽4r+わqε2″3+bqθ24 9牌 1‖

夕‖
Φ χ
l(′)一 Φ χ2(′洲 =夕 lr(′ )χO+∫ r(′

― Sン7(S,AKS,χ l(S)))躊 +
0

BИ戸(χl― r(b)為一∫r(b-4)〃 (4,N(4,χl(4))ソ嬌)泳―r(′ )χ0
0

-ir(′ ―s)〃 (S,Ⅳ (S,χ2(5))ンーir(′―s)Bプ
lQ―
r(b)為

0                                            0

-ir(b-4)″(4,Ⅳ(4,χ2(4))n)Jsl.Then
0

ollor, (r) - oxr(r)ll
′

判 9FC到 9旧仁聰 0-聰 聰 ろ③別法+ぱ0到

洲到″版
ヨ
(9Fψ¶ ″に 牛Щら綱 D―

Ц ttЩ年為Q漱 刈
Where C4≧ l iS a constant.By conditions(b)and(C),We have that

夕IΦχl(′)一Φχ2(′洲

≦ら1幽 lン2ル:③
~為
←粋 +レ tC幽 lν2ル:に )~為に経 刈

0      0

≦ ε4らZに
・
イ29牌 (′ )一 ろ (酬 十 QbMCk2(bν

`ν

2)9牌 (′ )一 為 (酬

=(abルM4+ψ 2ν2aちル4ルら)9牌 1(′ )一χ2釧 =グ9牌1(′)一χ2(′洲卜y
condition(C)].

∫r (′―S)
0
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Therefore Φ is a quasi_contraction mapping(see,def2.5)and hence by

theorem (2.2), there exists a unique flxed point χ∈Q suCh that
Φχ
(′)=χ(′ ),thus any flxed point of Φ is a mild s01ution of(3.1)on 4

which satisfles χ(b)=χl.Hence the system is a quasi‐ controllable on

工■

3。2 Problelm For】mulation(2).

Let the quasi― Banach spaces χ andび are deflned as in problem(3.1),
and cOnsider the senlilinear Optimal cOntrol problem in inflnite

dirnensional state space:

(グ /″)(χ (′)+G(′ ,χ (′)))=Aχ (′)+Bν (′)+〃 (′,Ⅳ(′ ,χ (′))) aoe  in
J=[0,ら],           with           χ(o)=為 。

(3.6)where the linear Operators A, B and the control functiOn
グ
(。)∈ち(J,しり,0<´くl with Br are deined as in problem(3。 1)。 we
assume with hypothesis(a)and(b)the f0110wing condition

(O The nOnlinear operator c:J× X″―→χ satisfles Lipschitz cOndition
on the second argument,and for all為

,ろ ca,で 1,イ2>0'We have:

夕lg(′
,■ )一 g(r,為 洲 |で 19L― X21 and′ 2=maX91g(′ ,0洲・

Theorem 3。2.Consider the semilinear Optimal cOntrol problem(3.6)
with hyp9theSiS(→ ,(b)and(0。 Assume ftltther that

(g)There e瀬 sts a positive functiOn 元∈ム(o,b) SuCh that

夕IИ
r(′)||≦ノ1(′)a.e ′c(0,ι )。 And there exists a constant た1>0, such

that∫元(′)″≦れ。
0

(h)Deine a linear cOntinuots Operator w as in(C),With nOte 3.1.

On)qν 9脇 |十 qノ唯 +qL(1+り十ろルにσ2り,hl十ν9LI
十」惚‰ 十ι191hl十 で2   +れ ム +れ ]十 σlれ ≦r,Where れ =ィ 191χOI+′ 2'

た=で lr+イ 2'れ =ん7(名』ィ2″ +/3)and ε′≧1,J=1,2 are constants.
(n)Letグ =らで1+らで1れ 十ら睦 c3ち (イ 1ム ーbtt.M2)+ららノИ%滋ら suCh
thatグ ∈[o,1),Where σ3≧ l iS a cOnstant.

Then the system is a quasi― contronable on J

Proo■ Tle pr00fOftheorem 3.2,is similar to the proof Oftheorem 3.1,

where a functiOn χ:[o,ら ]→ χ deined by

χ
(′)=r(′ )ち 十r(′)3(o,χ)一 C(′ ,χ (′)+∫ r(′ _S)Bν(S)`お一

0

lG(s,χ (s))Ar(′ ―s)株 +ir(′ ―s)〃 (S,ハ
r(S,χ
(S))漁 ,

0                    0
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is a mild solution to the semilinear initial-value control problem (3.6).

And the system (3.6) is a quasi-controllable on -I if for every xo, xt e X
there exists a control u(')eLt,(J,U),0<p<l such that the mild

solution satis$ x(b) - v,.

3.3 Application.

The Leslie Model [5] is a powerful tool which uses matrices to

determine the growth of a population as well as the age distribution

within a population over certain time interval.

Definition 3.3 tsl. An infinite matrix 1ar)? whose elements satisff

lF,, i=land i=1,2,...
I

o, =1P,, i =2,3,...,and i = i -1,

[0, otherwisee.

Where 4 > 0 is the average reproduction of females in the i-th age

class, and 0 < P, <1 is the survival rate of a females in the i-th age class,

is called an infinite dimensional Leslie matrix.

Here we consider a matrix (ai)i whose elements are functions in the

quasi-Banach space L e for 0 < p <l (this matrix has positive real

eigenvalue and eignvector colresponding to this eigenvalue [5, Th'4'5])'

Now, define the linear integral equation in /(s) as follows:
b

,f(r)=\X1s,tyy1t)dt, where K(s,r) is a positive continuous function

defined for ass,/sb,suchtrrat ii[1 s,t1lo dsdt<o for 0<p<l'

Since the elements of a matrix 1ar)T are functions

Banach space Lp for 0<p<1, then 1ar)? t5]

operator T : Lo 1L, defined bY A = g, r.e.,

in the infinite quasi-

determines a linear

7(S)=g(S)=∫κ(S,′ )/(`)清

(3.7)

Now,let χ=υ =ち for O<′ <l be a

7・ ==(α ly)F

real quasi-Banach spaces, and

consider the optimal control problem (3.1), where ,a=@r)i infinite

dimensional Leslie matrix, B is a matrix whose elements are functions

in the quasi-Banach space Lp,O < p <1, and assume that the operator H

in (3.1) is the zero oPerator.

where
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Then a matrix A=(au)i defines a bounded (compact) linear operator
T : L, ) L, for 0 < p <1, where Z defined as in (3.7)[5, Th.4.2 and
Th.4.3]. By the same way we see that the operator B is bounded.
Thus the operator A is the infinitesimal generator of & Cs-Semigroup

defined by T(t) = e* =;'+, t ) O,which is bounded t9].
i-=o kl

Therefore, it is not difficult to check that all assumptions of theorem
3.1, are satisfied for the above problem.

4. Conclusion
.The space Lo is a Banach space for 13p<oo [4], while it is not a

Banach space for 0 < p <1 (note 2.r). rnthis paper we extend the study
of controllability for control problems in the spaces of this kind Lo,
0 < p < 1. Thus the notions of a quasi-Banach contraction principle
theorem and strongly continuous semigrorrp is introduced for this space,
and used it to prove theorems deals with the quasi-controllability for the
control problems in the space Lp,O < p <1.
Future work

The quasi-observability and optimality for the problems (3.1) and
(3.6) may be considered.
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ABSTRACT
Many sequencing proし lems have a combinatorial nature and they are very

difflCult to optimality within acceptable computation times.

We condder the probLm of scheduHng jobs on a gngL machine to minimtte the

multiple ottect市 e function,the sum of ma対 mum earliness and ma対 mum tardiness

(iΣ (EmⅨ +孔ax))。 The jobs pa面●oned htoね mnLs,and a set―up umeぉ

necessary for schcduling the frstjob and whcn thcre is aswitch in proccssing jobs

fromonefamilytojobsofanotherfamily.

For solving this problenl we dcrivcd a lower bound to be uscd in a branch and

bound algorithm.We also proposed heuristic rnethod in order to get an upper bound

(near Optimal solution).

Thesc hcuristic method is fastё r to solvc our problcm and can flnd quite good

solutions without much cottputational effort. From our computational experience

we found that the branch and bound algorithm solve problcms up to 30 jobs with

families 2,4,6 satisfactory.

INTRODUCTION
Consider a production to order systeln in which the product

range can be decomposed to a number of product farnilie,. ]BCtWeen

productions of orders for products belonging to the same family alrnost

no setup is required,whereas a serious setup is incurred betweOn orders

for produCts be10nging to different falnilies. Hence for reasons of

efflciency,we prefer to continue with orders for products belonging to

the same fanlily as long as poSsibleo However the need to flnish order as

class as possible to their required due date may conflict with the

efflciency o● ect市eo ln general a tradeoff has to be made between

efflciency on the one hand and a high degree of customer service on the

other hand[1].
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we consider a single machine production system in which production

is to order. Jobs are"character\zedby their type (the family they belong

to) and their due date. we assume that jobs of the same family have the

same setup time. Each time we start producing- jobs of a type different

from the one just completed, a setup is required' Jobs finished too early

must be kept in stock until their due date'

Manypractical-schedulingproblemsinvolvesequencingnumber
ofjobs aiuiaea into several families, by a machine set-up times' Most of

these problems are NP-hard, even without set-up times and thus are

difficult to solve to optimality. various scheduling problems in

manufacturing and service organizations can be formulated as single

facility problems with job classes (families). For example, Bruno and

Oo*n.i [3], Monma and Potts [4]and Chen[5].described a computer

system" appiication , in which computer jolr requires different

compilers. A set-up is not incuned if the next job requires a compiler

that is already resiient in memory . However , if the next job requires a

non-resident compiler, a set-up time that depnds only on the time

needed to load the new compilir is incurred[6]. Little work have been

done on scheduling problems involve multiple objectives with and

without set-up tim-es. Abdul-Razaq and Potts[7] Moghaddam and

Moslehi [8] , discussed a scheduling problem without set-up times to

minimize the total cost of earliness and tardiness' Van-Wassenhove and

Gelders [10] discussed a scheduling problem without set-up times to

minimize the sum of completion time and the maximum tardiness'

where the objective is to minimize two different criteria' These two

criteria are minimization of the total completion times and the

minimization of the maximum tardiness, where the two objects are

equally important. Bayati presented a branch and bound (BAB)

atioriifrm for the problem oi minimizing the sum of completion time

and the maximum tardiness with set-up time tl l]' Exact and

approximation algorithms, fo1 the same problem is developed by

liZ1.eott, and Klvalyov [13] give a good survey on models that

integrate scheduling with batching decisions'

The well known lnethods for solving these NP-hard problems are

branch and bound (BAB) and dynamic programming (DP). But these

enumeration methoi, .uy be unable to solve a large size problems' In

such case, heuristic methods are used to find approximate (near optimal)

solutions with acceptable running times. There is clearly a trade-off

between the compuiational investment in obtaining a solution and the

quality of that solution [2].
In this paper *. *ill-rse the BAB method to solve the problem of

scheduling number of jobs n (N: {1,...,n}) on a single machine where

the machine can pro..r, only one job at a time , and is permanently
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available at time zero, no idle time is permitted, no preemption of jobs
is allowed and all the jobs are initially available. The jobs are divided
into several families a set up time for a job from family f if it is the first
job in the schedule, or if it is scheduled immediately after a job from a
different family. The machine can not perform any processing while
undergoing a set-up.
Each family f, for f=1,... , F contains ni jobs . A job i in the f-th family
can be denoted as (i,f), each job (i,0, (i:l,...,nr, Fl,...,F) has a
processing time pi1 and due date dir . The problem is to find a feasible
schedule with minimum sum of maximurn ealiness and maximum
tardiness with set-up time (E"u* + 4,,"*) The problem, denoted as

llSrlE,u*+4"*, is known Np-hard in the strong sence since the special

case l/lE,nu*+f". is Np-hard [8]. In order to solve this problem we shall

derive a lower bound to be used in the BAB method to get exact
solution, also we shall use heuristic methods to find near optimal
solutions.

Problem Formulation
The scheduling groups of jobs on a single machine problem can be

described as follows: we are given N jobs that are divided into families.
Each family f, for I <f < F,contains n1 jobs. Some times it is more
convenient to refer to job(i,f),which is the ith job in family f, for 1< i <
nr .All jobs are available for processing at time zero, and are to be
scheduled on a single machine. We let p1;denote the processing time of
job (i,f),and d11 is its due date .A machine set-up time 51 is incurred
whenever a job in family f is processed immediately after a job in a
different family . Aiso, a set-up time Sp is required for processing the
first job in the schedule.

Given a processing order of the jobs, earliness time
Er=max{dr-c,r,0} and tardiness {r:mfx{cn-d,r,O} ofjob (i,f) can be

computed. Our object is to find a sequence with afl associated
c6mpletion time C11 for each job (i, f) that minimizes the multiple
objective function, the sum of maximum earliness and maximum
tardiness(E*,.+4"") . This problem denoted by (P) can be stated as

follows:
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Z=iヽイ′η{二nax(σ)+孔が(σ))

s.′ .

′=1,… ,4ブ ,/=1,・・.,F

J=1,...,り ,/=1,… ,F

Manal

Eσ
(′ )/≧
0

■(′ )ノ ≧0
P)

鳥←)/≧ 先(1)/―θ∝rp/ J=1"¨ ,竹,/=1"… ,F

■0ノ ≧θ4ヴ
~ら。)′  ′=l"¨ ,竹 ,/=l"¨,F

Where o is a schedule, o: (o (l),"' , o (

all feasible schedules .

nr)), oeS and S is the set of

Derivation of lower Bound (LB)
Deriving a lower bound for a problem that has a multiple objective

function is-very difficult since it is not easy to find a sequence that give

the minimum for the two objectives. Since our problem is NP-hard

(even without set-up times) we may find a sequence that givgs

minimum value for one of them but not both. The problem (P) can be

decomposed into two subproblems (Pr) and (Pz)

/1=ルク″{Emax(σ)}

sJ.

Eσ
(′ )ノ
≧0

Eσ
(′ )/≧
グσ(′ )/― εσ(1)ノ

/2=И
“
{孔鉢(σ)}

s″ .

■(,)/≧ 0

■。/≧θ
“
′)/―ち0)/

A lower bound procedure for subproblem (Pr) and (P2)

Let S be a set of all feasible schedules, then for any schedule o e S

and for any job (i,0, i: 1,...,or, Fl,..',F, Eo(r)r 2dotirr -co(i)r ' First

we shall construct the lower bound LBl,for (Pr) by relaxing the set-up

time such that Eir is as small as possible (i:l,"',or, Fl,"',F) ' To

relax the subproblem (P1), let Sr:0, sequence the jobs by MST rule, that

is, in non-decreasing order of di-Pi, then LB 1 
: E,nu* (o) '

Second the lower bound LBz, for (Pz) is obtained by using EDD rule'

To relax the subprolem (P2), let Sr:0, sequence the jobs by EDD rule,

that is, in non-deireasing order of d; , then LB2 : T-"* (o) . Then a lower

bound LB for problem (P) is obtained LB : LBr+LB2'

巧
一
　
　
ヴ
疇

鳳
日
　
　
〓‐，・．．，
咸
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Heuristic Method
' It is well known that the computation can be reduced by using a

heuristic to act as an upper bound on the optimal solution piio. to itre
application of branch and bound method. Since ou, problem
I / s r / E^* + (* is NP-hard and hence the existence of a polynomial time
algorithm for finding an nptimal solution is unlikely.
Therefore, developing fast heui.istic algorithmr yi.tding near optimal
solution is of great interest.
For our problem we proposed heuristic method, the minimum value is
used to provide an upper bound (UB).
The heuristic method (uB) is obtained by applying the following steps:

Step (1): Sequencing the jobs by EDD ruie , that is , in non-decreasing
order of their due date . For this sequence we calculate the sum of
maximum earliness and tardiness
fJBt = E^,*(o)+T^^*(o)

step (2): sequencing the jobs by MST rule , that is , in non-decreasing
order of their dr-pi. For this sequence we calculate the sum of maximum
earliness and tardiness
UBz=E,"-(o) +T_u*(o)

Then upper bound (uB) for problem (p) is the minimum of uB1 and
UB2

Branch and Bound Algorithm (BAB)
Branch and Bound (BAB) method is an enumeration technique for

solving many types of combinatorial problems. This method was first
applied to scheduling problems by Lomnicki U4l and Ignall and
schrage [15] , which can find an optimal solution by systematically
eiamining subsets of feasible solutions The proc.ari. is usually
described by means of search tree with nodes tha-t correspond to these
subsets. From each node for a partially complete solution iher. grows a
number of new branches which replace the original one by set of new
smaller problems that are mutually exclusive. We have two common
types of branching: The forward branching, that is, the jobs are
sequenced one by one from the beginning, and the backward branching,
that is, the jobs are sequenced one by one from the end. To minimize in
objective function v, for a particular scheduling problem, the BAB
method successively partitions the problem into subsets by using a
branching procedure and computes bound by using a lower bounding
procedure. And by these procedures we excludes the subsets which are
found not to include any optimal solution, this eventually leads to at

..
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least one optimal solution. We now give a description of our branch

and bound (BAB) algorithm. The heuristic methods which are given in

section (a) is applied at the top of search tree to provide an upper bound

(UB) on the cost of optimal schedule. We can use the procedure

described in section (3.1) to compute the lower bound (LB).If the LB
for any node is greater than or equal to the current UB already

computed, then this node is discarded. Otherwise it may be selected for

our next branching. The (BAB) method continues in a similar way by

using a forward branching rule. If the branching ends at a complete

sequence of jobs then this sequence is evaluated and if its value is less

than the current (UB) this UB is reset to take that value. The procedure

is repeated until all nodes have been considered by using backtrack

procedure.

Computational experience
This section reports the results of computational tests to assess the

effectiveness of the branch and bound algorithm. The algorithms of
(BAB) are coded in (CPU 2.53GHZ,224lvIB computer) .Computations

abandoned for a test problem if a limit of (10000000) nodes is
exceeded.

Test problems with 10,15,20,25,30 jobs and with 2,4,6 families

were generated as follows: Jobs are distributed uniformly across

families so that each family contains [n/f ] or tr/f I jobs. The

processing times and setup times are randomly generated integers from

uniform distribution defined on [1,10].Since the size of setup times

relative to processing times may affect problem "hardness" ,we

generated problems with small (S),medium (M) and large(L) setup

times. Medium setup times are randomly generated integers from the

uniform distribution defined on [1, 10].Having generated an instances

with small setup times [S r /2] and with large setup times 25 i were

constructed. Having generated processing times and computed P:

F nr

)f n,, integer due dates were generated from the uniform
f=l i=1

distribution [aP,bP] ,where a and b are parameters that are define the

range and location of due dates relative to the period that the machine
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processes the jobs. Problem hardiness is likely to depend on how
dates are distributed .we generate problems for each contribution
and setup times .Ten test problems created ,this method of
generation follows the one given in Hariri and potts [16].
Comparative computational results

This section will report the results of our computational tests to
show the effectiveness of our branch and bound (BAB) algorithm.

Table (1) gives results for our branch and bound algorithm for,problem

llsr lE,,^*T^o.In Table (l) problems are taken for each contribution of

n with F-.?., 4,6.This table can be described as follows:- The first
column gives the number of jobs while the second column gives the

number of families .The third column describes the type of setup time

sr.The fourth column describes the average computation time in second

(ACT) and the fifth column gives the average of number nodes.

ｄｕｅ
ｏｆｎ
仙
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Table-1:Average n oftime(ACT),Average number of nodes(Ave.nod)for

1/Sr/Σ Em、十Tmぶ prObLm

Manal

N ・Ｆ Ｓ

一

ACT Ave.nod NSl NS2 NS3
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NS1: Number of nodes less than or equal 100 0.

NS2: Number of nodes more than 1000 andJess or equal to 50000 .

NS:: Number of nodes more than 50000.
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It is clear from table (l) the average computation time and number of
nodes increase as n increases. our computational experience with theBAB algorithm for the problem usr/E,n**T^o , we observe that the
algorithm appears capable of solving problem with up to 30 jobs
satisfactory for the problem 1/Sr /E^ *4.o*
This paper has developed optinral solution procedure for machine
scheduling problem minimize (E^,. +4,"*) with setup time This
problem is considered Np-hard even without set-up times .
we proposed a branch and bound (BAB) algorithm to solve this

problem. This algorithm enables us to solve prIbl.-, up to 30 jobs
efficiently . we derived a lower bound based on the decomposition of
the problem.

our computational results show that the (BAB) algorithm is
satisfactory for solving small ,medium and large'sized pro-bl.* . we
propose heuristic method. This method is fastei to solve the problem,
and can find quite good solutions without much computational effort.
- scheduling problem which involve family setup times have both

theoretical interest and practical importance.
Furthermore , enumerative algorithm can be designed for other
problems with other objective functions.
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polynOrnials are incredibly useful mathematical t001s, because they are sirnply

deined,can be calculated quickly on cOmputer Systems and represent a tremendOus

vanety of力nc●Ons.They can be dffeКnlttted ald htegratcdご 五Jけ。 |

‐            INTRODUCTIoN         ′
New ttethods are always needed tO sOlve integral equatiOns because

no single methOd wOrks well fOr an such equatiOns there has been

considerable interest in solving differential and integral equatiOn using

techniques which involve Bernstein polynOnlials methOdo The integral

equatiOn is an equatiOn in which the unknown functiOn appear under the

integral sign.

The general form ofintegral equatiOn is g市 en by[1,2,3]:
α(χ)ッ (|)一∫た(χ ,′)ノ (′ )″ =/(χ)

Ω
… (1)

where a(x) , f(x) and the kernel k(x,t) are known
unknown function to be' determined. When Cl is
fa,xlg R.

If α(χ)=O fOr any χ,the 6quation(1)iS Called V01terra integral
equatiOn ofthe flrst kind:

/(χ)=∫たてχ,′)ッ(′江力                                    ..。 (2)
And if α(χ)≠ o equation(1)Called Volterra integral equation Of the
second kind,and can be wrltten as:

ッ(χ)=/(χ)十∫ル(χ ,′)ノ (′)″
There for the voltera integro-differential :quation define by 14,5):

… (3)
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ッ′(χ)=/(χ)+∫た(χ ,′)ツ (′ )`l′

ノ(α )=ッα

where the function/(χ )and the kernel

solution to be deterinined.

.… (4)

α≦χ≦ら

た(χ ,′)are knOWn and ッ(χ)iS the

In this paper, we introduce numerical method to solve the following

linear Volterra integro-differential equation by using Bernstein

polynomials method.

Bernstein Polynomials Method
Polynomials are incredibly useful mathematical tools as they are

simply iefined, can be calculated quickly on computer systems and

represent a tremendous variety of functions.

Th. B.*ttein polynomials of degree n are defined by [6,7]'

B" (t\ =(n)r' ,, - t\n-' for i = 0,1,2,...,, . . .(5)| ,,, [,]
where

[') = nt' . (n) is the degree of polynomials, (i) is the index of
[, .] 

- 
it(n - i)t )

polynomials and (0 is the variable.

The exponents on the (t) term increase by one as (i) increases, and the

exponents on the (1-t) term decrease by one as (i) increases.

The Bernstein polynomial of degree (n) can be defined by blending

together two Bernstein polynomials- of degree (n-1). That is, the n'h

degree Bernstein polynomial can be written as, [7].
Biu)=0-t)Bi-'O+Bi-i(t) "'(6)

Bernstein polynomials of degree (n) can be wriffen in terms of the

power basis. This can be directly calculated using the equation (5) and

the binomial theorem as follows, [7].

Bi' 1r1 =[;),-,, - t)'-r = i{-t)'-o (l)[;),
where the binomial theorem is used to expand (l - t)'-r .

The derivatives of the nth degree Bernstein polynomials ate

polynonlials of degree(n… 1)

チ
βf(′)=チ

 (I)′

ル
(1-′ )″
―力
=′レfII(′ )―

‐βf~1)  0≦ k≦ ″ … (7)

A Matrix Representation for Bernstein Polynomials
In many applications, a matrix formulation for the Bernstein

polynomials is useful. These are straight forward to develop if only

iooking at a linear combination in terms of dot products. Given a
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Step3:

Compute∫た(χ ,′ )[t・…tn]

Vol.22,No3,2011
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Siep4:
:  COttpute cO,θ

l,・
・・,ε″,Where χ′,J=1,2,3,… ,″ ,χ′Cレ,bl

End:

Numerical Exalllple:

Consider the f01lowing linear V01terra integro‐ differential equation of
the secOnd kind:

ノ(χ)=1+Sin(χ )+∫ッ(r)″
0

With initial conditiOn ッ(o)=-1, and With   the exact sOlution

ッ(χ)=:θ =-11…
1:COS(χ

)

Now to derive the solution by using the Bernstein polynonlials inethod,

we can use the following scheme:

When Bernstein polynomials algorithm is ttplied on the both sides in
eXampleo And choice the degree ofBernstein polynonlials n=2,we get:

一た誕一かれ0-→―れχ+リヨ雨<かルOo→ 2+名暉→+げ 2レ
0

Next

-26。 (1-χ )■ 261(1-―χ)・1261χ )■ 2θ 2χ =1+Sin(χ)t(26。
|(1-′
)2″ +2,11′ (1-′ンカ+θ21′

2α′
)

And after perfOrnling the integration.

-2誕―)名 -4clχ +2ノヨ薇く⇒―:%0-が +:けらノー:ゲ +:ゲ

← η 一か
:%。

一が 一

れ
+7o― ⇒ ―λ ―ノ +:ノ L IC2x―

ン
L… 弧 →

Then in order to deterrlline cO,θ
l 
αηグC2'We need three equation;
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Now choice x,,i=1,2 in the interval [0, l], ], with substation in the

initial condition in the equation y'(x)=-2aoQ-r)+ 2a,-4c,x+2crx which

gives three equations.
co =-l
-31 1 23c^ __c. +_J_6- =1.479424 " 6' 24'
-l 7 5c^ --c. +:c" =1.8415
JJJ

Solve the three equation by Gauss elimination to find the values
co.crand cr.To get

co =-l
cr = -0'5783
cz = 0'0953

Then the solution of linear Volterra integro-differential equation of the
second kind is:

y(x) = (co - 2c, + cr)x2 - 2((co - cr)x + co

by using Bernstein
l,3l
-e -- --cosrxt of4 42 "

error (L.S.E),

in Table(1) and

In This paper presents the use of the Bernstein polynomials
method, for solving linear Volterra integro-differential equation of the
second kind. From solving numerical example the following points have
been identified:
1. This method can be used to solve the all kinds of linear Volterra

inte gro-differential equati on.
2. It is clear that using the Bernstein polynomial basis function to

approximate when the nth degree of Bernstein polynomial is increases
the error is decreases.

3. We can see also from Figure(l) that the approximation is good. And
when comparisons approximation solution with exact solution that
the Bernstein polynomial method is very effective and convenient.

y(r) = 0.5219 x2 + 0.8434r - I

Approximated solution for some values of (x)

polynomials method and exact values y(x) =

Example, depending on least square

Error =f(/r,,",(x)- l,tppnoi,,,,,,(x))2 are presented
k=l

figure(1).
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Table -l : The results of Example u a hm。

X 駒 α
`′

ッ(χ )

Approxilnation

ッ(χ)

ofdegrec(n=1)

Approxilnation

ッ(χ)

ofdegrec(n=2)

0

0.1 -0.8998 -0.8317 ‐0。9131

0.2 ‐0.7987 ‐0.6634 ‐0。8212

0.3 ‐
0。 6958 ‐0.4951 -0.7243

0.4 ‐
0。 5903 -0.3268 -0。6223

0。5 ‐0。 4815 -0.1586 -0.5153

0.6 ‐0.3687 0.0097 -0。4033

0.7 -0.2514 0.1780 ‐0。2862

'0.8 -0.1290 0.3463 -0。 1641

0。9 -0.00083 0.5146 -0.0369

1 0。 1335 0.6829 0。0953

LoS.E

Errar=Σ (ッ fx.α (χ)―ッ″a加′″。″(χ))2
1=l

1.357912 0.010062

08

06

0.4

02

・ o

こ ‐0.2
ヽ

‐0.4

‐0.6

‐0.8

・ 1

‐1.2

+- Exacl . - r - - Approx (degree n=2) - r- Approx(degreer n=1 )

Figure-l :Approximation and Exact solution of linear Volterra integro-differential
equation of example

.:
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ABSTRACT
The cointegration tests of Phillips and Ouliaris(1) and Johanson(2) test the null
hypothesis of "No Cointegration". In the sequel, we are going to extend the unit root
testing procedure of Kwiatkowski et al(3) to test the null hypothesis of
"cointegration". The test is to be developed depending only on the number of
explanatory variables in the cointegrating regression. We tabulate asymptotic
critical values for the developed test.

INTRODUCTION
The various tests deveioped for testing cointegration have a null
hypothesis of "no cointegration". However, It seems useful to construct
a test of the null hypothesis of "Cointegration".
The importance of testing the null hypothesis of "Cointegration" can be
seen if we were building a model where the variables were believed, a
priori, to be cointegrated. The classic example of aggregate
consumption and income could be one such case. If we were to use the
standard Dickey-Fuller tests of the null hypothesis of cointegration, then
we are implicitly saying that we believe the variables are not
cointegrated unless the data can convincingly demonstrate otherwise.
Instead, we suggest a test of the null hypothesis of cointegration, so that
we will believe the'variables to be conintegrated unless the data can
strongly convince us otherwise. such approach may prove to be useful.
Not all applications of cointegration tests may Involve some "a priori"
beliefs on the presence or absence of cointegration. In such cases, one
p.rocedure could make use of test of both null hypotheses. If we accept
no cointegration and reject cointegration then there is strong evidence
for no cointegration. Similarly, if we reject no cointegration and accept
cointegration then there is strong evidence for cointegration. There is
also the possibility of two in conclusive results. If both null hypotheses
are rejected, then type I error may have occurred in one of the
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tests. If both null hypotheses are accepted, then at least one of the tests

is the victim of a tatk of power against the particular data generating

process.
This study can be considered as a generalization of Kwiatkowski,

Phillips, Schmidit, and Shin(3) (referred as KPSS), who proposed a unit

root iest with the null hypothesis of stationarity. Their model will be

extended to include explanatory variables, so that we can estimate a

cointegrating regression and test the null hypothesis of stationarity of

the residuals.
During the derivation of the proposed test, we find that the asymptotic

distribution of the test is a function of independent standard Brownian

motions, and is not dependent on any nuisance parameters' The only

variable in the distribution is the number of explanatory variables in the

cointegrating regression. Hence we construct tables of percentage points

of the distribution under different numbers of repressors for use as

critical values.
The Models

Tests for cointegration will be derived from the following two models:

Model one: Independent Random Walk(a)

Model one is a simple extension of the model used by KPSS for testing

unit roots,and is specifled as:

(h)=(h声 (減)(b声 (h)
Xt=Xt_1+Vt

pt: l,tt-r * wt (3)

Where y, is tire dependent variable, X1 iS a vector of k nonstationary

explanatory variables and p, is a random walk in the elror term of the

cointegrating regression (l). If we define 11 : [u1,V'1,w,]' to be a (k+2)

random ,r.rior, then we assume that rt is serially independent and

11- N1*2(0,1) where -

(1)

(2)

０
　
０
　
′
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(k■ 2ulk+2)

With this assumption or 11, we can consider x,

variables. Also the random walk component

independent of the white noise component'

as a set of exogenous
of the error term is
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If model one is the true⊆ ata generating 2rocess(DGP),then yt and xt

are not cointegrated, duc tO the presence of the randonl walk μt in
equation(⊃ .HOWever,if we could impose the restriction σ:=0,then
‖ WOuld C011apse to μO for an to That is,equation(D would be a

・           cointegrating regression with a constant and stationary error te■ 111.

Hence,testing the null hypotheds of σ:‐
‐O against the altemttive σ:>

O will test null hypothesis of cointegration against the alternat市 e of no

cointegration.

Repeated back substitution for μt_l in equation(lD leadS tO:

μl=μo+Wl
μ2=μl+W2=μO+Wl+W2
μ3=μ2+W2=μO+Wl+W2+W3

t

隣=μO十 Σ wk
k=1

'I         Subtitle the last result in equation延 ),We get          ,
t‐

Yt=μO十でtβo+Σ Wk十■      (4)
k=1

t

.      Ifwe deine∈ t=Σ wk+■,then
k=1

・              E(ct)=0
and

―          E(ci,∈ j)=E[(wl+"2+・ …+Wi+ui)(Wl+W2+。 …+■+Wi)]

‐        =iσ :   i<j
=j σ:        j<i
=i σ:十 σ『    i=j

.l         or more compactly as
i     E(∈ b∈j)=min(ij)6:    i≠ j

=iσ:+σ子      i=j
l          Now equati9n延 )can be written as a linear regression in matr破 form:

NT[0,

Ｙ
仰
　　　↑

= X
(TX(k

Ｉ

Ｊ

∈
Ｔｘ

＋

‐
　
　
　
０

Ｘ

　
　

　
　

　

／
１
ヽ

β
ｕ
　
当

し
へ
　
　
２
１

■
　
　
　
　
σ

where α=σ: /σ f and
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Ψ l(α)=α

=α A+IT (6)

The null hypothesis of σ: =O is equivalent to testing 
α=O in equation

(皇)against α>0。 If α=O then∈ t=ut and is stationary,whereas if 
α>

O then∈ t is nonstationary.

The  main  disadvantage  of model  one  arises  fronl  the

independence of ut and wt.In this case,model one is not a completely

general DGP.In the next we suggest rnodeltwo which does not impose

this restriction.

Model Two:Perfectly Correlated Random Walk

The random walk and stationary components of the error terrn in

equation(1)OfrnOde1 0ne were driven by independent processes. In the

sequel,we let the processes deriving the two compOnents be perfectly

correlated.Modeltwo is

０
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(h)=(h声 (泣)(h声 (h)
Xt=Xt_1+vt

μt=μ t‐1+Out
If we define 0,: [u,,v',]'to be a (k+1) random vector, then we assume

that Q1 is serially independent and 0, - Nr*r(0,)) where

under these assumptions,xt is a set of exogenous explanatory variables.

The parameter O reflects the relative size ofthe effects of a shock on the

randorn walk and stationary components. Clearly, if O = O then the

randonl walk μt conapses to a constant μO and it follows that yt and xt

are cointegrated.  Thus we are interested in the nvo sided testing

problern O=O against O≠ 0.

Back substituting in equation(2)leads to an equivalent representation

for modeltwo as g市en in equation色)fOr mOdel one:

(7)

(8)

(9)
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t

: Yt:Po*x't0o*e,I ut*ut
k=l

If we define ., : 0( i uk) + u1 , then
k=l

E(e 1): o
and

E(e iei) : min(ij) 02 ol + 20 ol + ol
: min(Ij) e2 o2, + eol

Vol.22,No3,2011

(10)

1=J

l≠ J

(12)

(13)

Now equation (7) can be written as a linear regression in matrix form:

11)(kl)xす (振1)

(11)

∈～NT[0, σ
tt N『2(0)]

where

:e2A+e(J+Ir)+Ir

Ｘ
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Where the matr破 A is as deflned in equation(6),and JiS a TxT matr破

an its elements are one.Thus,we have expressed the testing problem in

the same form as for model one in equation(5)。

Tests For Cointegration                           ,
1‐ Test For Model One

We wantto test HO:α =O against Hl:α >O in equation(5)with

Ψl(α)=α A+IT.Under HO Ψl(0)=IT,therefore we can apply the
results ofKing and Hillier(5)and propose the following test statistic

dl=ft翠キ皇<cO

where PO=―
Ψ α10    and e is the residual vector from the

estimation of equation(重)by OLS‐ Evaluating the partial der市 at市e
gives the fbllowing test statistic

dl=ご
Aこ
>cO
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土R:
喘=7
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(14)

rani∫
‐
T~k)

where Rt == DE ek and  8:=こ
′こ/「F is the estimator of the error

k=1

varlance.

2-Test For Model Two
The derivation of the test fbr cointegration in model two win be

given in lnore detail.The model under study is given in equation(11)

with Чち(0)=02A+0(J+IT)十 1T and since Ψ2(0)=IT We can apply the
results ofKing and Hillier(5)to propose the following statistic

Pと
V=西

て

where
∈=MY
M=IT― X(XiX)‐ lXl  (idempOtent matr破  of

(15)
P'P=M and PP'=IT_k

The probability density function of v is given by

f(I:k) r _rr-kr
f(v;o) - +l py2(e)p,;-z Jv,1py2(e)p,)-' rl-' , ' (16)

2(n) 2

The log of the likelihood ratio test for Ho: 0:0 against H1: 0:6 is

log r(0)lr_o : log (v;0 + 6)le=o - log f(v;O) le=o > cr (17)

for some value of 6. Expanding log f(v; e + 6) in Taylor series about

6 :0 gives

log f(v;o + 6): log f(v;o) * u 
dlogf(v;0) 

,^ ^ae r0=0

.+4#-t*6+o(53)

Substituting this expansion into equation (ll) gives the following test

alogf(v;0) 
l^ ^* 

# d2logl(v;O) +0(6r) > cr (18)logr(0)lr=o:6-* ,u=0, 2 AOz
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(20)

(21)

(22)

The flrst derivative is given by

引OgI型
贈却
=←
:岳
ЮJP Ψズの 引

∂0            ィ

く¥瑞 bJプばΨズの動J司Ьっの
ButifH is a nOnsingular matrix and α be a scalar,then(8)

Ψ =」HJ器]
∂H‐
1=_H_1∂ HH_1

「          ∂α        ∂α
Using thё above●″o results we get

lbgPΨ2(0)P姑 =0
==[(PЧち(0)P')‐

1(P(J tt IT)Pり
]

==(J tt IT)M=Constant

Where in Ψ2(0)=IT,PP'=IT,and P'P=M have been usedo Moreover,
we flnd l

lbgⅣ(P Ψ2(0)P)・ V]0=0

=  蝙 e町のが‰
-1

v'(P Y2 (0)f ';-t n '

v'{(p yz(o) r'1-' ;r1l+Ir)p,l [p y2(0) p']-,]u

= ―
焉;丁 [viP (J+IT)PiV]

一纂 [  ]
=~e′
Me[こ
′
M(J tt IT)Mこ

]

= _e′
(事

        [since M e′
=MMY=MY=と ]  (23)

Substituting(22)and(23)in(19)giveS                    ,
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(26)

lbg【
Vρ)拮=0

It is clear from(2墨 )that the flrst der市 at市e is constant ith respect toと

and can be transfelTed to the right hand side of(塑 )and COmbined with

cl.rrherefore,the dependence ofthe test on δ disappears,and we are left

only with δ
2.Next,using(2皇

)and(2二)repeatedly,we get after a tedious

calculations the following value for the second derivative.

∂
21lil,生

型2=Constant十 三二
ぅ

壺立
警

Now dividing (18) (without the first term) by 6', and letting 6 approach

zero, we obtain the following test statistic:

=constant+ (T~k)∈
 (1」

|:・
とfi     (24)

2

(25)

d2= 
と
′と >C0

Thus the test statistic is the same for models one and two。

Asymptotic Distribution of the Test

Since the tests for the above two models are identical, we concentrate
t

on model two. Using 0t : [u,,v',]' and define St : [Su,,S'",]': I 0, so
i=l

that [see Phillips and Durlauf(7) ]
_1

T 2 Str,l = B(r) as T -> co

Where B(r) is a (k+t) dimensional Brownian motion defined on r e

[0,1] with covariance matrix O. The Brownian motion can be

partitioned conformably with $1 as B(r) : [B1(r),Bz(r)']', and similarly

the covariance matrix as

o : +S T'r E1s, S'r):

We can regard C) as the long-run covariance matrix of Q, in the sense

that it captures both contemporaneous variances and covariances as well

as covariance at all lags by writing Q: I + A +A'where
1k

r I o? o,r'll,'-lI:E(0,0"): I I

k I o, ZrrlL- )

１
ゴ
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and

X =
TX(k+1)

1

1

where x\: [xtr Xtz ... X*], t=1,2,.… ,T.Then

Vol.22,No3,2011

AttE E(φ
t φ≒J)=

In the sequel, we derive the asymptotic distributiOn Of the test

Sl誠iSiC」 Ven by匹 )When ap口 ぉ d to mOdd師 0。 shce■ and Ⅵ are
mutually:independeht processes in model twO,φ

t is a Special cttse ofthe
general class Of prOcesses described abOve. Thus the cOnvergence Of

1

T 2 s[Trl tO a BrOwnian motion is assured。 「Fhe lagged cOvariance
matr破 A is zerO,and the cOvariance matrices 

Σ and Ω are block

邸:留 f塁肌 現臨
鮮 職 出

蜘 糧 器 器B(O aS B(r)=[Bl.2(r),B2(り
]:,SO Bl.2

The asymptotic distributiOn is fOund by cOnsidering the forn1 0f

the test statistic g市 en by equatiOn(」墜).From equation(」堕)We have

e=MY=M(xβ +∈)=M∈

Since wlx=[I「 X(X:X)‐ lX']文=o.But under the null hypOthesis HO:o=
qwe ind[see the discussion under equation(9)]∈

=u.Hence'

と=Mu=u一 x(x:X)‐ lX:u

Let us write
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t(I 'i) lx;)H- x;) XIA-ri(F-Xrz x;lHlt (28)
i=l

We can now consider the be heavier of each of these terms as T -> o.

,, #'hffi[,:]:'r'i',ir,(1e88x6) 
Provides us with the rollowing useful

r-trxr, =l B'2(r)dr
0

r-trxr,=l B2(r)dr
0

T'2 xzz ) I Bz(r) B'2(r)dr
0

r -1r 
= B1.2(l)

I
r-t x = J B2(r)dBr.z(r)

0

,.t

we will also make use of the following two results:

r.rt+r & rjlxi +irr1r;0,
i=l f)

Now we can obtain the limiting behaviour of each of the terms in
eouation (28).

I

T 2S,,3Br.z(r)
lll

T-'A,1 3 t-l B'2(r)dr(l sr(r)B'2(r)dr)-'J n21r;ar

I 
o ol 

r 
o 

,,r T a (p-xrrx;i n;=nr.z( l )- i u'rtrla< i B2(r)B'2(r)dr)'' j nrlr;on, 1.;:000
1rlr-rlxr, = (i Bz(r)B'2(r)dr)-' j nr1';4.

00
ll

T x;H = (l Bz(r)B'2(r)dr)-rJ nrlr;an,.r1r;
00
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These limits can be combined to obtain the limiting distribution of Rt'

However, these limits contain implicit muisance parameters in the form
of the variances of the Brownian motions B12(r) and B2(r) given by

I

wl, and C)22 respectively. To show this we define W(r): Q 2B(r) to

be standard Brownian motion, since its covariance matrix is the identity.

Since f) is block diagonal, we can also define the elements of the

partitioned standard Brownian motion to be

Wrz(r): wlr B12(r) and wdr):Q;l/'? BrG)

For convenience, we define the following functions of standard

Brownian motions:

lll
p :1- J w'1r;or(l w,G)w'2(r)dr)-'J wlrpr

000
lll

e:w'rz(l)- J wil4artJ wz1rlw'1r149-r I wdr)dw12(r)
000

llK:(l wdr)w'z(r)dr)-r J wzlr;or
00
ll

s=(l w2(r)w'dr)dr)-' J w1r;aw,1r1
00

Combining the limits from the previous paragraph, and replacing
Brownian motions by Standard Brownian motions gives the following
limit for &.

I

T 2 R, = w1 V(r) (29)
where

v(r): wrdr) - p-'q. - (i w'z(s)ds) (S-KP-rQ)
0

Now we can evaluate the limit of the numerator of (lz[) as follows:

ｄｒＶ

ｌ

ｒ

ｉ

Ｊ

０

″⇒

T2魯 R:=T~11R卜「]dr

The denominator of (14) is the estimate of the error variance

(30)
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Which will be consistent estimator of of since €t : ut under the null

hypothesis. Also wl = of since ul is iid, so we can cay

8:⇒ W:

２

ｔ

〈
∈
Ｔ
マ
ん
Ｈ

一Ｔ〓
２

　

∈

＾
σ

(31)

Now the asymptotic distribution ofthe test statistic can be found by the

ratio of起塑)and延二)。

T-22R子  1
d2=~~~|[1-―――==>l [V(r)]2dr

Critical Values

As can be seen from equation嘔2)the asymptotic distribution f
the test statistic d2 iS a functiOn of V(r)Only,Which in tum is dependent

only on two independent standard Brownian motions.In pa♯ iCular,we
have been able to prOduce a test which does not depend on nuisance

parameter.The only way in which the asymptotic distribution,depends

on the rnodel speciflё ation is that the number ofexplanatory variables in

the cointegrating regression determines the dimensions of W2(う 。HenCe
we can obtain sets of asymptotic critical values for various numbers of

explanatory variables.These are found by simulation of延 塑)using a
GAUSS program with a sample size of4000 and 50000 replication for l

to 5 explanatory variables.The result of this silnulation are reported in

Table(1)。

(32)

totic Critical Valable-1 : ucs

Number of Explanatory
variables (excluding

Constant)

10% 50/0 10/0

0。2335 0.3202 0。 5497
2 0.1617 0。2177 0。3727
3 0。 1203 0。 1590 0。2756
4 0.0929 0。 1204 0。 1983

5 0.0764 0.0972 0。 1560

ble

Testing Procedure

ln this section we give the testing prOcedure that has been derived

in the present study.
(1) Apply the OLS to the regression

Yt:Ilo*x'1 B6*e1
and obtain the estimated residuals €,
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(2) Form 01 =[€1 iAxrJ' and calculate the estimated covariance

matrices

Ω=‖
:1と |=T・

2 6ta
t=1

`    T ^ ^ ^^+TJΣ
 W(r,ィ )Σ O.rφ l+φ tφ l_r)
r=l        t=r+1

星Lコ製嵩tilttr
where w(r,イ)==1‐

舟
.

(3) Calculate

yl=yt―命12Ω易△Xt

S〕1=321~△ 22Ω万:命 21

４

　

　

５

３

　

　

３

and re-estimate the cointegrating regression using the fully
modified OLS estimator

^*
B' = (x,x)- 

' 
(x,y * _ euT 6i,l (36)

where e1: [0 i Ip]

(4) Obtain the estimated residuals 0i from the preceding regression

and construct the test statistics

T
1-22 p*z

A* - t=ld,_-fr; (37)

where
「

―

＞

―

リ

２Ｗ^
ｌ

２

一　

２
Ω^
２Ｗ^

＊

・１
　
　
　
　
　
．

ｔｐ
ｉ〓‐　
ゼ

．．　

　

　

　

　

２

２

ｔ

　

　

　

２

Ｌ

Ｒ

　

　

　

＾
ｗ

(38)
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- Critical values for this test statistic are provided in Table (l). This
piocedure provide a test for the null hypothesis of cointegration.

RESULTS AND DISCUSSION
1- The cointegration tests are introduced in to two group :

tests which verify ihe nulr hypothesis of no cointigration and
tests which verify the null of cointegration , it is a well known
fact that the classical-hypothesis tests accept the null hypothesis
unless there is strong evidence to the rort ury. Then, 

- 
ln orderto decide whether economic series are tointe giated, it isnecessary to perform a test of the null hypothesis of

cointegration as well as of no cointegration.
2- Tests for unit roots usually precede tests for cointegration. so

itlooks paradoxical that one should use the -concepts 
of. cointegration to derive a test for unit roots

3-Size distortions of . the null hypothesis have been over
parameterizationresults in a loss oi 

-po*... 
As well as the over

rejection of the nuil of no cointegration suggests the
possibility of spurious cointegration.

4- The asymptotic results o' the spurious regression are
essential for testing the null hypolhesis of no cointegration.
Under the null of no cointegration the residuals requireifor the
test need to be estimated, by by construction, from a spurious
regression.

S-The- advantage of the tests is that they pool onry the
information regarding the possible existenc. irin, cointelrating
relationship that comes from the statistical properties o-fthe estimated resicluals.

Tl. analytically, using local to unity asymptotic distribution theory
that the estimates of the cointegrating vector when there is a
large root in the explan atory ruiiubl.r which is not equal to one
but close to one, remain consistent, but the tests foicoefficients
of for the cointegration vector tend to over reject the true null
hypotheses. And extent of this over rejection depends on the
extent of the departure of the rargest root ln the regressor from
one and on the degree of simultaneity between the errors in
equation of interest and' the explanatory variables. For any
deviation of the largest root in the explan atory variable from one,
the size of the test approaches one as the degree of simulta neity
increases.

６
．
‐
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ABSTRACT
In this paper an algorithnl is proposcd to reducc the long tirne that has been

taken h the Fractd image cOmpressbn(FIC)teChnttue.A vanance factorヽ used to
reduce the number of matching operations betwccn Range and Domain blocks

through exclude the homOgenous Or flat rcgions.This in tunl rcduces the number of

complex computations required by the compression's algorithnl by FIC and this will

lead to reduce the cncoding tilne rcquircd by coding operation.

Several gray ilnages (256x256) have been tested (256x256) pixel

(partitiOncd into flxed b10ck size of(4x4))using visual C++6.O oode.
Suggested scheme reduces the number of・ range‐domain comparisons with
signiflcant amount and gives ilmproved tiine performance faster about 700/O with a

higher compression ratio and high‐ quaHty images.

昨 yWOrdS:Fractal,range block,vaHance,image coinpression,encOding time.

INTRODUCTION
Compression and decompression technolory of digital image has
become an important aspect in the storing and transferring of digital
image in information society. Recently fractal compression of digital
images has attracted much attention [1]. one of the most important
characteristics of fractal image coding is its unsymmetrical property of
encoding and decoding processing. Coding time is rather long for
domain codebook generation and domain-range matching operation,
while decoding algorithm is relatively simple and fast. This weak aspect
makes the fractal compression method not widely used as standard
compression, although it has advantage of fast decompression as well as
very high compression ratios [2].
Mathematically, FIC is based on the theory of Iterated Function System
(IFS) and its performance relies on the presence of self-similarity
between the regions of an image. Since most images possess high
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degree of self-similarity, fractal compression contributes an excellent

tool for compressing them t3]. FIC consists of finding a set of
transformations that produces a fractal image which approximates the

original image.
In IFS coding Scheme, many main processes must be done. First, range

creating, the image must be partitioned into blocks (ranges) with non-

overlapping (using fixed block size partitioning technique) t4l.
Secondly, domain creating, the domain is created through taking the

average of every four (2 x 2) adjacent element in range to be one pixel

in the domain, that means the size of domain image will be quarter size

of the range [5]. Figure (1) shows an example of range and domain

blocks size. Thirdly, matching process, for every range block, a similar
domain block is found using IFS mapping. The data of blocks of the

compressed image are represented using the IFS mapping coefficients

t6l.
FIC suffers from the length of time spent in the compression process

because there are a huge number of operations corresponding mapping

operation, as all over the range compared with all domains for each of
eight cases of (8 symmetries) [7].
In decoder process, the compressed image must be reconstructed from
IFS-code, which is saved in codebook file. The reconstructed image

starting from an arbitrary image and iterates these affine transformation
parameters, according to the contractive mapping theory, the

reconstructed i to attractor after 8 iterations.

Figure -l: Construction domain block construction from the range block

Image Features
Any image has many regions, any region may content some information
or not (flat or homogenous), those regions where there is no gradation

or that the gradation is not recognize with the naked eye, see Figure (2).

Such as, personal photos, which often contain areas of constant color,

smooth as it is in the background. On the contrary, it is difficult to

obtain a homogeneous 100% in natural images (landscape, etc.) such

images may be reflected areas appear to the naked eye as a

homogeneous or with a single color, but the arithmetic is not, the

Domain ooola`llじ C PUUl
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cuffent research focuses on the exploitation of this principle , i.e., the
exploitation of the regions that appear homogeneoua to the naked eye
and using them to speed up the compression process in the FIC, so do
not affect the quality of the image recoyered after compression.

Figure- 2: Area inside the box is a homogenous region, while the region inside the
circle contains different combinations.

Proposed Method
In this proposed method of improving the basic fractal image coding
process is to extract a few numbers of features that characterize the
range images. Then a number of ranges are excluding from matching
process with the 8 symmetries. We have extracted the mean and
variance features of all the range blocks. The mean value of range gives
the measure of average gray level of range (Mr); variance (vr) value of
range defines the dispersion of its gray level from mean.
variance has been used to check the range area whether it is
homogenous region or contains details. After partitioning, the contents
of each Range will be checked before startinf the search operation to
decide if it is a homogenous region (flaO or not (edge), using the
variance criteria, as the value of variance is zero in the homogenous
region while it is increase in the areas with more details. The flat region
means that all pixels of this region have the same value or are close to
each other.
During the matching process of homogeneous ranges, cases of
symmetries will be canceled and implemented it in other areas (detail
regions). There is no effect of symmetry operation on a flat region and
this leads to reduce the huge amount of complex calculations, which
results as fast coding process.
In order to achieve the greatest benefit, the areas of homogeneous are
controlled by using several values of the variance; these values were
named Homogenous Permittivity (rIP) which represents the amount of
homogeneity allowed. If the variance of any part of the image (Range)
is zero, this means that all pixels of that part is equal, then it's not enter
in the search and matching operation, but would represent all points of
the region in a value represents the. arithmetic average of these points.
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Algorithm (1) utilized steps requirement to perform our Ranges

Exclusion method.

Algorithm (l): proposed encoding algorithm

Input: Image, FIP

Output: IFS code (x, y, s, o, and sYmmetry)

Stepl: Load the image into buffer

Step2: Partitioning the image into fixed blocks size with non-overleap

(Rt.--R)
Step3: Generate the domain blocks (Dt... D) from the original image by

averaging method.

Step 4: Compute the mean for the current range block R; according to

equation: Mr =;j- 
rf"ft 

*,
X ,i* x Yrir" ,=o j=o

Step 5: Compute its variance according to equation:

vr= -+, 
rf"f'1x,,-ur)'

X r,="XY"r" 
L,=o 

r=o

Step 6: If Vr: HP then save range's mean (Mr) and excluding this range

from the mapping operation ,else ju-p step 7.

Step 7:Do the mapping operation by:

o Compute the scale s and offset o coefficients according to

and 6=
″グ

”Σ

′〓‐

グ
″Σ

′〓‐

一グ
”Σ

′〓‐
乙
膊

一

equations:

S=

[″
を
グ i―
(喜
グ ,)21

o Quantizethe s and o values
o Compute the approximation error E(R,, Dii s, o) according to

equation:

o E(R, D) = *[; r, . r(ti r: - rf d, r,. roi 4,)* o(,o - rt r,)]
r Compare the computed error with the minimum registered error

(E in): if E(Ri, Di, s, o)> E^in then jump to step 8, else

Replace the E6sn ond store the current IFS code (i.e. x, Y, s, o,

and symmetry).
StepS: Repeat the step (7) for all symmetry versions of tested domain blocks.

Stepg: Repeat step (7) to (9) for all domain blocks listed in the domain pool.

Step10: Get the next range.

Stepll: Repeat step (4) to (9) for all range blocks listed in the range pool.
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In order to obtain the largest numher of regions that appear
homogeneous, in the present research we use different values of the
variance.

RESULTS AND DISCUSSION
The program of FIC was applied to many images without check whether
the image contains homogenous region or not (i.e. HP:0, the normal
state), the results shown in table (l) and figure (3-a).
Our proposed method is applied to the same image (the original pepper
image which file size: 64 kb) and used it in the traditional schema;
table (l) illustrates the results of applying this method to the peppers
image. From the results shown in table (l), when FIP : 4 we got the
compression ratio (5.65) and encoding time (14 seconds). When the
value of HP : 30 the compression ratio (5.82) with the loss in image
quality recovered, but still high quality (30.74) and the time it takes to
have decreased to (9 seconds). Compared to time-spent when FIP : 0, a
(34 seconds) we have obtained the proportion of speed about 70%o of the
compression process.

Then the modified FIC program was applied to the same image
with HP:2, the compression ratio was increased to reach (5.534) and
the time required has been reduced from (34 sec.) to (18 sec.) and when
FiP : l0 for the same image, the compression ratio will be (5.747) and
the time required for the compression has decreased to (11 seconds).

Table -l: The result of performs proposed method applied on the peppers image.:

Schema
Type

HP C.R
PSNR
(dB)

Encoding
Time
(Sec。 )

File size

(kb) Peppers Image

Traditional 0 5。 12 32.69 34 12.5

プ
４

Proposed

4 5。65 32.15 14 11.33

30 5。 82 30.74 9 10。99
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When performed the same steps for the rest of the images, figure (3)
shows some results obtained before and after using the HP and the
values are different. Values used in the experiments ranged from I to 30
have been applied to all images.

The Original BIRD image (File size: 64 kb)

The Reconstructed Image

Enco. time: 34 Sec.
PSNR 30.30 dB C.R:5.12

File size: 12.5 kb

Enco. time: l3 Sec.
PSNR 29,92 dB C.R:5.68

File size: I l.l8 kb

Enco. time: 9 Sec.
PSNR 28.69 dB C.R:5.80

File size: I 1.03 kb

The Original ile size: 64 kb)

The Reconstructed Image

(HP=0)

(a) Traditional method

Enco. time: 35 Sec.
PSNR 32.22 dB C.R:5.12

File size: 12.5 kb

Enco. time: l2 Sec.
PSNR 31.51 dB C.R:5.72

Filesize: ll.lSkb

Enco. time: 9 Sec.
PSNR 28.69 dB C.R:5.81

File size: 11.01 kb

Figure- 3: Results of the impact of HP on the images (BIRD, LENNA)

90
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The data obtained from experilnents, is plotted the relationship between
the values of HP and time (Figure 4) as well as the relationship between
HP and the quality of recovered image (Figure 5) and also the
relationship between HP and the compression ratio (Figure 6).

LEENA image PEPPER image BIRD image

HP

LEENA image
HP

PEPPER image
HP

BIRD imagc
Figure- 4 : The effect of HP on the Encoding time

Figure -5 : The effect of HP on the image quality

LEENA image PEPPER image BIRD image

Figure-6: The effect of HP on the compression ratio

1¨ There was no flxed enhct ofthe values ofHP on the images,because

each imagds composition(different content),image of PEPPER
have a number ofhomogeneous areas is different from the rest ofthe

HP                                         llP                                         HP
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image regardless of the fact that the partitions are fixed for all

images.
2 - After run the HP were excluded a number of range areas of the

process of searching and matching in the compression algorithm.

E -'ifre number of regions of the excluded area increases with increasing

value of HP.
4 - Experiments showed that an inverse relationship between HP and the

time spent in the encryption process (Figure 4).

5 - During the experiments show that there is an inverse relationship

between HP and the quality of recovered image (Figure 5).

6 - Experience has shown that the relationship direct correlation

between HP and the compression ratio (Figure 6).

The use of a homogeneous permittivity HP has reduced the time spent

in the coding process by almost 70% with access to a higher

compression ratio and image quality recovered.
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ABSTRACT
N(aminography is considered to be the best available tcchnique for early detection of

breast cancer yeto The rriost common breast abnormalitics that may indicate breast

canccr are masses and calciflcations. 
´
「 he chanengc is to quickly and accuratcly

ovcrcome the development of breast cancer which affects more and more women

through the worldo Micro calciflcations appear in a mammogram as flne, granular

clusters,which arc o■ cn difflcult to idcntify in a raw mammogram.One ofthe maor

mammographic characteristiCS fOr mass classincation is texture      .

In this paper the use of functions for computing texture bascd on fractal analysis

measures is prescribed.MDE(Mass Dimcnsion Estimation)algOrithm is employed.

The developed algorithm consists of automatic extraction of the fractal dirnension

feature forthe mammogram image,and using a classifler that automatically identifles

the various abnollllaHties existcd in thc images according to their fractal diFnenSion

behavior. The algorithm evaluates thc rcgion propcrtics of the manllnogranl image

and thereby would classify thc image into important segments based on the different

fractal aspccts whhin the image.Images from MIAS data base(MammOgram lmagc

Analysis Society database(UK))have been considered to conduct the proposed

mcthods. The segmcntation thus obtained is comparativcly better than the othcr

nollllal methods。

Index Terms――ル物
““
θgrα〃島Scg“θ′′α′われ

`物

χ″rα
=翻
αrysれ Frac″′dimθ ,電わ4
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“
.

INTRODUCTION
In the past decade there has been increasing and tremendous lnterest in

medical image processing and analysis techniques using the concept of

fractal analysis. Fractal analysis is concerned with describing the local
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singular behavior of functions in a geometrical and statistical fashion. It
was first introduced in the context of turbulence and applied in many
other contexts such as chaotic time series research, earth quake
distribution analysis, multimedia processing, stock market anaiysis,
bioinformatics research and internet data traffic modeling.Il]
Many medical signals and images demonstrate a certain degree of self-
similarity over a range of scales, lending to the development of
algorithms based on fractal analysis ofthose objects.
The lifetime risk of developing breast cancer among American women is12.7% (one in eight,

breast-cancer, from the National Cancer Institute), exceeded only ty lung
cancer. Mammography is considered the most effective technology
prescnJy avdhbb fOr breast canccr scrcening Wih digital or digil桑 h
mammograms cOmputer‐ aidcd dctection(CAD)has prOven tO be a vcry
useftll t001 for radi01ogists.A succcssful CAD system will eventually

ねcilitatc a computer‐ aided diagnosis(cADx)systCm devc10pmcnt that
may grcatly save radio10gists(wOrk and bencflt patients.Therc arc thrcc

サpeS Of breast lesions accOrding tO thc ACR Bi‐ RADS ① lexicOn,which
are mass, calciflcation and architccturc distortiOn ln this papcr, aH

discussions focus On mass dctection and calciflcation dctec10n[2]

Mammography has bcen One Of thc mOst rcliable methOds fOr early

喜職驀s椰ご熙lご乳S躙:Ⅷsξ醤躙at radiologists can miss the detection

of a signiflcant proportion of abnormalities in additiOn tO having high

rates of falsc posiives.[3]

Mammogram images are otten ve,poOr in contrast,can show diffcrent

featurcs and pattems depending Onitょ ritt1lI∫
l;sI〕lu:。1:‖:Ii

、vhich vary with patient age and i

Figurc(1)shows an example Of mammography image with differcnt

嶽 i畢 憾 艶 縦

鶴 i隠鮮‰ 股 λ緊 ∬耀
In cffectivc diagnOsis system is a

problem 、videly invcstigates in the prcsent time. Thc researchers have
centered thcir attention On h″O principal problcmsi the flrst is tO
distinguish bc"vcen the nOrmal tissue and diffcrent types of tumOr such

as MC clustcr,speculated lesiOns,circumscribcd masses,and ill―
deflned

lesion  The secOnd function is tO diffcrentiate betwecn benign and

malignant tumors.

94



Al- Mustansiriya J. Sci YoL22, No 3, 201I

(a)   (b)
Figure -1:Example Mammogram Images with increasing density from (a) to (d).

A publicly available mammography datasets contained in the
Mammographic Image Analysis Society (MIAS) databases was used for
the testing phase. This paper introduces a new mass detection method
based on using the concept of fractal analysis.

MATERIALS AND METHODS
1. Digital Mammogram Database
The mammogram images used in this experiment are taken from the mini
mammography database of MIAS (http ://pe ipa. essex. ac. uVipa/pix/miasi).
In this database, the original MIAS database are digitized at 50 micron
pixel edge and has been reduced to 200 micron pixel edge and clipped or
padded so that every image is lA24X 1024 pixels. All images are held as

8-bit gray level scale images with 256 different gray levels (0-255) and
physically in bitmap file format (BMP) format. This study solely
concerns the detection of masses in mammograms and, therefore, a total
of 150 mammograms were used here distributes as follows: 50 Normal,
50 Benign and 50 Malignant. The actual truth of location and size of
masses is available inside the MIAS database itself.

2. Pre-processing
Mammograms are medical images that are difficult to interpret, thus a

pre-processing phase is needed in order to improve the image quality and
make the segmentation results more accurate. The first step involves the
removal of artifact and unwanted parts irr the background of the
mammogram. Then, an enhancement process is applied to the digital
mulmmogram.
The contrast limited adaptive histogram equalization (CLAHE) method
seeks to reduce the noise produced in homogeneous areas and was
originally developed for medical imaging [4].

(c) (d)
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This method has been used for enhancement to remove the noise in the
pre-processing of digital mammogram [5]. CLAHE operates on small
regions in the image called tiles rather than the entire image. Each tile's
contrast is enhanced, so that the histogram of the output region
approximately matches the uniform distribution or Rayleigh distribution
or exponential distribution. Distribution is the desired histogram shape for
the image tiles. The neighboring tiles are then combined using bilinear
interpolation to eliminate artificially induced boundaries. The contrast,
especially in homogeneous areas, can be limited to avoid amplifying any
noise that might be present in the image.

3. The Mass Dimension Estimation Algorithm:
The principle of the mass dimension estimation algorithm starts by
drawing a circle of radius (r) on a data set of points distributed in a two-
dimensional plane, and count the number of points in the set that are
inside the circle as M(r). If there is (M) points in the whole set, one can
define the "mass" m(r) in the circle of radius (r) as:

m(r) = Y,. ...(l)
Consider a set of points lying on a smooth line, or uniformly distributed
on a plane. In these fwo cases, the mass within the circle of radius (r) will
be proportional to (r) and (r2) respectively. one can then define the mass
dimension (D,") as the exponent in the following relationship:

m = rDr,...... ...(2)

In practice, one can measure the mass m(r) in circles of increasing radius
starting from the center of the set and plot the logarithm of m(r) versus
the logarithm of (r). If the set is fractal, the plot will follow a straight line
with a positive slope equal to (D,"). As the radius increases beyond the
point in the set farthest from the center of the circle, m(r) will remain
constant and the dimension will trivially be zero. This approach is best
suited to objects that follow some radial symmetry, such as the breast
lesion textural structure. In the case of points in the plane, it may be best
to calculate m(r) as the average mass in a number of circles of radius (r).
It can be shown that the mass dimension of a set equals the box
dimension. This is true globally, i.e., for the whole set; locally, i.e., in
portions of the set, the two dimensions may differ. Let us cover the set
with,N(d) boxes of size (d), and let us define the mass, or probability, in
the itr'box (m;) as:

m(i) - H,...
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where (M;) is the number of points in the ift box and (M) is the total
number of points in the set. The average mass, or probability, in boxes of
size d as m(d), the average (mi) in the N(d) boxes can be calculates as:

m① =轟Σ習)町 =誌… (4)

(tlie sum of all the masses (mi) is obviously one). As the operation of
calculating the mass contained in a box of size (d) is the same as
calculating the mass in a circle of radius (r), one can write the definition
of mass dimension (2\ interms of d rather than (r):

m(d)π dDM,. (5)

By using(4)and re… arranging terms,one obtains:

N(d)%洗………………………⑥

which is the deflnition of the fractal(boX)dimensiOn;thus,the mass

dimension equals the box dimensiOn.[6]

4。 Segmentation
ln analyzing manll■ogram ilnage, it is important to distinguish the

suspicious region from its surroundings.The rnethods used to separate the

region of interest from the background are usuaHy refelTed as the

segmentation process.The irst method used in this stuゥ is the 10cal

threshold technique.This techniquc has been proven to provide an easy

and convenient way to perform the segmentation on digital mammOgram

[7].The Segmentation is determined by a single valuc known as the
intensity threshold value.Then,cach p破 elin the image is compared with

the threshold valueo Pixel intensity values higher than the threshold win

result in a white spot in the output image.Therefore,experiinental work

has been conducted.Figure(2)showS the block diagram for the proposed

mass detection rnethod。
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Figure -2: Block diagram for the proposed mass detection scheme.

RESULTS AND DISCUSSION
The proposed approach has been tested using the MIAS data base
(Mammogram Image Analysis Society database) which consists of three
different classes, norrnal, benign and malignant mammograms. For each
of the above classes, 50 BMP-pictures (1024xr024 pixel, 8 bit grey level
image) were used for testing and evaluation in this paper. The
mammogram images are processed using the mass dimension estimation
method and the corresponding fractal dimension space images were
obtained using several radius values ranged from 5 to 20 pixels. The
optimal radius value is obtained for each mammogram image and the
mass is segmented by applying an adaptive thresholding according to the
normalized mass dimension values.

The mass detection results obtained for the normal, benign and malignant
mammogram images are shown in figure(3),(4) and (5) respectively,
where the left columns shows the original mammogram images and the
middle column shows the corresponding fractal space image while the
right columns shows the final mass segmented images. It is found that the
proposed method can successfully detect the mass with different shapes,
different positions, and different texture background.

The implementation of the MDE method along with the performance
detection evaluation software for images from the MIAS databases are
being made available so others can reproduce these results and can use

Input Mammogram
lmage

Image Thresholding

Fractal Feature
Extraction by MDE

Image Segmentation

Output Segmented
Image
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the MDE algorithm to establish a baseline performance on any set of
images. A software detection system has been developed and

;TX5fr:1I'iX1T",t'lhH:,1"ffi ffi ';".1i;H::13'i?:3ff 'T;
integrating the on-line inspection and feedback control into the process. It
employs specialized scanuing techniques, localized time frequency

alysis and vision to detect and distinguish masses.

Figure -3:Results of applying the MDE algorithm tc the training and testing cases

from MIAS database for the normal mammograms.

|

99

顆 緻



Mass Detection in Mammograms Using Fractal Analysis
Kamal

Figure -4:Results of applying the MDE algorithm to the training and testing cases

from MIAS database for the benign mammograms.

Figure -5: Results ofapplying the MDE algorithm to the training and testing cases

from MIAS database for the malignant mammograms.
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; CoNCLUSTONS
In this paper, a new unsupervised method for mammogram mass
detection based on fractal analysis approach has been proposed. The
value of the fractal dimension is utilized as a major technique to obtain
the basic texture features of the studied mammogram images, and the
significant test feature selection based on ihe analysis of using different
radius values to design the optimal detection scheme. The performance of
the proposed method has been extensively evaluated by using an off-line
database, which consists t-rf varieties of mammogram images including
masses with different shapes and positions. The results show that this
method is robust and efficient for detecting different kinds of masses and
has the ability of detecting single and multiple masses with high
efficiencY 
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ABSTRACT
This paper presents the modeHng and solving a rnaintcnance scheduHng problem in

the mOdett generating systemso Thc system adopted solvOs this problem under

several colStraints and unce■ ainties, such as failurcs and forced outages of power

equipment and delays in obtaining sparc parts. Thc schedule O■ en has to bc reviscd
at short notice. Human cxperts usuaHy work Out the maintenance scheduling by

hand,and there is no guarantee thatthe optilnum Or even near― optilnurn schedule is
produced. Genctic algorithms that have bccn uscd success和 1ly in many search
problems are used to s01vc thc maintenance scheduHng problern with less

computational cost.The systcnl:uses genetic algorithm as a search methOd for an

optilnal schedule. Thc rcsults obtained are prolnising and shOw that thO resultant

schedule providcs enouЁ h capacity tO meet the cxpected demand while minimizing

costs。

INTRODUCTION
Planning with time constraints is scheduling lll. Scheduling problems
are usually approached with a bombination of search techniques and
heuristics. Scheduling belongs to Np-complete problems. such
problems are likely to be unmanageable and cannot be solved by
combinatorial search techniques. Moreover, heuristics alone cannot
guarantee the best solution. Scheduling problems involve a competition
for limited resources; as a result, they are complicated by many
constraints. Power system components are made to operate continuously
throughout their life by means of preventive maintenance [2].
Maintenance can be defined as all actions appropriate for retaining an
itbm/part/equipment in, or restoring it to a given condition [3] at regular
intervals. More specifically, maintenance is used to repair broken
equipments, preserve equipment conditions and prevent premature
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aging and failure of generators in a power system, which ultimately

rJaules production loJs and downtime as well as the environmental and

the associated safety hazards [4,5]'
The solution algorlthm based on intelligent computational techniques,

such as, genetic algorithm (GA) has been implemented for solving

complex scheduling Problems [6]'
The rest of this pup.. is organized as follows: the maintenance

scheduling problem, ihe genetic algorithm process, the design of the

system oipianrring on-line trajectory using ge]leti-c algorithm including

the representation of the chromosome, and finally, the results of the

system and some concluding remarks are given'

MAINTENANCE SCHEDULING PROBLEM
Maintenance scheduling is a complicated discrete stochastic non-linear

optimization problem. The generating unit maintenance scheduling

pioblem is first proposed when engineers try to optimize the operational

scheduling of a large power system [7]'
Effective and optimum maintenance has been the subject of research

both in academy and in industry for a long time [4]'
The generator maintenance in power system involves scheduling and

.*..riting the actual maintenance works. This problem is vital to solve

for the planning of the secure and reliable operation of a power system,

prirnariiy because other short- and long-term planning activities, such as

unit commitment, generation dispatch, import/export of power and

generation expansion planning are directly affected by such decisions

t8l.
in- modern power systems the demand for electricity has greatly

increased with related expansions in power system size, which has

resulted in higher numbers of generators and lower reserye margins,

making the generator maintenance scheduling problem more

complicated.
The goal of generator maintenance scheduling is to allocate a

maintJnance tirnetable for generators in order to maintain high system

reliability, reduce total operating costs, and extend generator life !ime,
whilst still satisfying constraints on the individual generators and the

power system itself [5].

GENETIC ALGORITHM
Genetic algorithms (GAs) are stochastic search algorithms based- on

evolutionary and biological processes that enable organisms to adapt

more to their environment. They are being successfully applied to

problem in business, engineering and science t9]. GA works on a set of

possible solutions, which is called the population'
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A GA encodes a potential solution to a specific problem on a
chromosome-like data structure and applies recombination operators to
these structures in a manner that preserves critical information.
Reproduction opportunities are applied in such a way that those
chromosomes representing a better solution to the target problem are
given more chances to reproduce than chromosomes with poorer
solutions. GA is a promising heuristic approach to locating near-optimal
solutions in large search spaces [10].
Typically, a GA is composed of two main components, Which are
problem dependent: the encoding problem and the evaluation function.
The encoding problem involves generating an encoding scheme to
represent the possible solutions to the optimization problem. In this
paper, a candidate solution (i.e., a chromosome) is encoded to represent
a complete maintenance schedule. The evaluationfunction measures the
quality of a particular solution. Each chromosome is associated with a
fitness value, which in this case is the net reserve during any
maintenance period. For this paper, the lowest of the net reserves
represents the better solution.
Chromosomes evolve through successive iterations, called generations.
To create the next generation, new chromosomes, called offspring, are
formed by (a) selecting chromosomes to be merged (b) merging two
chromosomes from the current population together using a crossover
operator (c) modifying a chromosome using a mutation operator.
Selection is the process of keeping and eliminating chromosomes in the
population based on their relative quality or fitness. There are several
possible selection strategies. One of them is Tournamenl selection
which is adopted in this paper. In Tournament selection, s chromosomes
are taken at random, and the better chromosome is selected from them.
The winner of the torrrnament is the chromosome with the lowest fitness
of the s tournament competitors, and the winner is inserted into mating
pool. The mating pool, being filled with tournament winners, has a
lower average fitness than the average population fitness.
Crossover generates valid offspring by combining features of two parent
chromosomes. Chromosomes are combined together at a defined
crossover rate, which is tlefined as the ratio of the number of offspring
produced in each generation to the population size.
Mutation produces random changes in various chromosomes. Mutation
serves the critical role of either replacing the chromosomes lost from the
population during, the selection process or introducing new
chromosomes that were not present in the initial population. The
mutation rute controls the rate at which new chromosomes are
introduced into the population.
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A GA . BASED APPROACH FOR GENERATING UNIT
MAINTENANCE SCHEDULING
The design of Genetic Algorithm Based Approach for Generating Unit
Maintenance Scheduling system and the details description of its

general steps are given in the following:

PROBLEM FORMULATION
This is probably the most important step in developing a GA, because if
it is not correct and complete a viable schedule cannot be obtained.

The purpose of maintenance scheduling is to find the sequence of
outages of power units over a given period of time (normally a year)

such that the security of a power system is maximized l2).
Any outage in a power system is associated with some loss in security.

The security margin is determined by the system's net reserve. The net

reserve, in turn, is defined by the following equation:

AR=7GC― Pι 一MLF … … … … … … ・ (1)

Where: NR is the system's net reserve,

TGC is the total installed generating capacity of the system,

PL is the power lost due to a scheduled outage, and

MLF is the maximum load forecast during the maintenance

period.
For instance, if we assume that the total installed capacity is 180MW

and a unit of 20MW is scheduled for maintenance during the period

when the maximum load is predicted to be 120MW, then the net reserve

will be 40MW. Maintenance scheduling must ensure that sufficient net

reserve is provided for secure power supply during any maintenance

period. Suppose, there are six power units to be maintained in four
equal intervals. The maximum loads expected during these intervals are

80MW, 90MW, 65MW and 70MW. The unit capacities and their
maintenance requirements are presented in Table 1.

The constraints for this problem can be specified as follows:
o Maintenance of any unit starts at the beginning of an interval and

finishes at the end of the same or adjacent interval. The maintenance

cannot be aborted or finished earlier than scheduled.
o The net reserve of the power system must be greater than or equal to

zero at any interval.
The optimum criterion here is that the net reserve must be at the

maximum during any maintenance period.
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ALGORITHM
The steps of the
Generating Unit
pseudo structure:
Procedure: GA
Scheduling
Begin

Yol.22, No 3, 201 I

system of A Genetic Algorithm Based Approach for
Maintenance Scheduling are given in the following

Based Approach for Generating Unit Maintenance

Ini t i a I iz at i o n: Cr eate ir.itial population randomly.
Evaluation: Compute fitness values for population.

While (not termination condition) do
Selection: Select two chromosomes for reproduction.
crossover: Apply crossover operation on the two selected

chromosomes.
Mutation: Apply mutation operation on the selected chromosome.
Evaluation: compute fitness values for the new population.
Identifu the bestfit chromosome.

End of While
End ofprocedure.

qHROMOSOME REPRESENTATION AND INITIALIZATION
our scheduling problem is essentially an ordering problem, which
requires listing the tasks in a particular order. A complete schedule may
consist of a number of overlapping tasks, but not all orderings are legal,
since they may violate the constraints. our job is to iepres.ni u
complete schedule as a chromosome of a fixed length.
Assigning each unit a binary number and ordering of the units in a
sequence is not yet schedule. Some units can be maintained
simultaneously, and we must also incorporate the time required for unit
maintenance into the schedule. Thus, rather than ordering units in a
sequence, we might build a soquence of maintenance schedules of
individual units. The unit schedule can be easily represented as a 4-bit
string, where each bit is a maintenance interval. If a unit is to be
maintained in a particular interval, the corresponding bit assumes value
1, otherwise it is 0. For example, the string [0 I 0 0] presents a schedule
for a unit to be maintained in the second interval. It also shows that the
number of intervals required for maintenarrce of this unit is equal to l.
Traditionally, each chromosome's gene is represented by only one bit
and cannot be broken into smaller elements. For our problem, we can
adopt the same concept, but represent a gene by four bits. In other
words, the smallest indivisible part of our chromosome is a 4-bit string.
Thus, a complete maintenance schedule for our problem can u.
represented as a 24-bit chromosome.
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This representation allows crossover and mutation operators to act

according to the theoretical grounding of genetic algorithms. The GA

can now create an initial population of chromosomes by filling 6-gene

chromosomes with genes randomly selected from the mating pool.

The random numbers in genes are generated by putting a number of
(1,s) in randomly selected locations in a gene. The number of (1's)

equals to the number of maintenance intervals of the unit. The

remaining gene's locations are filled with (0's). A sample of such a

chromosome is shown in Figure l.

FITNESS EVALUATION
The chromosome evaluation is a crucial part of the GA, because

chromosomes are selected for mating based on their fitness. The fitness

function must capture what makes a maintenance schedule either good

or bad for the user. For our problem we apply a fairly simple function
concerned with constraint violations and the net reserve at each interval.

The evaluation of a chromosome starts with the sum of capacities of the

units scheduled for maintenance at each interval. Then the values

obtained are subtracted from the total installed capacity of the power

system, and finally, by subtracting the maximum loads expected at each

interval, we obtain the respective net reserves. The net reserve is

calculated by the following equation:

(2)

Where:
l/Rr is the systemrs net reserve at interval number (t),
TGC is the total installed generating capacity of the system,

n is the number of maintenance units,

UCi is the unit capacity of unit number (i) as given in table (1),

Chrom[Unitifbitl| is either 0 or /as exist in the

chromosomeat unit number i at bit number k, and

MLF. is the maximum load forecast during the interval number (k).

If all the net reserves are positive, this particular chromosome does not

violate any constraint, and thus represents a legal schedule. The

chromosome's fitness is determined as the lowest of the net reseryes. If,
however, the net reserve at any interval is negative, the schedule is

illegal, and the fitness function returns zero. At the beginning of a run, a

randomly built initial population might consist of all illegal schedules.

In this case, chromosome fitness values remain unchanged, and

selection takes place in accordance with the actual fitness values.

Щ=rc_膊∝×arοd働4レ H々]―И4
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GA OPERATORS CONSTRUCTION
Constructing genetic operators is challenging and we must experiment
to make crossover and mutation work correctly. Each gene in a
ihromosome is represented by a 4-bit indivisible string, which consists
of a possible maintenance schedule for a particular unit. GA operators
can be used in their classical forms. 'I'hus, any random mutation of a
gene or recombination of several genes from two parent chromosomes
may result only in changes of the maintenance schedules for individual
units, but cannot create 'unnatural, chromosomes.
The selection operator adopted by the system uses Tournament
approach in which two chromosomes are selected to the crossover
operation. The type of crossover operation is one-point crossover which
applied on selected chromosomes. Mutation
Figure 2(a) shows an example of the crossover application during a run
of the GA. The children are made by cutting the parents at the randomly
selected point denoted by the vertical line and exchanging parental
genes after the cut. Figure 2(b) demonstrates an example of-mutation.
The mutation operator randomly selects a 4-bit gene in a chromosome
and replaces it by u gene randomly selected fro. the pool. In the
example shown in Figure 2(b), the chromosome is mutated in its third
gene, which is replaced by the gene [0 0 0 l] chosen from the pool of
genes for the Unit 3.

EXPERIMENTAL RESULTS
The system was run on many different cases. These cases are taken
from different perspectives: population size, probability of GA
operators, and maximum number of generations. Figure 3 and figure 4
present performance graph and best schedules resulted in various cases
of execution. The population size, the maximum number of generations,
and the GA parameters are given in each case of these figures as shown
in Table 2.
As shown in the experimental results, the best individuals appeared in
the initial generations. Thus, the increasing number of grn.iutions did
not affect the final solution (the value of net reserve). Ii indicates that
we should try increasing the population size. when the population size
increased, the best individuals appeared in the early genirations. To
make sure of the quality of the best-so-far schedule, we must compare
results obtained under different rates of crossover and mutation. ny
changing the values of crossover and mutation operators- as in figures i
and figure 4, the minimum net reserve is still ih. ru-.. Now we can
confidently argue that the optimum solution has been found.

109



A Genetic Algorithm Based Approach For Generating Unit Maintenance Scheduling

Conclusions
1- The system solves the maintenance scheduling under various

constraints. The GA has been shown to produce acceptable

schedules with minimum cost.

2- The system modifies the traditional representation of GA

chromosomes by representing a gene by n-bits indivisible string,

where n equals io the number of maintenance intervals.

3- The best crossover and mutation probabilities, the size of the

population, and the maximum number of generations of a GA

upprou.f, are generally decided upon after a number of

experiments.
4- The results presented in this paper

requirement at reasonable cost for

made the Problem of maintenance

one.
Tahle-l: Power units and their main

Wathiq

show that the high reliabilitY
power system oPeration has

scheduling a very imPortant

irementsTohle-1. Power units malntenancc

Unit Number Unit Capacity(UC)
in MW

Nrrb"t 
"f 

it t"*"lt required for unit

maintenance during one Year

1

1

2
2

1

4 40 1

5
2

6
1

Par

e scheduling Problem:

lalfne crossover operator;(b) The mutation n operator
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T,h10_' The Scheduline Problem Parameters
CASE5 CASE6 CASE7 CASE8CASEl CASE2 CASE3 CASE4

Poo size 20 20 50 20 20 50 50

MaxGen 50 100 100 50 100 50 100

P` 0.7 0.7 0.7 0.7 0.8 0.8 0.8 0.8

P″ 0.01 0.01 0.01 0.01 0.001 0.001 0.001 0.001

unit 6

Figure-l: A chromosome for the scheduling problem
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ABSTRACT

This experiment was study the effect of three levels of Di amonium phosphate

(0, 150, 300 Kg/ ha) that symbolize as (P6' Pr'Pz) respectively' three levels of zinc

sulfatefertilizer(0,5,10Kg/lra)thatsymbolizeas(Zng,7n,,7n2)respectivelyand
their interaction on gro*tt uio yi.to wheat represented by plant height, leaf area, dry

weight of shoot and root, concentration of proiein and carbohydrate and some of yield

contents.
Results showed that significant effect of nvo fertilizers mentioned above on the

growth and yield of fUnt uni,h. Pz leye-l have gave the highest rang of characteristics

studied, also the Zrta level gave the highest rang of characteristics studied except of
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ĺLr― 11“■ (Znl+Pl)コ

Jユ」|・L玉」・ 出)Jュ
」|:LL●ρ 井ゝ `´

よ`ミ|リ

J書 1ヽ■ 凸躙 コ I Ⅲ Ⅲcン い夕
い :´ 'こ
ヒミIJ%6.H。 」 。`△出 |り平 メリ劇 メ

ζメ じLI(P2

ぉ出警]職l♂
げ脚許“♂
眺ゝくれ+り呻|

スロ ILユ■いdユ国 1出Lメ´JIメ」|工 J`lLkJ`L

Jヽ
‐■
Fメ
|よ」|♂工 |」 P2`… J(3)JリエJI♂ ♂

出 1伊 Lb力 Ⅲ ゝ`(4■
l

甲分 °工 `4い J井 `」 ―
]小 中 メ |ルL`ヴメ |ル国

|)‐国 1出ル

`16.54`27.48`55。
96`23.78)Lり|≦´≒メー 3ういう

…

り(生'1000●
うり■準“

/

.PO`― 」ユリ亀J畠♂|メ|ル (%35。 85`22.22

与 bり (lJり‐け |り )クコ 1脚
|ら｀う♂りJ国|り」響 16ヽり

|・ゝ
`メ

JIり
｀
一 ‖¨ 出 が

|(2Jり‐ け lυ )｀夕
JIJメ 16基)l R Al^111、

スlⅥ 凸Чい |

』≦
`こ
t」|げ二こ
"』
もヽうリコ鳳も`甲メ |・ LゝIJ ί
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ABSTRACT
SixteenisolateofMoraxellacatarrhc/iswasdiagnosticfromatotalof344

pathogenicspecimensin-apercentage.ofl'74%isolatefromswabsofear'nose'
pharynex,andtonsilsandsputumspecimens'MO6wasselectedtobeusedinthe
following "*p.rim.nt 

as efficient isolate with consistent antigenic properties and its

typical biochemicat .huru.t.ristic such as extraction of outer membrane protein

(oMPs)andlipoolig"'.."t'"'iae.(LPS)RNase,DNase(enzymes)andN-lauroyl
sarcosinate (detergent)were used to extract oMPs, from selected isolate (MO6)'

protein concentration of the purified extracted oMPs was estimated and found to be

0.6mg/ml. lipooligosacchoride (LPS) was extracted after cells were broken by the

above enzymes . th.;;;;tion was performed by hot-phenol ' after the aqueous and

phenolic phase *..; ;;"r*d, it w;s detoxified for each phase by using anhydrous

hydrazine, and total c;i6ot vatut. quantites were estimated for each phase which were

300,100mg/ml,respectively.Moreover.'LPSboundedproteinquantityineachphase
was also estimated .;; ;.;.*tages of the protein bounded to LPS for aqueous and

phenolicphasewerel3.3,|1.8o^,respectively.TheeffectofoMPsandLPSon
immunorespones was studiea and showed the role of this antigen in activation or

inhibition of some immunocellular activity by testing the viability "|I-}1:::-.",d
lymphocyte,migrationofPMNs,andT.o..tt.formingassay.theconcentrationof
OMPs(50,100,200)mg/mlandLPS(50'100'200)mg/mldecreasedtheviability
percentage of PMNs"and lymphocye with signifiiant differences (p<0'05) in

comparison to the control treatment ., while , these concentration for each antigens

inhibited the migration or pMNs celts in asignificant differences u19 
:l:,guduul

inhibition o..r.ur.J- rignin.untly with incrJase of antigens concentration' All

concentration ur.O-ioriti.se antiglns (OMPs & LPS) increased the percentage of T-

rosette assay with trigh silnifi.uridiffo.nces in comparison to control.
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´ ひ。LPS ύゝ              
上 〔́1｀・̂ヽ t」 出しぃ

舞認Jど上甘」j夏踏支濯ボ製篤 凛ゴ
LPSしハ LJ出 |つい 力 国 |いノ

壺 工 28、 lc rl.⌒ 日 尋」ヽ場 |メ
出

`壺
.Br“
`ι

JJa αbθ″

“

S｀_漁 ひ 」リメ IJ勢出しひ
口 1勺リカ

岬 1与呼 許 ダ 1増脚
い二 J♂ よ

ヽ

出 1蝉リ メ
副|ヽゝ』しCMNs)

、■lmパ 勺りL副|しツ出 IJ(PMNs)`メ
|」C銘 16う・` 1△ 卿 |｀刈 ILし ごL出 メ上|

.6二 |」 をし 6」 LPSり OMPS

ゝゝ 事 メ 許 (OMPS)げυ
国 |・田 IJ申」ノ メL(3)JJ却|´ 酔 区 リ

枷 _´ %95。75J96.75 Ⅲ  Ⅲ メ
|ド 高 ミJⅢ

…
Ⅲ」酬 IЧ刈

IJ PMNs

lゝ い J`ふ/ざユ400メメ|が
ミ`tJ工 」り1許 %60.5り 62.25J16メ響

|

JJ即 日 .樹りJひ 亀螂 |メリ ♂ JO<00つ
｀

=ヾ
ょ F酬

りゝ出IJ PMNsゝゝ ■ メ 許 LPSじハ」
|やメ」|。=

6," ":li:*.ll 
LpS 6 it+:-rllou+-rr! iijl^lliJrlillJ guI:-,r+ll-l c-rl-2r;ev-.fsl -!sl-F:2-c):r+

M.catarrhalis !A

♂坤メ|´D熱 ひ/静ご」メ
|メメ 出|ジ平メリ国|」がメ

15



1由■11
d→L_|“ コJ)」1几あたχι77a`α″″力α騰 Jヽ● ぃ 。ユニコ lψ´劇 1■メコ |■エリ、分 メ」1・田 |ヽ 3ノ ,出

こヽ■し●口J口 J・ |りり`

口́|ヴメリ|に 日`し(PMNs)ヽ鵡コ|ヽ 」ゝ16j■
“
ルニ計ニ

渉 レ%77。 75J82.5J16メ ロ 1札L´ %97J97.5ひ 【́Lス :ミ J年
`≒メ
川
|

夕ヽ
“
与i,日|♂ し■1こミ`り||ゝ ●Kエリ `出/´畠 200」がメ |が ミヽlJ工 ♂|メ |

。分 J♂ 1ヽ ⌒ YI出国 |ご国 1凸
“鱗
|.1コしJひ れ ミ`・ “Jメ |メ|ご却 Jo<0.05)

、バ
`“
Jユ 1…■、い 出 メ |メ|ぃり8井Ⅲ I社L」 亀 tヽt“』 メ |メ|ぃ も井

`リ

メ
J・1=‖ 山饉 Jノ ひ 出 静 (200.100,50)メ |メ |りい 1戸 重 出」LPS,OPMs
午口1学り甲 |♂ ぼ釧 |や脚 |。地 ひ″´ 2́00,10o,50メリしげ脚 |

。■ジヨい 亀 t`t“』ぴメリ|メ |メ |♂
～
Lメ t4・」|メ|メ|ふ 1 lA由 こが 社力|

りい J-1ヽ |。非 6り|り (HMW-OMP)け り国 IJヽキ=‖ 凸ぃ Jノ ぃ 1^“|」
■国 118.^L典 し い国 |・ゝ 1ヽ .=AIムこlL」 ひじメ ぃ ぶ轟 メタ

“

L― |

も」品 あ メ 。分 J“ ■ Jり・ J(29)』Ь JIり巳 1区Jll■ ‖`メ JIヴ
。

"勺
リト ツ|

6ユメ 1札L融 ≒メ ^1‖ り国 |り PblNs l週|“メ 渉 じLPSメ ♂ o<o.o5)
(出がユ200)dLPSひ ど口|メメいt井 札 L411ゲメド

`|ツ
|`メツ|メ|メし

望甲 与
し出|り国 111… 』‖̂ lY F、ミ1・ “̂11 LPS●1許 」≒L与 刈 ´ 分■

`メ JI20000り |ヽ11l LPS a中…」|ぅ|ごL¨ ヴ」し、́L】 1醜jlへJL`出Lユ L石Ⅲ口増ljl
げメ」|ぬ YI二 ‖̂ rひLPS メ Li｀ ヽ̂ヽ ^● |(291 Ⅲ Jし

(28)(3)出ムJIりЦ l t4g 6ン

.臓 が1麹国1榔 I JI`ヽ角 )ヽ」 |ム」メ (ル、 LPS郷 ●1年

」
1こス1ヽ

|

もJL副 |い)」 |

o<0>05)ヽ■ こリメさ分」*

メ |

揮j島ボ
1州
:品t計だξ器])葛1営習躙

亀りL`¨ 1ムlJ(PHA)びづ刃|」占」|。 |ヽtt“ぃ」は」|`ユ押し神日16ユメlυ■L
:ひj°のお」」|■甲I MII評 がヽtt“ メヽ |メ|ふ メL

.`♪JI Lヽ ∴1:(0.8←判 )MII」|.評・
。年■む■:(1.2-0.8)MII」 1戸・

角」二Ⅲり」し(PNINs)じメI JlS16o ・ヽ1^コ中出|し刈 |≒■
"“
L OMPsヽ気・̂メ:3-JJ■

刈ヽ 1事J～メ 1御 |

■|夕3YI土 J｀‐̂1り も」こパ1‖

_  (げυいコ|

し兆

“

Jも」 1御 |

■ |♪」ツ1土 JL」りPNIINs

(fυt■」|

←` /´畠)OMPS ・` t―メj

2.23=95,75 1.29±96.75 ●りL押)_ル´
1.25■ 92.25 0,78± 93.25 50
2.88±85.5 1.3±87.25 100
0,75■80.25 27± 82.25 200
1.69±73.25 0.9■ 75.75 250
1.67±67.5 1.34±68.75 300
1.67±60.5 1.03±2.25 400

」(PNINs)`リコlJ`島 |ぬ 。ヽ1^卿 |し〕」1亀出,■ じL LPS｀ .・1-ニメL:4-JJこヽ
い刈 1事メ ≒メ 1御 |

■|´」ツ1土 J・ヽ^1)も」̀
^111

__ (fりい劇|

Ⅲメ リ 1御 |

■|ジ
“
り1土」工■りPNINsい )ム

(ψりt■」|

(どh/諄鮎)LPSヽ二1-_がメ

0.87±97.0 1.32±97.5 IJLい)井
0.78±93.25 0.75±94.25 50
1.00± 83.5 0.5± 87.0 100
1.25± 77.75 1.73■ 82.5 200

:|

16



も」Lユ |「井 ム■
20011 ,3 :r'll ,22 :l+'il

3,゛|夕出:(2-1.2)MH」 1評・

メ|メ|け→J♂出1出メ IJ
■→ 6メギ16メ|り」 (p<0・ 05)

中 メ1許 出静 200,100,50
藁り響|もメ|。 _戸辞追 |い´
;メ |。 メ」(p>0・ 05)ヽメ“

出
`リ
メ

耀 樵 極宝ど 牌品出瑞椰躍

∬露己だ賊ゴ郎T曲帯儲躙
J≒ L`PHA颯′」力|」=」いたココ

|ゝツ

Jウ しり|ら即|こり5 JJ`PMNsり｀ リギ耳L」占_メ|メ |・早 J許
.OMPs｀ 気ヽ―メζj Jう t巡 ■井ぶリリ‐

JK島|ぬ ‐ヽ1^与こい|し叉」|も,い J`LPS~1.“
AメLごL(6)JJう串lc出タ

轟 (MII)6,゛|≒■出しり`メ
|

6鼻押|」 尋国|`井メ1等■し げ
メリ|げ 」ヽご国1凸メ 1壺
■ヽ→6ナギ16メ |。 メ」 (p<0・ 05)

ぽ批tデ;お1宙ぶ歯ばttl)誡♀ピ翼
踏壼ゼぷ

|ふ6ゴ
巳
11路五」酬 I滞200,100,503≦ |りJヽ PMNsヽ りL卜 型Lし“ |

J16興 IL■ 瀕 」 (P<0・ 05)ヴJL″ ふ `1凸
」LPS ・` 1… Ⅲ ひ/静

Ⅲ
…
い ♂神口|も脚 |ぽ亀ル ■メ

1許 0.54り 0。 68り 0。 79

メ |メ |。早 J〕■ L PHA井 」 ヽ私日 |ゝXl｀岬 10.68 MII」
|

邸 井ヽ もり

「

喚 IJウ 甲 |こメ 」JPMNsLゝ 6興 い |メ

。θコ曖1り LPS ・` 1・・・A_がメ Jう

赫 tII翼酬 I認
1益

亀乱品F選蜘
16ぶ
心

率 」 バ リ
」 |い ■ メ 16井押 に 1｀ A♂ IPHA 3上 JJ ttJ`(1.2← 0.8)`型

黙ピH岬ご歌な選 孫瑳1型鶴F淵凝菫
:配ご即1酬囃樵
畿「 I鰤融蝉´メ PMNsし｀ 6… 二■♂ (PHA)
Ns Jし ‐  社単 凸い  

“
メリJ

'‐
」井J‐飾描1笛

「
轟盤部:翻

17



`ヽ
LIひ コJメ |ルわ′α ι/ra“

=解
hα′なり_漁 ひ

“

Lコ |、‐劇 |■脚 |■工 J_り 国 IJ・=‖ J」 Jノ メ
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AJ-E:i*Jl i-LJl / r1JJlqls 7 it;Jt t'rt' er

2010/l l/14.',-rrt Jr+ gi-rii - 2009/10/6 '''-trle$ &-rtr

ABSTRACT

Inhibition activitv of Lactob*itl!' sasseri and^ 
:{!:::riiliXk;' ,

filtrates was '*OitO 
against -t:*t 

pathogenlc t

Pseudomonas o;'i'['no"1 .' xiiti'ito * ' Shigella Jlexneri )

Staphylococcus. o"i' ' Escherichia coli 
rnd

Inhibition actlriy"-if' p'o"in that-. extracted T* L' gassert 
?

Bifidobacteriumsp'filtrateswasstudiedafterprecipitatebyammonlum
,r,lphut. ano inniYiti"'^tti*i;;ii;;;6iirc ttuttion ttrat extracted from

bacteria filtrate with chloroform - #;;"1 (1:1 vol/vol) was studied also

1-#'TJ,X'fft:il:JJ;",X1,,0n,o., u:'i'i'v .:,: t::' ,1 so"-::'-,, and

Bifidobacterium sp' filtrates protein 
' 
of L' gasse'ri 

'and

Bifidobacterium if'ugu"{ P?lh;;;ic' 
Lacttria' while the lipophilic

fraction did not J;*;?; irtriti,i*'".,irity against pathogenic bacteria'
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f9.57 4.67 4.00 2.67 4.00 3.00 2.00 46.67 0

Alert

bc 3.85 0.67 1.67 1.00 1.00 2.67 2.33 17.67 250
b3.33 0.00 0.67 0.33 1.67 5.67 1.00 13.33 350
bc3.62 067 1.67 1.00 1.33 4.33 1.67 14.67 500
h27.04 20.67 38.00 31.00 20.00 21.00 28.00 30.67 0

亀JL」 |

gll.09 5.00 10.00 18.00 10.00 10.00 11.00 13.67 250
Яll.66 2.00 9.00 10.00 12.00 15.00 10.00 23.67 350
ef7.04 3.00 5.33 5.00 9.67 7.33 7.33 12.67 500

a3.25 b4.87 b4.87 c5.22 c5.56 b4.75 d22.13 」ヽ‐̂‖
1.33

0.881 LSD■
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ABSTRACT
The study was carried out on mature barhhe dates coverd with plastic and compared

with uncoverd which stored for inonth.Effect of covering,cla五 flcation and different

temperature degrees extraction on invertase activity and glucose level were studing.

Glucose level was detellllined by two methods 3,5 dinitro slycilic acid and glucose

oxidasc(enZyme method).Total Carbohydrates,pectin and sodium,potassium levels

were deterrnined to knew the effect of covering on these components. The results

showed that covering increase the inevertase activity reducing sugar(glucOSC),TOtal

carbOhydrates pectin for both extraction dgrees    (60,83)° C.The potassiuFn and

sodium level in the Juices which extracted in(60)° C were decreas but in the Juices

which extracted in(83)° C werC increase.The clariflcation decrased the glucose level.
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ABSTRACT
The numbers of colony folllling units(ch)Of ingiin the outdoor orindoor air of Al―

Khoms town and its rural areas were recorded. A silnple instrument was used to
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is passed frorn the top and dilused out from orfflces at the bottom.Results showed

that atleast theses two nutrient inedia are required on the bases that about one third of

the isolated ingi were grown on one culture medium but not on the other. Also,

growth  or isolation percent of the conllnon ingi Иψθ

`gJ′

′zrs , C′αグοΨθriν
“
 ,

Pθ″′ε〃Ji夕″ or/ルθr“αrfα were differed on both media.The ingus И,ρθrg〃′夕s was

dorninant in the outdoor air in the town or its surroundings where isolated by 65.62%

followed by Pθ″′ε′′′J″′? 43.75 % then 腕 ″′′Jα  12.50 %. In the indoor air,
Ciαグο,ρο″Jν

“
iS donlinant where it was isolated by 69.40%fo1lo、 ved by И,ρθrg〃′夕s

67.33 % , Pθ ″Jθ J′′J″
“
 43.70 % then  施 ′′′′α 24.42 %。  On the other hand,

C′α∂ospο″′夕″ donlinated the outdoor air in the rural areas being isolated by 39.21

fonOwed by Pc″ Jθ J′′J夕″ 8.82 %or И′′ar′αr′α7.84 %. The isolated fungi fronl the

outdoor or indoor air in the town or its rural areas belongs to 25 genera.Some ofthem

belong to Oomycota e.g.Pり′9ρカルο′η or Zygomycota c.g.R乃 ″9ρ慶 ,力εοr or
Ascomycota c.go Cttα θゎ″′

“
″ ,G′ブοεル″夕

“
or Basidiomycota e.g.Rカ ルοcゎηJα .

However,most ofthem belong to ingi imperfecti which do not form sexual spores.

Fungi that were found in the indoor but notin the outdoor air、 vere Ca′グ′da,協θοr,
P″′9ρ乃″ο″ ,R乃ルοcゎガα ,■ηタルr′″ sな ,S′ηカメ′ο′rたル″ or Srθ″ρ″′Jν

“
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However, these ingi found in low concentrations that could not indicate ingal

ponutiOn.

`1.JLJ`ョ
:)'t:二、.11

.いっりt戸」 IⅢ」 げLI』 Jげ J国 l夕 lJI´ □り,国1ひ 3/色 劇 亀メ 1出1、りIJ工 1ゃ≦ ´
.り井
…
J,|」膠|♂ 出ヽメ劃|げいlcル ■メ |´ J

ftt f力
`■

|“二名lυ」|【 1́、 1 1lLl^11.1」 1ひ 311り|ン!“ ‐ jい ´メ11ミ諄|ヽミ11
.ご■́ oしJご卜|。 Sabouraud Dextrose Agar J Malt Extract Agar 戸 |″リリIL」|げL

が よ 亀JメlⅢ脚 |メい ひ´り。卜 .Jゝ 許 辞…」o押く・ 16υ」メ ご国1‐ |

出 場田1出 メヽ 1メ
`●
l us.。メ め。し■」1工1許 。́ い Jい 。I YI`辞ロメl

」 I LJひ
【lkミ |ぃ 井 ぃ墨 JИ ′′θ″ αr″ J Pθガ θ〃′

j夕″ J CJαあ ψ οr,夕″ J И ψ θrgJ′ル s

`夕
≦ ぃヽ■ J,こ ぃ ■ヽ ― りυ“̀』 Ⅲ

」 げ Jヽ出|・ IJI♂ /ψθrg′′ルs'国 16」… L、 .メi
33L・ メ鰤呻 .%12.50■■νbガ′Jα ド%43.75■■ Pθガε〃′ル

“
メ」1出 %65.62(´二1・

■ %69.40‐
`J」
J去 ⅢⅢ げ」 lⅢLご Ⅲ ゝ 許 |』・ lJI♂ C麟あ Ψοriν″ 脚 1

メ封1・‐ J%43.70■ ■ Pθガε:′′Jν″ J国 |´ %67.33‐ ヽりLヽ ■ Иψθrg′′′ぉ 」国 1

…
Ⅲメげ■υ国l・lJI♂ c′αあΨοr′夕″メ』|。こ円`メ

iヽぃもぃ .%24.42■■脆′,′′α
7.84J8.82 JlυLoこが|」■И′た″ αrね JP´″Jε J′′′″

“

こりjL」1勺|%39.21‐
`戸
Jj・

叫 25 Jl。メ いわ 」ψ JI～ ユ ♂ 詳 1』 Jけ り国 |・IJIぃ ■Jメ 1出Чり国 |.Jり1許 %

■≦力 | ● メヽ dl J Phソたフカルο″  び・ (OomyCOta)ヽ 島JI 出Чル出1 」 | 。メリ い

」C力αθ次,“′ν″ ごL(Ascomycota)｀ ■夕 1凸Чル出lJルタεο″JRカル9ρ夕sよo(Zygomycota)

出しメ」 1`ヽ
1と |ビメ `Rヵルοε′ο″Jα cL(BasidiOmycota)● ■うい

1出いメ」 |」 G′′οεね″夕〃

53



いりJ(叩)υ口 lⅢユ́ ■回J‐押 l・ lJI Ⅲ勢
ュMJ_lJ“ ぃJ静 |ノ !

とり
ヽ 亀メロ 1,0こ ■メ 出|ひ J(Fungi lmperfecti)1・ ^`国 |こL排 出l JI oJ■ ■Jシ」 |

ひ ヽ■υ 」 ψ
ヨ |～ヨ

げゃり
国 |夕 1り1♂ 60分メ メ J～■

'|夕

|メ Jる。,メ IⅢ J』 |.与串 |

J PAyたフカ′乃ο″ J Srθ

“

ρり
,″夕

“

J′И″θοr J Cα″′あ J■ 9,″″ rJq,sお JRカルοθゎガα
.リメ 」1出脚 |メニ Jl_メメ ツい いた■ J却い う≦|夕 凸、 」出 メヽ」 lo工 け → 。S′響カ ノわ″ノc力″

“

`A.“
。.ヽ li“。ユ|

り ,日lξ り■メ |ひ ヽ ゲ ♂
出甲 |こ→ ♂ υt過ソ11‐ JJ苺 3oい IⅢ 脚 |

.いメ●しが♂」●Lソ |り山t劇IJ出|メ|ム |ゃ」許
』≦ 」Lタ ム 出 甲 |。井

“

し ｀|`…1い い ´ 型 が 6ゃ工 ごLⅢ メ 釧

“
|ン
I JI亀LI♂ |りⅢ L“へ‖り≒却 |´ |ン |ゝ… Ⅲ ●Lγ lり J」メ1許

.`ォ |
毬 oゝ 」り甲

`。
|メ|ぃ が 1占脚 Lメ ヵ 甲 I Ⅲ I出井 ぃ ,|り1漁

dニメヒゝ脚Ⅵ‐りJJ J卓瞥ゴご∫織総 jl型麟織。(2),|り11・ `J夕 k二 |夕|ルぶ出し却
●1出 。(1)～勢 上メ c■ 」と|夕|が■ ,|り|● |りい 1■ .Jメ olJI●LJ腱 メ 出

●|ツ1■□ |ひ げ争り国 |,|」|ひ び 1ヽ "』 り亀口 1等夕 |よ lo出いリコ |り ヽ一 。勇

´ 町 と
|夕｀い

い い ■ ♂
1上」■ Jり臨 ゝい ″ |メ|´ LI。 6う分 ン 、脚 |と |夕 |ゝ

●L国|び』 .ヴメ |■刈 |ひ と|メ |ゝ。ゝ J出 ぃ Jcり |が ,IJIひ い ハ

～
Jがし 坦 」 |,日IJき ぃ |,|りIJメモ ル ♂い IJメ。ぃ ●Чリコ |い J二呼 』
t:」興 |り ,ti」占l ol」ン.♂ よ 」 出≦リエ|メし 甲 |メ IゝJ光Lご,ハ J.|り |`Lllくl etLJ

。(3)ⅢK8_脚 ■メ"り|ヽⅢ
l・ 1‐よ」町甲凸Lり区

許 6りL凸|メ リJふ Jル 出、aゃ Ⅲ |ゝふ |・・|メIⅢ勢
“
‐ |

●1区 亀 国 1凸 |メulJス コ 1、 パヽ ‖」 出 甲 1中 出 Lル 出 しヵ メ |●1ヴ 11ヽ ハヽ‖

い・ J″」 1静 ♂ 1凸L,日 し。●饉 押 ■ 」 |さLキ J“ メヽ Ⅲ 亀国 IⅢ脚 |

夕事 」こ刈
|ひ ≒≦ J♂ |■が出|♂ 工 L」 Jぃ ‐ IJがIⅢりL出 山い とぃ

び J■螂 詳 |』・ |ズ1午メ げい ■ Lメ ♂ 事 い 1区 ■」 |メ1ミ 』

。(3;4;5 ;6;7)り |夕 |ゝ

脚 場 :爛1占Jメ |゛ jメ ♂ 11■=A‖ び 内 |,い ♂
～
“
脚 |と |夕ゝ|メ メ Jウ

」 oい1甲雪日 ξ Ⅲ メ リポ Lひ ♂ L♂ IⅢ |ゝ」 び 口 |♂ L・L Ⅲ J国 |

ひとメЮ∞∞脚Ю融L壽υ」J∫壼登淵じ買蹴
〃

。工 よ4-山 メゝ轟|ジ」 亀るD口 11日=A‖ 社 Lゝ |び o」||ゝ ♂ りJ`(9)■壺劇 IJ口 |

もヽ J910 JI甲メ IJ■光 |ゝ●jLL J Lナ ム ,|ズlξ も脚 |●LJ劇 |り と|夕 |ゝ

典 」 ´ ョ亀国 |ふ 出 リメ |´_メIJ。31J(er⇒ 6〃品 出たⅢ
。(10)■L“ ‖`

～
L♂い」LJⅢ |ゝ・ |メ ♂6メロ|●与リコ|げヽ|“■■メ リに岬 |■ゃ

。い J」二 評 lJLメ リ タ出 Jい JJげ 」 |

脚 1夢い りJメ |

:亀 ミヽlm』 ■ |コ|ムL夕 |

`■ 40 Glucosc:Saborauds Dextrose Agarこ濃|IL」 |こがL“り出 FIヽ
ミ1.1´

Malt:Malt Exttact Agar J。 出 1000」轟 ,L`■ 15 Agar`■ 10 Peptone
.ふ loooメム .Lり ■ 20 Bacto agar(BD)`■ 20 Extract(Oxoid L 39)

54



20011 `3。さ」|`22 1ヽヽ ^11 !)^-i:*ll aro 4l+-

:・ |メロ|´凸リメ」|けいメぃ
oし,よⅢ■1…づ曝、F‐」 ・́IJI♂ 凸いメ」|げ甲Ⅲり16央ゝゝ|メメF」 |し出
Jメ匈 α響 リメ 峰 J。キ |い ゎ シ リ こ日 |」 ご出 め [´L`,L許 ヴ典 Fメ |

ヴ脚 |リメ」IJ鰤 ヴJ喚 Lり饉 |こ～
6メ_凸 1、 1こ どり|ジ週|ヽい去‐ ″ |_り |

リー 増 脚 い L誹 ■ 挙 メゝ
蹴 兇 癬 言′習 璽 」 ダ

ごりJ。しメ
|り』 嗜́ ´L率出ひ

|コ|ム」」|。■ ヽエ ヨ 1 6LLゝ |むЬり静
～
」 |・コ |エ

1lLi^‖
ひ .|り|♂ 静 ´L」 ひ bFL!"し 」 メ な L許

“ ♂
墨 1'いヽ t轟LI

cttJ f脚 |リリロ 1昼 許 ‐ 渉 LL.甲メ lル・ |メ 1ミ ニ ハ:LI夕 Lリリ」 |

ムLリッlc‐
e｀
L、 ハ… 。し」IJ二 |ご´ こJコ |・ |,JI.oし 」I JLIこりtヽ。ぃ ,|りJI

出 吼 |〃 い い!´ ひ 」■ Lり|。日 ヽい 1・ ^1l JIヴ リ L`■ ゝ|♂ ■ り|■ |コ |

、Fl lこ
■^‖ ど,ハ ム`)J」

|,|り〈」|ユ
1^く L二 JXご ,4J.(11)ヽ井 上J諄 ♂ 」 と|夕 i

墨 」|≒≦ ´ oL´ 分 ♂ ■_井 い いう亀|ル !ひ・ L411なり が ミヽ1■ ●卸 |ぃり |

.,IJIひ 3.1ご。ふ|い 1ミニJ(卜」Fj刃 |

:凸Чメ劃|どぃ301リ
ンリJもコ|,■ 工 ,L」|ひ ´|コ 1上口」1許 も押 |ヴヵこ1ユ|けら」。1

ひ社卜 出K♂|い■L`■ |`(μ
`JJ臨
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ABSTRACT
This study was conducted to evaluated the efficiency of several insect growth

regulators IGRs against larvae sping bollworm Eaerias insulana (Noctuidae:

th-roughout the growing season 2009 Lepidoptera) on Okra plant Hibiscus trionum L'

.Resu[s revealed that aIl IGRs were significantly effective against the insect , but IGR

Hi-catch was the upper in percentage efficiency of control the insect , reached to

82.01%, which signiircantlydid not differ with Match , Nomolt and Cascade ( 81'11 '
7g.36 and 73.1% respectively ) .The infestation rates of E.insulana after treatment

with Hi-catch , Match , Nomoti and cascade were recorded 10.18 , 10'56 , l0'92 and

12.23 % respectively , compared with control , which reached 3ljl% ' Field study

have also indicated inut poiutution was decreased on infested Okra fruits, reaching

0.45 larva / 10 fruits for Nomolt, while Hl-catch, Match and Cascade provide the next

better protection against the insect by lowering its population up to 0'51,0'55 and

0.57 liwa/1g fruita respectively, compared to 1.77 lawa I 10 fruits at control .All

IGRs were superioi after the second spray compared with the first spray'
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oijl .-l,ij,,s kSl _r (Indentatings) jJrX el-Jl LrLL 1-p! irtc 6J.-ll ,-iJFi

iJ+i,.a Jt^-i d."d-l+ dll3 J ,'L:Ji erlJl iJlS cLl-i: tr& ge i;g:6t+ 6JSi r+'l
.,,lxl -P -1ts:.1 -eaj

., t.61.4::--t*Jl 6-ttj.ll ,rs fuJll cta-.i:lj;rlJl LjtL grl;il;$.-ll +-i+i d[,]-,.:

ut eJ-J oS t.L- rl-r ir iiiir u,,jj-) 6rLe arrr""r ,-r-,1L1-3Jl cJ. ACI l.ll el-,p,1 r.lcj

uJ,. oJ",:,i YJI di.--J ,;[i .,+r^]l ,,,lr'tt ;U: rjo3 s ;llr-"ll erL-Jl irlJl o-i Jrl$l
.-* .jl:6.D.-ll u$l .:-,,t irc r;.j,r li.l*, UJSj E-.r (Plastic) grl oJiS 4'+ (Elastic)

dlYlrill ilJ .-'-=i ,"t' lll ,j+ll OfuY LL'i; J-G.l Ol l.-,l irrtll crl.:rl-i^ll cDi
dt"-ill .-*!L JU3il L+ (Crack) 3r' rll a{r" rlll 'Xl O-,5J u-li. dls& f'..1l JF

4-ii drs-.,i| e i$U*-tt: ir).-lh.ill rlj,"ll ore dL 
":.rl CI-i

.s>!l Jl13iYI drlJrii. j s g,";Jle6Jl!l a+-,rl k-- i ris &l-r+ iJ.-ll -f[:i
6J;: .(S)kt cp;l .,Jl o+Jtlt oLl.^J] 3 6rtJl #.-!lJt j rpri3.".Jl Jt"-lls

,3! L"S : i ,r$ll q),-g$l .pjJ.-Yl ,rJc ist.3c! ;r).-ll ,yt+! #t-rt ii- 5i3 Ltc
:(10) (e)

.(Rockwell Hardness) cLj-r-l 6l)"o .|
.(Brinell Hardness) Lhj -or)t'- .!

.(Vickers Hardness) -,1 
S*i 6r)'- 'J

. (Microhardness) q-rJ$!t'or)'oll'{
.(Shore Scleroscope Hardness) +:S-3is-JJ''i 6r)"a '$

€ill (D) r (A) -,13- gplia (Elastomers) +ttJ.^ll.slJCCl er)'o (.,"S CJ

;J-lj- ui,- d.= JSti,',-r iJtJl el- LJiil JJ,-J| ;t.li qlilii j ,irrJ.il j;E ilrl g;A
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けい d≒ ``⊥」1辞」 び」 IJム 出|夕』ソ |ゝ 出 りJ共戸
|ひ ■口 |』」 |メ勢

.(H)うメ161J榔 ♂(D)″ (A)υメ
1ムKI」 |♂ 脚 L』 ナ Jメ|¨ |メ ´ 1ヽ・JJ租 ゝ メ 6o)し げ い み
lL…'メ」16。光」 1出 |も 出 |ジJメ |夕巡 墜【`ナ越 IC距

111・ 11コ1■1.1 6olう 6。光」 IC」

♂
亀リロ |´メ リi■ 6■・JI」 社声 1凸1脚」 亀 J口|ふ 出 り `二 亀りL JLL

LJ(Rebound)J“ リソ16。光 」 |げり 亀 鼻 〆1ム・・
j壺 う。)_」|げり

`メ
|～井

典 ユ ■ ソ||ゝ 」(ShOre sclcroscope Hardness)甲メ
ロJメ鶴 リメ ≒ ジ■ ■ 丼

JJ柱 L夕 ヵ 』 ´ メ リツ L♂ 出 L``メ 1ゝ6oり画 |げり 出 |りい |″ ■K3り聟
.～」1辞口 」 =スコ 」 16夕 |」5J甲 ■ L63月 IJ`よL

もコ|り (Hard)°・ハ彎戸 ♂|りⅢメリ|(SklerOs)1^Kぃ 3もいL■」|
げり 甲脚 |たり |こL許 1讀1ミムが 16ル 麺しμ 」 ■ -6メ 上L!岬

″ L。 15り!」増 6メ|り!:゛ 11・ ^リ ヴ」|こLLリツ|こL卜」リリ、⇒▲ハ｀ L卜う■メ 1メ い。Dた・・
亀LLll´ 1■・ ハユ1ムく甲 ●‐ `等

い́ ソ|こLリツ|ひ 6“r」 |こ■ 」ΔL° (12)たり IⅢ

い |ヽ Lヽ Jい ヽ」l挙♪ 亀tL J!JJ〆L亀 LLll。ゝ ●LL`‖ Jメ し、ト リL国 |

雲 電 |ビ[麟 樹 』 i虻 統

『

1亀

□ ふ ひ 叫 沸 』J甲 L
いo‐ 4J!≦メロヴ」|こ出リツIJ`LJ5υ !

脚 ヽり `Jl●メ■
6り■ゝ|り|ふ五Lヴ 」|こLリツ|●L』 ヽ J`6脚 ■SJJI亀tLllひ

。(りもうLメ16°日|」
“

メ |ゝこLリッ|●じ
●lJl,1ミッ|ぃ ス≦|≦」|〔´|メ|げい しメ メツ|リメ 6。光 ユ■1彎

`。
(14)■ 1ゝ甲い文

“
|メIⅢ t非 よ4J`メ マ|

■F_が ぶ 」 lこト ョツ JLし メ 亀 ■`1・ Ⅲ̂16虫ぃ |ゝけ畠リ リ J`ミツ1増J中 ‐1
桂 L

。メ Yリ リい エソ|ユL≒ JI」

“

出 Yι =‖ヽoOndestrucdve)≒ 口 |■ゝ !F工 ‐2

。LLI,■_饉 。メロ。メ」|●IJ上ル 出
ュ島出亀 JL出

`メ
|し´ |メ リ1“｀J!どL」 6。ゝ」 |げい ぃ う」鳳 ソ|び鈍 い3

.(15)J)」 |なりLJ
脚 |♂|メJJメ |

:PIIatrix cHLゞ ||●しユ|

6り |ジ」をっし d厖 出 メリ」Vメ」こ」≒い」‐りJ― JメJI♂ |り がヽミ1・‖戸
6■ .ハ ^60L亀 tL、 ■ 1.｀1^“料 l夕 」 IⅢ♪』 出 6)“ ム≦ |り 凸 |も 。メ 1姻島

』ヽ りひ響|●」JЬ 6-さⅢメリ(HMTA)こ》||メ ♂■歴響|ぃ (Hardener)
00V01ac_HMTA)酔 |リ コ■ L兵゛|り 」yJメ|ひ 上共 に■ Jメ 1静

.■り ぃ」L
:ひ」J」ツ|ひ 諄レ」がヽttJ´ :Reinforcement Materials磯口 |●い

:Carbon Fibers●嶼」国ldり |

よ」しけ」|ひ 6。し亀■い」し りヽいJ(HSt)こ」ひ ●メリ国|■りに“
ミヽ・ J

甲りLりし ■■ハ 凸いり。ご (PAN)めメ 勇メ |がメ |■リツ`■ 脚 |げ♪メ |

■い夕IJ」出 J口|い喚 うL:♂ |●メリ国|■り1許 い ■→ 2600°C
.リロ|ゎ|メ1凸いメ 』≦」υ“

|メし

:Rock Wool Fibers`メ L」ld9」ld口 |
■り|〔4Lム1り L出L■り|」

～
井 ■り|が■⇒ bり|り‐ ひ ■リリloゝ ♂

oゝ

“
.メ|』 メ=VIい聾 戸 」(0.7gttcm3)LJム 亀

“
f押 |■メ |
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ロツJメ16い|メ リメ 6。L戸 」・ l Jlミ J■叩 1興 |メ七も|ジo

1- i.,l. L" 4$!.S L_tl+ jE i_l 8000oC cl-* ig l,..*t 4+lul 4JJlJsJl djlJ,,ll g. ei$)l
clJ^JlX lC ^J. ri r.,<, L:l^: o+!-l<tt dlJ. tJl cli: *. ,.Ul Ci.- ,t' ;JgS 1+.af ull td,+J

. 6'Jill i-,," l+45ll LJli^ll cr[i- crli
: Mold Preparatisn ,,.tlJill@

rtqY!: rJ &-ll +.r.ll cl. dJJ=j ip 6_,rLo ,,o: Cti # j r^..r. rt r;.- g,--pJ. I
. (t; cJslt ,,s K3 (:0,:o ) .-'

30 cm

・e｀
ミlⅢ
^‖ 中国|し 1ヽ:1_よ銘

。し手郵1早`いギ苺うⅢL与`Ⅲ♪IⅢ口|■ギ■.2

粛応ゴ塩″   鵠1郷ギL蹴
)ヽ ■ 国|び― IL■ 増jLるo墜1(PVA)

Addition Ratio's ttulッ 1早

“尋国1亀刈 1許 ム taりヽ出ムJ30%oJム _)■ J≒■ 山い |メocⅢ」 戸
(11)

… … (1) φ=
1+1うヂ笙〔芳)

毬1川 1 83Lll♂ ■い文♂jメ|パ |―:″年
.」 |メ1許 ひLゝ |`。日し■日` 1亀К _:ρノ,ρ″
.不|メ |`。日|ひ己り知ぼ却 |ジ越|― :φ

.                      : Preparation Technology Ч浄饉n」1租
戸刊凸い」|夕と`ξ Hand_Lay Up Molding～リギ

1神」|■メ `´
1^ヽミJ。 1

(」ツメ」りげLⅥう。口|る。Lひ与 (a)
.(●ヵ国|■り|+」つメリ挙|ル 6ムい与 ⑩)

.(ヴリニ嗜J■ メ |■り |十 ●ヵ 国 |しり|十 」ツメメ リたい 挙 |■ 6上 ぃ 与 (c)
工 ■ ヽ桂 |」し い 口 1口 とヽハ|メ|_リ メ 6。)― cF響 4“国 |口 |メ |`´‐■1.2
亀メ 山LJ≒J●那 |ゃりKJり Jが tヽt・い よ -1し げ劃 1尋工 C≒い 。 う。光」 |

‐        .げ 副 JJ』 jマJI」 申 ■ 出も 1甜1ミ ム
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与

:Test」い■Ⅵ夕|.浄l…

`X♂
Ⅲ J口|げ撃口1滲J8ナ^」

|リメ 6D― ユ■1桂国 IJ■‐J。‐ギ
(60`45`30`15)18●ミぬュぅ●|メ ■(ひ `6工[`´いL)'讀it^■ぃ 出し
(3`2`1)J」コ|♂,d」|こ出り■ j`メ が‐リメ 33)L二 ^セ |メロしrタ

。ご国1亀」島

“
メ (4`3`2)JSyl♂区ご国|げリリ

:4轟日 しご国 l

こ」も脚 loゝ がヽtt■

“
メH軍 6-|ぃ 国|ぃ 6・ 」ゝ|けい´

ユ1⌒ 1^‖
ご
Ш I出タユ ltバ d」 y、

～
コ |■ `´

,1・ 1ヽ」 6。光」 1評 。|ユム」J(ShOre)
JI』Ь´ 早Ⅲ I。男 ,こ工』 ご |い 。L16。Lヴ ■ ム■螂 13」」IJュ ■ |ヽ|｀ ぃ
も,光 6●X」 |ひ ■J占 デ gillJ(JJツ |ひ こ」

“

メ |“、 ■ヽ )み螂 |…
3■ ^』

`●

LAll Ⅲ  Ⅲ 亀LI工 F¨ヽ♂ り lヵo JI亀LYIひ 」 lυり |、挙 メ 1許
■|メ|‐国 げ喚YIメロ|≦夕|ゝり8週|ぃ ぃ 1^ミ い 」lψ・メ♂|

■ 国|■|メ|もLJ。メ■ンコ贔ツ|`‐■3ヽぅ立 Ⅲ́ヽ“
ら●口|¨ |メ■■国 |

JIい,(closely Spaced)こ 夕 LJご井」|夕」|ヽ■ c■ ヴ」し(Cross Links)
.(15,7)3● “ゝ」

13●ぃぅ
じメ嘔■ |ン ●|タリげL13。しひ 凸甲  (υメ 6・光a)め光」|メム |・|)1戸

織 捏拭f出調曹懸盤歯
硼
“
週 |´

“

L`リ ニゝ暉り
“
コ 1評 ♂ iメ iプ跡 還 擬 ド

.(3)JJコ|´¨ ´区JJメ|レ JJ｀|■Ь」却13・:L評 ´ も響 1挙|メ |

`´
、ヽ13●t411極

♂
出 ●!出 ヴ」|●』 l oJ出1副 国 出 い工

“

|ド● 6o)」lrⅢ  Ⅲ J

蚤ゞ 惚 颯縄出記蝋寛ぶゴ出ばも!4
国´ ヴメ

|し,コ |が J■ L!汗
“

JメS占 リツ|い Lれ o分リ
ー

6。瀾

(9)。』|。メロ|ひ ■ 」ム出|ム
Ⅲ≦ひ■り` |い こメ||■ 汗」|コ ‖̂‐ 1(り～

|い う メロ|じ
“
崚 』≦

(10い メロ |■|メ|`週|いは
6。いうど c■“

ミ5興 l■
`|メ
」|・ |夕』J■≦|メ」|●|ン出ム、く、1く 、̂n crJ ^ミ‖●!

斌 :ゝ光量≧ぶ     |ビ買し註洲
ψJ´ し yl C… 』も,1■lt J枷 .^K‖ コ 1ヽ ^‖ ♂ じ出 16メ め jヽい国 |ご却 」
い 亀卜 もJメ |・|メ |● |・」

“
メ 区 り(4)J■メ 1標 L■ |メ|`j´ 占_

」 ‐い 夕 lJI LI夕 ぃ 中 ど 凸 1瑯 loゝ 邸 」 山 ぃ 」 、 し メ 3ノ‐ ● |ヽリ
6●tAllヒlo JI■甲 1硼ヨい♪エリ`IJメ

|´ Ⅲコツ|ムいリツ|`jお 二
`tミ
^

郷た皿 識 刷まぷ 覆1琳博 c淵 |

_,1』
出

(3)`(2)J饉 IゝⅢ二瀑 (3工」)■郷率 |―「 ^ミ‖cル 硼1ヽ』メLひJ
Jメlcャ■」り却 』ヽ

“
メ́ |もっ■J,Lど こJ“」ICヤ■」3°以`d』 評ひロニ |(4)

ひ,131・ ^JL´ ちυ‐ Ⅲ・ J■|ル Jメ 3o)」|´ ごLり ヽ押しヽ|メ |

ンロ|もυi`Jぅ |しもも|.占 」キ|ェリ。(3)`(2)`(1)JJコ |げム五ヽ =メ |りふ●ミ̂。しjl

つ
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,+ 
dlYlCl c.t5lJil -)Jpi 6r)E 6p.lo iili.lt 4,j. L$ll JEJIJI -Jg:L a-tJs

iFl^Jl Lrl-iJl ,Ilil Jj grs l.ra3 l.d^ii rl ;rtJl q!-: 
"& .J.'J .i-r cHt- Jt cj-i

iriil aeLJt drlJ.i-l3l ,,Jc..J+ tra3 sXrr:ll ,i _,;_.plt .,J! ;sl-lt L:tL.J.,Jttt*,
.LJ+:.txll

eit-ill _ii: Ol ,',!^-)r 6r)-!l ,rll, aillr-ll .JJt-.:t -,#t (17) dr-Ul ,.,..-.;J JiJ

ts.:L clS,}" Ji-l db+il| ;* ;rtJ ;r).-Jl Jl,:it .,Jc, aJI :l L:.r*" O-,S; rl^S; }ltJl+
J n 6;s r.-r iJ,+tll _.,H; LJ+rL;3ll 

"u.+ 
+J. cr_rL u*l-!l 6lul e-t- iJ! hr L L,J*I-I

.dd- ul J,.,Sl LrtL c.,r,i a.Stri.ll irlJl jti O-ei-1sllr J,aSll .iUJ lJi3ll + Li ir_5-Jl
sEf,ll u. aFJ.-Jl crLilul :Jljl ..J ;.U J,! grjr: LJJ. Ut os _.,2.i1t 6J3i 6i+j ot dIS
$e'L.+ 4.l1-Jt;;3i: llll JiSl u,"LYl ;:lJl cr,lS,',r- ,o,-.,11 l- *f cJ.:-;;lt .p:,
,-ir,-ll ,-il+ll + Lrl-1tsll .l!ll)_r i$lJnl ;rlJl ...i (o_,+_rtst .il+ll ) a;lll rl4 a13i:ll

","i'i 
Jl ,''.'_,;r3 rl3Jl eg+ Ol CJI 6^ 6.r).-ll 

a='s 
arl_,; 4j:Fdl ;rlJl o-i ( €Ji"Jt

. J"iX 1p.;lt ;;ilt
i'=L.* 

"J'al,:,ll "Jt 
Lt",":t ilJl Gjri,,lc ,J^-l O++{jll i+Lc ub l- Jl At*yt,

;JJl e.t- L:tL rlr;.r dJrr3 i.=l.,Jl ;r-3 ,rlc Ll.,^ll rk+yt dJlil Jj gr3s L" _,;gl

.(18) JiJl
J^Et ,,Jo .J^-J ( u,"LYl ;rl-Jt) q_nJr+ll .rlll j):. 4llJl _1t i::l !.;Lc gl

,=J .4llll .,a1;. ,,Jc Air^Jl ,C '_1.iilt JalrL 6po Jifi*i ll otcliill -,1.e$ 6^ ;l-l3Yl
Fll ;;fi;r!j 6^;r).-ll # d ;lr-:Yl 1;t c rJt. ( 19) u"L!l i.rllL 4J--il iiti.
Ol iS+ grJl rJ$l o ",iill ,-r"!L ,ra ;r),-ll at ql- _,,$l L6_r e SlJl 6*+f-r ,!1" Ut ,*f
,rJl orl J,^ill 6Jli 6r!j uti dlqj iJ.L,*ll 45JljJl ..:lrla-..Yl _.$i c.,-:;rtJl a:. ;l;
Jl g._tl l-. l-€+ J.-lJYl eL=3;l-9 4+l$Yl oh-jJl il_.;l.,,r..,r 6:tJl oi A.i3$l ;lt1_1

, ;-..'ll :.+jiiJ 1F.t- 4j"-ls ir)-ll ..t-61; ( lg)jJrll-r ,-i"ill td.:e ,-il.;l
c..,tit**>.] irtJl e-t- L_ltL cJii -i_r* i-ir$l irl;_.1_j 6rtJJ iJilJl dJdt cf &tJl

"+t,:t 
_,,:.ll .Jr ,J+ lu-9 ;::--ll c:UJ,Jl E;.+J ;l>.-Jl # ,Jil .JElt+_, +s_,,Hl

L,:-;''Sl 4$.jlt lJiill ;r!j ,'.J- 6r)-ll l.d.J +SJISJ^J| U,-3L-ill # ,J" jjltJl
. 
-or).:ll # ,.Jir ijli-ll eJ6" Lsll dJlJl

:clL|.Liii-,Yt
6r).- # ,.Jil d_ry ii!.-Jl a.r'r.l+.Sll r.JJrJl ..t' c,l-rl*Jl J^n t-ls 6i+j rrc !-J - t

.JJ-
'o:lJl l:*=l ; i$l-r-ll 6rlJl l+E 

-l_58 6J.-J # ,,Jol oli i!+<ll cJ.i;,Jl drjts - 2

.U'"LYl
. dril.l-=-ll ,rf! ir.6r).:ll #.,J. l-,#lL Jfl i;-Lll dJ. tJl- 3

.!Jul Jt .r_Flt 6lF qt' u-Jt e (dlYldt) u"t-t ir'J -l1d 6r)- # ..f t *l;J,:I

Material

Shore Hardness

Exposure Time (Day)

30 И
” 60

H,COn 85.877 84.192 81086 78.062

Ca(OH)2 79.539 74.063 67.391 62.919

CaC03 69.89 63.186 56.371 50.831
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凸|メ ひ 脚 |ど (Oヵ国 IJ」|+』vJメ|)挙 |ル 6■Jリメ るoEL戸 ♂ 脚 |:2-JJ‐

.1‖ 1ミ』Ll^、くヽ4J-l JIJり」1

Material

Shore Hardness

Exposure Time (Day)

30 45 60

H2C03 91.730 88.729 83.38 79471
Ca(OH) 84.879 81791 78.909 74222
CaC03 73.805 69.423 66103 61 792

■ナ」|十 oメリ
“
釧■り|+」yメメリヽ ■ 4≦|メ・6。ロリメ 6o光_戸 ♂メロ|:3-JJ‐

1■ミ』枷 ^ぐ1硼ヨリ 1´メ 1出 1メ♂メ |♂ (fメ」|岬 l♂1´メ 1出 1メ

Material

Shore Hardness

Exposure Time (Day)

30 45 60

H,COR 101.88 98.597 94.921 90668
Ca(OH), 97.939 95.803 91682 88907
CaC01 92.890 88.971 85338 80628

H2C03=●
Ca(OH)2=■
CaC03=▲

l0 30 10 50 60

Exposure time (Day)
瀕 1ヽ ^‖ 。メ|しれ 口 l CJメ ´ ,口|ど (」

yメ
リリげLI;週 リメ 6。L戸 ♂ ,口1:2-c邸

4出
=L」
|ス.」 ^,く |ヽ

H2C03=0
Ca(OH)2=■
CaC03=▲

10  15  20  25  30  35  40  45  50  55  60  65
Exposure time (Day)

qrlJlSl ,-iUl + clYl:ill) 4SlJr" "'rlJ ;i,i,;r)- 6i 
"s 

;urilt :3- ,Js.i

. iilii-ll 4,i- Lsll J,,l.lJl Jt .r;.:Jt

∽
∽
０
目
も
二
●
Ｔ
【
０
』
Ｏ
〓
∽

出|メ ´メ |げ (
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H2C03=●
Ca(OH)2=■
CaC03=▲
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∽
０
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０
】
Ｃ
甲
【
０
】
Ｏ
〓
∽

９０
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８０

７５

2…

３

　

４
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ABSTRACT
The geopotentid height has a wde effects on air modon h the Atmosphere,

and it is considered as the main factor for the general circulation model(GCM).thiS

variable has multiple relationship with other meteorological variables that it is very

The rnethodology proposed and adopted in this work is irnportant in forecasting way.

based on one seasonal ensemble model which is the(ERA-15)model frOm(European

is Centre for Medium Range Weather Forecasting)(ECMWF),and the g市 en data
extended for(14)yearS Was(1979/1992)for the Middle East region and two levels

(500 hPa)(700 hPa).The data transfoHlled to integrated seasonal ensemble in order
to show the effect of seasonal change.The result sho、 ved on analysis of geopotential
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ABSTRACT
South lraq region considered as one ofthe remarkable areas of diversity in ecosystem

,such as marshes,swamps,五 ver valley(Tigris,Euphrates,Shatt Alarab and their

tributaries),humid flooding plains of vegetation represented by palln and other

natural plants.

These ecosystems are environmentally unstable owing to the continuous

effect of drought and desertiflcation.In general this is obviously seen in Middle East

region and in lraq as a part ofit.The climatic changes such as extreme hot weather

of lraq,low intensity of both rainfall and snow fall,sandy or dusty windstollll are

the main causes of such phenomenon. The environmental impact of annual water

amounts of Tigris,Euphrates and Shat Al‐ Arab rivcrs can bc shown on marshes and

swamps which have been d五 ed and changed environmentany. Also the human

acti宙ty associated in droughtthrough winnowing action.

This research focused on three main parts:Marshes,Eastem flats of Shatt

Al―Arab and the desert region of sOuth west lraq.Satellite images of(Landsat Etm十 )

of the years 1973, 2003 and 2009 have been used to monitor the drought and

desertiflcation in Ecosystem. These ilnage were processed and interpreted using
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