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Introduction

The fuzzy set theory that discovered by Zadeh in Y31 is the technique
through which determine the degree of membership or the degree of health,
which is the extent of scores between right and wrong, and this is the
difference between him and Boolean logic (binary), who only knows right and

wrong (True - False).

The fuzzy transportation problem is referring to transportation problem
with the all or some coefficients are fuzzy number and the aim is to find a cost

less transfer units available in the sources when they are uncertain (fuzzy).

Many scientists have studied the raking functions of the order numbers
to resolve fuzzy in various fields, functions ranks fuzzy change numbers to
the real numbers. The functions can be applied to fuzzy transportation
problems when the costs (cy;), demand (Dy,) or supply (sy;) are fuzzy

numbers.
This thesis is organized as follows:-

Chapter one: - presented the literature review as well as fuzzy set theory,

some priorities of fuzzy relationship and explain the transportation problems.

Chapter two: - studies fuzzy transportation problem, Ranking function and
we proposed two ranking functions and apply to fuzzy transportation
problem; we also presented two examples and conduct compare between the

results of ranking function.

Chapter three: - studies the application of the fuzzy transportation problem
to the real data from "Oil Products Distribution Company" and we apply the
algorithms that have been studied in this letter and then compared to the

results.



Finally, in Chapter four: - discussed the results and recommendations for

the company is presented.



I CONTENTS ]
I Subject Page No. ]

I Chapter One: - Basic Concepts ]

l I L INEFOAUCHION ... v oee e e e e e et e e e e e I
I - Y The AIM OF TRESIS.... .. cvve e et e et et et e et e e e enes | ]
u - |

ﬂ% 1 T LIBIATUIE TEVIEW ... .. s e e e e e e e e et e et s e e e e e e v e é’ﬂ

-~

“ 1- EFUZZY SEL TNROIY ... vee s et et et et et e et et e e e et e e e e e e e

I - £ Some concept of fuzzy I
L SEL... e e et et et e et e e I

I - & Y Some Operation of FUZzZY Set..........cc.ceeiee e ceer e e ev e e 1 T 1

\ .
°% )- &1 The membership i
[ fUNCLION ... ... e ) T 1

1-OFUZZY RelQtion ................coooviei e e e e et e e e e e T
L - o- )0peration of Fuzzy Relation ................c.cccoeeeeeeeieeneineeveneee 7 ]
[ )- 7The Transportation problems..............cco oo TF i

Q% -1 Definition of The Transportation Problem s
LT i

-1 r Solving Transportation ®
Problem.......co ool 10 A

Chapter Two: - Fuzzy transportation problem »

= P INErOTUCTION ... et ettt et et et et e e et e e e e e T
- Y Fuzzy Transportation Problem ................ccc.cc.cccoeovevveeveiiicne . 1Y .
F=FRanKiNg FUNCLION... ... ..o et e e e T y
I- £ The Algorithms for Ranking Function... ..............c.ccccouuvenene o) .

g The First Algorithm i
T JJ

YLy The Second Algorithm [
Y .



e T oe T 0 0% 0% 0a 0 0% 0p 0% 0% 0% 0p 05 0% 0o Gp

r-er The Third
nas

=& Proposed Algorithm (1) ..o e

r-so Proposed

=2 Numerical examples..........cccoo et e e e e
T 0 ) FIrSt @XaMPIE... e oo e e e e e e e e e e e e e e e e

rLo.y
eXample... ..o e e £

- 7Compare between algorithms... .......cocooveeeee e

Chapter Three :- Application

I~V Introduction.....................

r- ¥ Brief summary about the company and the data...............

rr Solving the
Aata... oot e e e e e, O

g
Comparison..........c..eeeeeeev e

Chapter Four :- Conclusion and Recommendation

S ) INtrOAUCHION .ottt e e e e e e

E-Y CONCIUSION. .ot e e

¢-Y Recommendation...............

] (=] (=] 1611 P

A

Contents
Figures

Figure (’- ') represents membership function near Y...................
Figure ('- 7) represents fuzzy nUMbBEr..........c.cooeeieecei e e e e

Algorithm

re

algorithm

T
rT

Second

or
.or

.or

real

.o 70

............

..........



I Figure (-7 represents LR fuzzy nUMBEr ... ... ...ccoooevoeeeeeeee el 1Y ]
\ . . \
i Figure ( - £) represents triangular fuzzy number............cccocoeveeeevnene A v
i Figure ( - 9) represents the trapezoidal fuzzy number.................... 1A I
I Figure ('- 7) represents 7 —fUNCtioN .. ... ..o e veevos oo 1 ]
\ . . . |
i Figure (-Y) represents exponential function............................... T¢ i
I 1
H [
H [
H [
H [
H [
H [
H [
H [
H [
H [
H [
H [
[ !
CONTENTS
I Tables Page No. 1
| _ J
i Table (1-)) represents the supply,demand and cost transportation problem..Ye I
" A
+ Table (Y-)) represents crisp transportation problem balanced................. ¥ >
Il B
H Table (Y-Y) represents optimal solution for crisp problem.................. vy ]
Il |
i; Table (Y-Y) represents fuzzy transportation problem........................ YA I
I I
: Table  (Y-¢)  represents the optimal solution of  first >
I . J
H algorithm.................. v i
H Table (Y-°) represents the optimal solution of second :‘
i algorithm.......... £ ]
g‘% Table (Y-1) represents the optimal solution of third algorithm............ ) :‘
I, Pl
I Table (Y-Y) represents the optimal solution of proposed algorithm ]
())...£Y
I Table (Y-A) represents the optimal solution of proposed algorithm 1
“ (Y)...e¥ [
I ]
I Table (Y-9) represents unbalanced transportation problem................. £t |
Il |
h Table (Y-) +) represents balanced transportation problem.................. £o il
Il



H Table (Y-) ) represents the optimal solution for crisp problem............ £o H
I : I
I Table (Y-)Y) represents fuzzy transportation problem...................... €1 ]
A Table (Y-)Y) represents the optimal solution of first algorithm ]
e £y
l Table (¥-Y¢) represents the optimal solution of second I
i algorithm.........¢€A il
. Table (Y-)°) represents the optimal solution for third algorithm.......... £ :
u Table (Y-Y1) reperesents the optimal solution for proposed algorithm u
H () ettt o |
H _ _ _ [
[ Table (Y-)V) represents the optimal solution for proposed algorithm [
H (Y e o) |
I _ : I
[ Table (Y-YA) represents the comparison between all algorithms results..®Y l
l Table(Y-) represents data transportation cost from warehouses to ]
- 0[N T 10 = 1= PP o0 >
H Table (Y-Y) represents the amount of data to governorates demand for H
* petroleum products mY /day.........cooeiiiiiii °o »
H Table (Y-Y) represents the amount of data to supply in the warehouses of H
% oil products mY [ day......ccooiniii i oo -
H Table (Y-¢) represents special data petroleum products (White oil, 1
Il . . |
}} Gasoline and Gasoil)...........coooiiiiiii o1 .
Il B
j Table (Y-°) represents a special data petroleum products the balanced ]
I . . . . ‘
: (White oil, Gasoline and Gasoil)...................... ov .
Il B
I Table (¥-1) represents optimal solution for real data........................ oA )
Il |
H Table (Y-VY) represents fuzzy real data....................cocooiiiiiiiani, 04 }
H Table (Y-A) represents optimal solution for first algorithm of real data...™ f
I _ _ _ ]
I Table (¥-9) represents the optimal solution of second algorithm for all J
Il - |
H W BIGNE. . 1) ;
I Table (¥-Y+) represents optimal solution of third algorithm 1
L et et 1y Il
Il |
| J
I Table (Y-))) represents optimal solution for all weight for proposed 1
AlGOMTENM (). e, Y ]
H Table (Y- Y) represents optimal solution for proposed algorithm (Y).....1¢ ;
| |
| I



—

——
o oo

% ——%

L Table (Y-Y) represnts comparison between all results algorithms.......1®

&o
«© o
s
«© o
s
«© o
s
«© o
s
«© o
s
« o
s
« o
s
« o
s
% o
Bl
« o
s
«© o
s
« o
s
«© o
s
« o
s
«© o
s
« o
s
«© o
s
® o
s
®© o
s
®© o
s
% o
il
% o
il
% o
il
% o
il
|
. )
il
%
I &
i ‘
& |
I &
i ‘
& |
I &
i ‘
15 |
I A
i ‘
0% ‘
I A
i ‘
0% ‘
I A
i ‘
0% ‘
I A
i ‘
0% ‘
I A
I |
0% ‘
I A
I |
15 |
I A
I |
5 |
I A
I |
5 |
I A
/| ‘
5 |
I A
/| ‘
Y J
I I
/| ‘
5 |
I il
I |
% ‘
o
%
I ol
I |
5 |
o
%
I ol
i ‘
5 |
o
%
I ol
i ‘
5 |
o
%
I ol
i ‘
i J




\-Y Introduction

The fuzzy set theory solved many phenomena of life that does not rely
on the principle of true or false. This chapter consists of ()-Y) the aim of
thesis. In section (Y-Y) we introduce a historical review of some scientists who
have studied and solved fuzzy transportation problem by using ranking
function. In section ()-¢) fuzzy set theory, some concepts and important
operations are explained by examples. In section (Y-¢) fuzzy relation and
some examples are studied. In section ()-1) transportation problem is

explained.
V-Y The Aim of Thesis

The target of this thesis is inspecting and studying fully fuzzy
transportation problem when the demand, supply and transportation cost are
fuzzy, using many algorithms for ranking function, as well as using a new two

proposed algorithms for ranking functions.

Then, we compare between these algorithms for ranking function and
new two proposed algorithms through using total cost for fully fuzzy

transportation problem.
\-¥ Literature Review

Many authors studied ranking function to solve the problem of fuzzy

transportation.

- Chanas, Kolodziejczyk and Machaj (Y3A¢) presented a fuzzy linear

programming model for solving fuzzy transportation problem. [V]

- Chanas and Kuchta (Y447) proposed method found optimal solution for the
fuzzy transportation problem when only the coefficient cost was fuzzy

numbers. [1]



- Liu and Kao (Y++¢) described a method to solve a fuzzy transportation

problem based on extension principle. [YA]

- Chiang J. (Y++°) proposed an algorithm for ranking function when the
demand and supply are fuzzy numbers only; he found two different

triangular memberships for demand and supply. [A]

- Nagoor Gani and Abdul Razak (Y- +1) obtained a fuzzy solution for a two
stage cost minimizing fuzzy transportation problem in which supplies and

demands are trapezoidal fuzzy number. [YV]

- Basirzadeh and Abbasi (Y +A) proposed a new method to solve the fuzzy

transportation problem using ranking function based on o — cut. [¥]

- Lin and Tsai (Y+:+4) used a two stage genetic algorithm for solving the
transportation problem when the demands and supplies were fuzzy

numbers. [VV]

- Pandian and Natarajan (Y+)+) proposed a fuzzy zero point method for
finding a fuzzy optimal solution for fuzzy transportation problem where

all parameters are trapezoidal fuzzy numbers. [Y1]

- Basirzadeh (Y+))) solved the fuzzy transportation problem depending on
the ranking function of Yager ()4AY) which found ranking function of

trapezoidal and triangular memberships. [£]

- Sudhakar and Kumar (Y+))) studied different method to solve two stage

fuzzy transportation problems. [¥ Y]

- Poonam S., Abbas and Gupta (Y+Y) presented a ranking technique with a-
cut for solving fuzzy transportation problem, where the demand and supply

are triangular fuzzy numbers. [YV]



- Mohanaselvi and Ganesan (Y+)Y) proposed a new method for the initial
fuzzy feasible solution to a fully fuzzy transportation problem. Then used
modified distribution method to find fuzzy optimal solution for fully

transportation problem without convert to a crisp problem. [Y-]

- Ramesh Kumar and Murugesan (Y+)Y) presented a modified revised
simplex method for minimizing fuzzy transportation problem of triangular

fuzzy numbers. [Y4]

- Nagoor Gani and Abbas (Y+)Y) used the idea of chiang J. at (Y++°) and
studied that the demand and supply are fuzzy numbers only depending are

two different triangular memberships. [Y Y]

- Narayanamoorthy and Saranya and S.Maheswari, (Y:)Y) proposed
algorithm  called Russell's method to solved fuzzy transportation problem

which are used for any kind fuzzy numbers. [YY]

- Naresh kumar and Kumara (Y+)¢) proposed method, where the cost,
demand and supply are symmetric triangular fuzzy numbers, then they
developed fuzzy version of Vogel's algorithm for finding fuzzy optimal

solution of fuzzy transportation problem.[Y ¢]

- Khalaf (Y:Y¢) proposed a new approach titled fuzzy Russell's
approximation has been developed for solving fuzzy transportation problem

when the only cost coefficients is fuzzy number. [)¢]



V- Fuzzy Set Theory

The scientist Aristotle put the binary logic three hundred years B.C
which is regarded as a basic concept in mathematics, that linked with ordinary
set theory depending on {+,'}, which means mathematically, if the element
belong to a set, then the membership is one, but if not belong to a set then the
membership is zero. For this reason, the ordinary set theory is depending on

binary logic.

Zadeh in Y37e noticed that the binary logic cannot represented all
phenomena in life because many phenomena in life is uncertain which means
mathematically that the element belongs to the set as a certain percent and

compute from membership function depending on [+,"].

The fuzzy set theory utilizing at all phenomenon's in life includes the
request for an employee to work for the company. The conditions laid down
were: that the job seeker is (fluent in English), (be very good at using the
computer), (have a decent appearance) and (has a good process in the field of

marketing experience).

Note that all items such as "fluent English” and "fluent in the use of
computers™ and "a decent appearance™ and "a good experience" ... etc. all are
not clear value definitions of true or false, but ranging health blurry values
and the factors that have been collecting these items is a logical factor. such

as blurry "very" and "and" . evaluating any student for the job placed his mark



(between zero and one) for each of the items, and using logical operators, we
get the alignment mark of the office and the differentiation between the final
marks that we get from all applicants to be the owner of the highest value is

the desired employee.

On the other hand, if we insist on developing conditions a way that
makes it possible to use ordinary logic, we will have first to establish clear
value definitions of true or false, such as "holds a TOEFL certificate in the
English language” and "holds a certain degree in computer science™ ... etc.,
which causes injustice for a lot of people as well as they do not give us a clear
way to differentiate between the different applicants and ultimately it's up to

the mood, director of human resources at the company.

The last example is from the field of weather, it is clear that the phrase
"nice weather" has a fuzzy value have graded the weather is very bad to very
nice, plus their vehicle include many factors phrase, the weather spectrum
means, for example, that the atmosphere is acceptable and that the
temperature is moderate and the humidity is low and that the wind will be
moderate. It is clear that all these values are fuzzy and therefore the previous
statement form fuzzy equation and many other examples, including in the

field of medicine, sports and competitions, and in many areas of life.
Definition [4]

Let Q be a nonempty set (universal set). A fuzzy set A in Q is characterized

by its membership function

ua: Q= [+)]
and pxc is the interpreted as a degree of membership of element a in fuzzy

set A for each a € Q and denoted for its set by A.

A= {(a, Mg(a)): a € Q}.

s



Definition [YY]
A crisp set is a special case of a Fuzzy set, in which the membership function

has only two values, + and ).

Remark [4]

If Q= {a,..,a, }isafinite set and A is a fuzzy set in Q, then we often use

the notation

A:uﬁ(ai)_i_ +”g(an)
a mt

Ha(ay)

aj

where the term , 1=),...n  signifies that pze,) is the graded of

membership of a; in A, and the plus sign represented the union.
V-£-Y Some Concepts of Fuzzy Set

We will present some concepts of the fuzzy set, we start by defining
Q which is the universal set and let A be a fuzzy subset of Q with

membership pz .

* The support of A [¥®]

The support of a fuzzy set A (supp (A)) is the crisp set of all a € Q ,
Pz > ¢ Qe.supp(A)={a€Q : pzw > '}

* a —Level set (a —cut set) [¥°]

The crisp set of elements that belong to the fuzzy set A at not less than the

degree a is called the o —level set, and o € [+,"].



Ay ={a€Q : pyza = a},

Ay ={a€Q: pz@ > a}iscalled strong a —cut set.

- Example (1.Y)

Let Q = {),Y,¥,%} be a universal set, consider membership of fuzzy set

)
MR = 5

+\
A={0,".9),%, (% N . VL
Thesupp (A) ={", Y, ¥, ¢}
Leta =+.Y
A =0}, A={1
* Normality [°]

The fuzzy set A is normal if its core is nonempty

Equivalently; we can find at least one element a € Q s.t pz@ = ).
* Kernel of fuzzy set [Y4]

The kernel of fuzzy set A is the crisp set

Ker (A) = {ac Q : Hx@ = Y}
* We can called the fuzzy set A is normal if it's Ker (A)# @.
* Example (V.Y)

Let X={-Y,-), +,, Y} define the fuzzy set A with membership function:-



\
Ha@ = (Ya+))"

A={(-Y D)0 (Y, )Y
A is normal
Ker (A)={-), *}.
* Crossover point [¢]
A crossover point of a fuzzy set A is a pointa € Q s.t pz@=".°

* Fuzzy singleton [¢]

A fuzzy set whose support is a single point in Q with pz@ = is called

fuzzy singleton.
* Example (1.Y)

Let Q ={), Y, Y}, consider the membership function

\
— a€EeN

HA@ = {va*
' 0.W
Then A ={(), +.0), (¥, *.)Y°), (¥, *.+°°)}
The crossover point of Ais {)}; i.e. Hxoy = *.°
A is not fuzzy singleton
* The hight of fuzzy set [ ¢]

The hight of fuzzy set A is the largest membership grade attained by any

element in fuzzy set.

* The empty fuzzy subset of Qis defined as the fuzzy subset @ of Q s.t
0@)=+ Vae Q.[\Y]



* Example (.¢)
Let Q =R, we define a membership function for fuzzy set of real number

A ={Real number near Y} as follows:-

\
Hz@ = ra-n'

—

1
|
|
I
L A== =d

Figure (Y-)) represents membership function near Y.
Ais normal, since its kernel={¥}
Supp(A) =R .
Crossover point of A= {), ¥}.
The hight of A is (V) is not fuzzy singleton.
* Convex fuzzy set [ ]
The fuzzy set A is convex iff its a —cut is convex.
In other words, we may say that a fuzzy set A is convex iff
uz(Aa+ () —A)b) > min[uz\(a), u;\(b)].v a,beQ andVAE€E][)].
* Fuzzy number [4]

The fuzzy number A is a fuzzy set of the real line with a normal, fuzzy convex

and continuous membership function of bounded support.

R



Figure (1-Y) represents fuzzy number
V-£-Y Some Operation of Fuzzy Set

We can define some operations of fuzzy sets by using two fuzzy sets A

and B with membership Hz@ and pge , and let Q be a universal set.
*The complement of fuzzy set A denoted by A€ is defined as
Mgc@ =) — Hz@. a€Q. ['Y]

* The intersection of two fuzzy sets A and B is a fuzzy setD, written as

D = A n Bor D = AandB whose membership functionis:
U@ =Min {uz@, hgm}. [°]
* The union of two fuzzy sets A and B is a fuzzy setU, written as
U=AUBOr U= A orB whose membership function
Hgw =Max {pxz@, Kgwm }- [°]
* Example (1.9)
Let Q={), Y, ¥, ¢} define A and B as follows
A=), (%, 0,05, )T
B={(),.0),(%,*.£),(",*."),(£,-.9)}.



A={(), M),(Y, - 9),(T,0), (5, N}
BC ={(0,+-0), (Y, ),(%, V), (5, )}
D ={(,*-),(Y,~. (%, "),(5,- )}
U ={(,+-2),(%, . ),(%, o) (5, )}
* Algebraic sum [Y1]
A+ B isdefined as py, g+ = Pz@ + Mo — M@ * Hgo)-
* Bounded sum [ 1]
A®B isdefinedas Va€ Q pzggeen=min ), pze + Hgm}-
* Example (1.1)
Let Q={+,", Y} defineAand B
A={(+,+7), (0, +9), (Y, =0
B={(, 1), (", * V), (%, -9}
A+B={(:, *Y), (0, =A9), (Y, YO}
ADB={(, -, 0. ") (" )}
* Difference in fuzzy sets [ 1]
The difference of A and B is A — B=A n B¢
* Bounded difference [ 1]
Dented for bounded difference by © and define membership function by
Wzos =Max {*,uz@ — ugm}-

* Example (1.V)



LetQ={", Y, v}
A={0, ), (%, o) (7, - L
B={(", =), (Y, *.1), (¥, * A}
A=B={0, ~ 1), (%, .9, (%, -}
AOB={(, %), (", ). (", )}
* Algebraic product [V 1]
Denoted by ( -) and define membership function by
Mz g™ Hz@ *Hgm , Va, bEQ.
* Bounded product [ 1]
It's dented by ® and defines membership function by
Hzpgeen=Max {*, pz@ + o — 1}, Va, be Q.
* Power of fuzzy set [V 1]
Second power of fuzzy set A is defined as follows:-
i = [Mz@]'
Similarly k™ power of fuzzy set AX may be computed as,
Hik@ = [llz\(a)]k-
* Example (Y.A)
We define a possible membership function for fuzzy set A.

LetQ:{\,Y,T’, ¢ 0}



a . \
Hz@ = Ty Hgb) = 5N

A={(),.7%),(Y, ¥V, (%, . YV),(£,+.YV)}.
B={(, (Y, 0 (Vs M (E, )}
A-B={(, . V)Y, V)R 0 0) (5,0 )N
AOB={(),),(*,*).(",*).(£,4)}.
A=, ), (Y, ) 0 2),(F, 0 YY), (&, 0.0 £},
B ={(), . 8),(Y, o YO (N, e s E)(E, 0 )
* Containment or subset [¢]
Fuzzy set A is contained in fuzzy set B (or equivalently; A is subset ofB)
VA S B)iff wg@ < pgm Va, be Q.
* Equality of fuzzy sets [4]

Let A and B are fuzzy subsets of classical set Q. A and B are said to be equal

denoted by A=Bif AcBandBcA.

In other words, A = B iff pz@ = pgm Va3, be Q.

* Example (1.9)

LetQ={+)),Y,".¢}and Ac Q, A={:),Y}, A°={",¢}
It's clear that in crisp case AU A°=Qand AN A = @
In case fuzzy set define A by
A={(+,9),0,02),0% )7, ), (5, M)}

A ={(0, M0, (T () (5 N

Vo



AUA={(+, A),(0,00), (Y, ), (F, ), (5, M = Q

ANAS={(.o7), (0, +0), (Y, ), (7 ) (5 )} = @

V-£-¥ The Types Membership Function

The membership function in fuzzy set theory plays an important and a

basic rule to determine the belong degree of elements to the certain fuzzy set.

There are two kinds of membership functions:
V) Linear membership function
a) LR fuzzy number [Y¢]

A fuzzy number A on R is said to be LR fuzzy number if there exists a real

number x and a, b, ¢ > + s.t

L(?) x<b

TRED) kb

C

In which L(x) and R(x) are continuous and non-decreasing functions on the

real number line.



+]

Figure (1-Y) represents LR fuzzy number
b) Triangular Fuzzy Number [¢]

A fuzzy number A is a triangular fuzzy number denoted by (a, b, ¢) where a, b

and c are real numbers and their membership function p;c is given by:-

2 a<x<hb
b-a

ua(x) = ) x=Db
X b<x<c
c—b

v

a b C
Figure (-¢) represents triangular fuzzy number

¢) Trapezoidal fuzzy number [¥ ]



A fuzzy number A defined on the universal set of real number denoted by A=
(a, b, c, d) is said to be trapezoidal fuzzy number if its membership function

Hzco IS given by:-

((x—a)
<
=2 as<x<b
) = ! b<x<c
HA® <(d—X) ey
@d=0 c<Xx
N 0.W
LR M,
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1 >
a b C d

Figure (Y-°) represents the trapezoidal fuzzy number
¥) Nonlinear Membership Function
We offer some of the functions of nonlinear membership function.

a) m_Function [Y]



This function has Roughly Bell shape. The function of this kind is a good
alternative triangular function, which has two points coup ¢ ¢$ at each side
of the function, which has membership function as:-

s(a,c—b,c—g,c) x<c

Uz = b
\—s(a,c+b,c+;,c) X=>cC

v

c-b c—% c
Figure (Y-1) represents m_function

b) Exponential function [¥]

This function of a one parameter k; k > - is defined by:-

”‘e(a) = e_ka

A

v

\ /k

Figure ()-Y) represents Exponential function

14



V-¢ Fuzzy Relation

If a crisp relation R represents from sets A to B, for xe A and ye B,

its membership function p,xy IS,

_{\ iff (x,y) € R
IJR(X'Y) - ). iff (X: Y) % R

This membership function maps Ax B to set {+, Y} that is ugp: AX B =-{+, '}
[V]

* Definition [°]

Fuzzy relation is a fuzzy subset of X XY , and is characterized by the

membership function.pyxy) , 1.€.

R, y) ={((X, ). ugew) (X, y) € X XY}

* Example (Y.V+)

Let X={), Y, Y, ¢} and Y={Y, Y} with membership function

X+y

Hpxy) = Gty)

R y) ={((,7),».Y").(0.7), . Yo)((V,7), . Yo)((V.Y),+. V), ((7.Y), 7)),
(79, () O O((ET), Y )}
* Definition (Domain and range of fuzzy relation) [ 1]

When fuzzy relation R is defined in crisp sets A and B, the domain and range

of this relation are defined as:-

Hdom = MaXyep Urxy)-

(R)®

Hran R = MaXyea LR -

\K)



Then set A becomes the support of dom(R) and dom (R) € A, and set B is
the support of ran(R) and ran (R) < B.

V-2-1 Operations of Fuzzy Relation

We can apply operation of fuzzy sets to the fuzzy relation because relation

is kind of set.
* Union Relation [Y7]

The union of two relations R and Q is defined as follows:-

V (xy) € AXB, ppyqen = Max {pgey, Hoew }-

* Intersection Relation [ 1]

The intersection relation R N Q of set A and B is defined by the following

membership function:-
Mrnqesy) =Min {ppey, Koen} V (X y) € A X B.
* Complement Relation [ 1]

Complement relation R for fuzzy relation R defined as the following

membership function:
V (X,Y)E AX B,ugxy) = ) — Hgew-
* The Maximum-Minimum Composition [ ¥]

Let X, Y and Z be universal sets and let R be a relation that related elements
from XtoY

AR



R={((X, ¥), brxy): X € X,y € Y}; REX XY.
and Q={(ly. 2), pqu=2):y €Y,z € Z}; QEY XZ.

Then F will be the relation that relats elements in X that R contains to the

elements in Z that Q containi.e. H = Re Q.

The Max-Min composition is defined as the following membership function:-
Her(xz) = MaAXyey (min( Hrxy), UQ(YYZ)))
* Example (Y.VY)

Let X={ .Y}, Y={V.¢} , Z={¢,°} define two relations with membership

function:-

Z

X
Hrow) = 0 and o = oy

R, y)={((0.7),+.Y2).((,2), - ).((Y, 7).+ £),((Y, %), . )}
QY, 2)=L((Y,2), -7+ )u((V,0), Vo) ((5,8), - T )((3,0), . Y E)
RUQ={((V,%),*.7+).((*,®),*.¥2),((V,%),*.£),((¥.%), . ")}
RNQ={((",7),*.Yo)((,2), . 1) ((3,2), V). ((5,9), .V £) .
Recyy ={(0.7), o000, 8), M), ((7, ), 0.((V,9),+ )}
Qyzy =UT,2) Y )((F,2), 07 0)((5,8), - A)((R,0),+ Y)

H =Re Q=Max{((},%),*.¥2),((",£),*.7),((£,%),.7).((2,9),* .V £)}.
={((, ), Yol

V-1 The Transportation Problem

The transportation problem is a special class of linear programs that

deals with shipping a commodity from sources to destination.

AR



The objective is to determine the shipping schedule that minimizes the
total shipping cost while satisfying supply and demand limits. The application
of the transportation problem can be extended to other areas of operations,

including inventory control, employment scheduling. [¥ ¢]

The origin of transportation problem dates back to Y4¢) when Hichcook
presented a study entitled "The Distribution of a product from several sources
to numerous localities”. The presentation is regarded as the first important

contribution to the solution of transportation problems.

In Y4¢Y Koopmans presented a study called "Optimum utilization of the
transportation system *. These two contributions are mainly responsible for
the development of transportation problems which involve a number of

shipping sources and numbers of destinations. [ +]

V\-1-3 Definition of the Transportation Problem [} +]

Transportation model deals with problems concerning as to what
happens to the effectiveness function when we associate each of a number of
sources with each of a possibly different number of destination .The total
supply of each source and the total demand of each destination is given and its
desire to find how the associations is made as a subject to the limitations on
totals. The distinct feature of transportation problem is that sources and
destinations must be expressed in terms of only kind of unit.  Suppose that
there are (m)sources and (n) destinations, let (Sy) be the number of supply
units obtainable at sources k (k=),Y,Y,...,m) and (D;) be the number of
demand units required at destination | (I=Y,Y,¥,...,n),and let (cy)represents
the unit transportation cost for transporting the units from sources k to

destination | .

Yy



If xiq (Xgq = +) is the number of units transported from sources k to

destination I, then the transportation problem is formulated as follows:-
Minimize z= YL YiL) Ci X
S.t
Yl X = Sk k=), ..,m

ZII?XRIZDI l=\,...,n

\Y,
~
1
3
T
=

Xkl

Table (Y-)) represents the supply, demand and cost transportation problem

) Y Y S R n | Supply
) Cyy Cyy Cyy Cy Cin Sy
Y Cyy Cry Cyy Cv1 Cyn Sy

¥ Cry Cry Cyy Cv] Cyn Sy
5 Ci) Ciev Cir Cil Ckn Sk
K

m Cm) Cmy Cmy Cml Cmn Sm

Ye¢



Demand D, Dy Dy D, D,

The objective of transportation problem is to determine the number of units to

be transported from source k to destination | so that the total transportation

cost is minimum.

V-1-¥ Solving Transportation Problem

To solve the transportation problem we must make sure that the total of
available of sources is equal to the total of required destination, which is

called balanced transportation problem, that is:
Z{(nz\ Sk = ZF:\ Dl '

Otherwise that is if Y., Sk # XL, D, the problem is called unbalanced

transportation problem and solve it by adding slack variable to demand or

supply with total cost zero.

Yo



Now, we have transportation problem on the m + n-) of the basic
variables and we can find the initial solution of the problem by using one the

following methods:-

V) North west corner method.

Y) Least cost method.

¥) Vogel's approximation method.

Then we iterate optimal solution, we must apply one of the following
methods:-

¢) Stepping stone method.

) Modified distribution method.

A\l



Y-\ Introduction

In real life there are many problems which deal with
uncertainty in parameters; therefore the fuzzy set theory is uncertainly.

In the last few years, there is linked between fuzzy set theory and
transportation problem to get a new subject which called by fuzzy
transportation problem, the aim of this subject is to find the solution which
have minimum transportation cost.

In this chapter, we deals with many algorithms which depend on
different ranking function and suggested a new two algorithms which depend
on new ranking function, then take two numerical examples to apply all these

algorithms and compare between them out of total cost.

¥-Y Fuzzy Transportation Problem

In the real life applications supply, demand and units transportation

cost may be uncertain due to several factors.

Fuzzy transportation problem is a transportation problem whose

decision variables are fuzzy numbers. [¥ +]

The fuzzy transportation problem is a special cases of fuzzy linear
programming which fuzzified the constrains and objective function in linear
programming through fuzzy numbers and used ranking function to obtain

linear programming in the fuzzy sense. [A]

The objective of the fuzzy transportation problem is to determine the
shipping schedule that minimizes the total fuzzy transportation cost while

satisfying the availability and requirement limits. [Y4]

Y1



Mathematically, a fuzzy transportation problem can be stated in many cases
which are as follows:-

V-The costs are fuzzy number

We can write this state as a linear programming problem which formulate
as:-

Minimize z= YL, Y15 G Xia
S.t
Y X = Sk k=), ..,m
Yk X =Dy 1=),...,n
Xp] = ° k=),...m, I=),...n

Y-The costs and supply are fuzzy numbers.

This state can be written mathematically as:-

Minimize z= i1, X1-y € Xk

S.t
Y X = Sk k=), ..,m
Yk X = Dy 1=),...,n
X = k=),...m, 1=),....n

¥-The supply and demand are fuzzy numbers.

Mathematically we can write this state as follows:
Minimize z= YL, YLy Cq Xk
S.t
Z?Xm:gk k=\,...,m
Zf(nxkl:ﬁl 1=‘,...,I’1

Xklz ' k:\’___

Yv



¢- The cost and demand are fuzzy numbers.

For this state, we can write the transportation problem as linear programming

problem as follows:
Minimize z= YL 1Ly € X
St
Yl X = Sk k=), ..,m
Y X = Dy 1=),..,n
Xy = ° k=VY,...,m,1=),...n

¢- The fully fuzzy numbers.

We can write the fully transportation problem as linear programming problem

which formulate as follows:
Minimize z= YL, YL, i Xk

St

YA



Y-¥ Ranking Function

Ordering of fuzzy quantities is based on extracting various features
from fuzzy set. This feature may be a center of gravity, on area under the

membership function.

A particular fuzzy set ranking method extracts a specific feature form fuzzy

sets, after then ranks fuzzy sets are based on the feature.

As a result, it's reasonable to expect that different ranking methods can

produce different ranking orders for the same sample of fuzzy set. [YA]

In many applications, ranking of fuzzy number is an important component of

decision process. [ ]

Now, defining ranking function R: F(n) = R which maps each fuzzy number

into the real line, F(p) represents the set of all triangular fuzzy numbers. [¥ Y]

For any two fuzzy numbers A = (a, b, ¢) and B = (a,, by, ¢, ) have in F(M), we

have the following comparison:
WA <B iff R(A) < R(B).
YA >B iff R(A) =R (B).
YY) A ~B iffR(A) = R(B).
t)A—B =7 iffR(A) — R(B) = -.

A triangular fuzzy number A = (a,b,c) in F(u)is said to be positive if

R(A) > + and denoted by A > . [Y¢]
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Y-t The Algorithms for Ranking Function

Suppose the triangular fuzzy number is represented by A = (a, b, ¢)

Where b is the medium, a is the left width and c is the right width and has its

membership function

(x—a)
( b-a) asx <
Ha(x) = { ) x=Db - ()
(c=x)
by b<x<c
Now by using o — cut a € [+,)] we get
_ x-a) _ (c=x)
~ (b-a) ="
x=a+ a(b—a) x=c—oa(c—Db)
A =a+ab—a)..(") A"y =c—alc—b)..()

Where Kl(a) Is abounded left continuous non decreasing function over [+, V]
and Ku(a) IS a bounded left continuous non increasing function over [+, V],
then presented for arbitrary fuzzy numbers be an ordered pair of function

[A @), A% 1 where A ) < A, and
Kl(a) = inf{x: K(X) > a} 7\“(0() = sup{x:g(x) > a}.
Y-£-) The First Algorithm [YV]

Basirzadeh at (Y+))) depended on the ranking function of Yager at
(Y3AY) which found ranking function for trapezoidal and triangular
membership. the ranking function for this algorithm is as follows by using the
membership (1) and then applied equation (Y) & () we have:-

\

~ Y o~ ~
R(Aw) =7 /J [A+A" ] da

Y



R(Ey) =+ [ [a+ab—a) +c— alc — b)]da

\

R(Ay) = —f.\ [a(Yb—a—c¢) + (a+ ¢)]da.

Y

\ \
~ \ o(Y
R (A(X)) = 3 [T | (Y b-a-C)'l‘O( | (a + C)]

R(K(X)) =%[%(Yb—a—c)+(a+c)].

R(K(X)) =%(Vb—a—c)+%(a+c).

Yb—a—c+Ya+Yc
¢

R (K(x)) =

R(Ag) ==<[a+Yb+cl.

Y-£-Y The Second Algorithm [YY]

Nagoor Gani and Abbas at (Y+)Y) used the idea of Chiang at (¥ * +°),
they stated that the demand and supply are fuzzy numbers only, where w is

the weight for A' , and ()-w) is weight for A" .

~ f.\ (X[ng(a)+(’ —W)Au(a)]do(

R(A =

(Ax) T odn

~ f.’ a[w(a+a(b—a))+() —w)(c—a(c—b))]da
R(Aw) = »

[ ada

~ f.’ a[wa+wa(b—a)+('—w)c—(' —w)a(c—b)]da

R(Ax) =

ff ada

ff [awa+a'wb—a'wa+()—w)ac—(' —w)a c+() —w)a ' b]da

f.\ ada

R(Aw) =

)



a‘ (Xr (Xr a‘ (X‘~ (X‘~ \
[Twa+wa—Twa+T(\ —W)C—T(\ —W)C+T(\ —W)b] |

R(K(x)): N
+

Ywa +Ywb—-Ywa+Yc-Ywc—Yc+Ywc+Yb—Ywb
iy _ 1
R (A(x)) -

Y

R (B) = Hw(a—c) + Y+,
Y-¢-¥ The Third Algorithm [Y £]

This algorithm proposed by Naresh Kumar and Ghuru at (Y+Y£) by
using symmetric triangular fuzzy number Z\(X):(a, b ,c) if a=c then K(X) IS

called symmetric fuzzy number.

The idea of this algorithm is based for every A € F(i) where F(p) is fuzzy
real line on graded mean which formulate by using membership (*) and then

applied equation (V) & (Y) as follows:

A ~ ~
~ ;f. O([Al(a)+Au(a) Jda
( (x)) [ ada

~ lf.\ ala+a(b—a)+c—a(c—b)]da
R(A =
( (x)) f,’ ado

%ff [aa+a"b—a'a+ac—a'c+a'b|da

f.\ ada

R (K(x)) =

vy



¥-¢-¢ Proposed Algorithm ()

The idea of this algorithm depends on the idea for Nagoor Gani and
Abbas at (YY), they studied that the demand and supply are fuzzy numbers

only, but in this algorithm we take fully fuzzy numbers.

Now, by using the following triangular membership:-

A(x—a)

o) a<x<bhb
}J.A(X)={ A x=b ...(%

A(c—x)

b b<x<c

By using a-cut, where a € [+,'] and *<a <Xand *< A <, then

_Mx-a) _ Me=x)
"~ (b-a) = h
a o
x—a+x(b—a) x—c—x(c—b)
Kl(a) = a+%(b—a) .. (°) Ku(a) = C—% (c=b) ..(Y

Where Kl(a) is abounded left continuous non decreasing function over [+,A]
and Ku(a) IS a bounded left continuous non increasing function over [+,A],
then presented for arbitrary fuzzy numbers be an ordered pair of function
[A' @), A% ] where A,y < A%, let w is weight for &', and (V-w) is
weight for A" .

f}L o [w Kl(a)+ O -w)AY )]da

f.}\oc'doc

RA) =

Mo [ wa B b-a)+ () ~w)e-C 2% (c-b) |da

f?‘ a'da

R (K(x)) =

Yy



g Al
f_}‘[ocvwa+¥(b—a)+ocY (O -w)c-2 C=w)

=(c-b)]

R(Ax) =

f.xa'da

Avwailiw(b—a)LAr(\—w)c }\i(ﬁ—w)(c—b)

R(K(X))z v ‘A ! A_‘“v 7

v

A [twa+Yw(b—a)+: () —w)c—T( —w)(c—b)

A _ )Y
R(Aw) = A
T

RAy) = %[W(a —c)+ Yb +cl.

Y-¢-¢ Proposed Algorithm (¥)

The idea of this algorithm depends for previous proposed

algorithm on using the membership (¢) and applied equations (°) &

to obtain the following:-

Y A ~ —
L— f O(Y [Al(a)+Au(a) ]dO(]

R (K(a)) - f)tocY da
~ [l f)t o [a+g(b—a)+ c-< (c—b)]d(x]
— LY A A
R (A(a)) B fan da
[l f}L[O(Y<':1+°(—v(b—a)+otY c—a—r (C—b)]da]
~ - /. : .
R (A(a)) N fla' da
Vla® ot o o
_ e e a+a(b—a)+; C—a (C—b) |).L
R(A(a))=H o I
F .

123 a4 A3t
[2—[5 a+a(b—a)+§ C—a (C—b)]l

R(Aw) = 3

3

A

Q)



Y Y Y ¢
% a+)‘7(b—a)+é c—}‘T (c—b)H

v

RAw) = [%

>

A"ra,(b-a),c (c-b)
T[v' ¢ 'y ¢ ]
Al

R (K(O()) =

>

A" [fa+Yb-Ya fc—Yc+Tb
Y VY ' VY
Y

R (K(O()) =

>

~ [a+6b+c]
RAw) = %_

Y- Numerical Examples [V]

In this section, we take two examples to the fuzzy transportation

problems, the first example when the sum of supply and the sum of demand

are equal (XpL, Sk = Y=y Dy), the second example when the sum of supply
and sum of demand are unequal ( YL, Sk # Y=y D).

Y--) The First Example (¥.})

A company contains three sources which are denoted by S,, Sy, S¢
and three destinations which are denoted by D,, Dy, Dy

Table (Y-V) represents crisp transportation problem balanced

D, Dy Dy Supply
S, Ve Y 11 Y€
S, \ A ¢ YA
S, Ve VY 1 A




Demand YA Y. YY T

Case \:- Crisp Transportation problem

In the beginning, we solve the transportation problem by using Vogel's

approximation algorithm with modified distribution algorithm
to get optimal solution.

Table (Y-Y) represents optimal solution for crisp problem

D, Dy Dy Supply
S, Vo Y Y1 Y¢
¢ Y.
Sy ) A ¢ YA
)¢ )¢
Sy Y& VY 1 A
A
Demand YA K Yy T

T.c=¢«+&++) E4074+£A =V AA nits.

Noting that, the source S, provides the first destination Dy by (£) units
and second destination Dy by (Y +) units. The source Sy provides the
first destination by () £) units and third destination Dy by () ¢) units.
The source Sy provides the destination Dy by (A) units, then the total

Cost is (Y 9A) units .

1



Case Y:- Fuzzy Transportation Problem

In this case, we transform the crisp transportation problem to fuzzy

transportation problem and solve by different ranking functions.

Let Ay= +.2, Ay="), then

A =[(cg — Ay, ey, g + Av), (Sk — Ay, Sy, Sy + Av), (D) — Ay, Dy, Dy + A9

Table (Y-Y) represents fuzzy transportation problem

D, Dy Dy Supply
S, (3.0,1 1Y) (V.0.X,7) (Yo.007, YY) (YY.0 ¢ Yo)
Sy (+.2,),Y) (V.2,A9) (Y.o,¢,0) [ (YY.0,YA Y4)
S, (\¥.0,0¢)0) (V).0,)Y,\Y) (c.oY) | (V.e,A9)
Demand| (YY.2)AN4) | (V4.0,Y. 1)) (YY.0,YY YY) [(cA.0,%+ 1Y)

yv




* First Algorithm

Table (Y-¢) represents the optimal solution of first algorithm

D, Dy Dy Supply

S, RAE Y.aYe RE Y¢ VYo
¢ Y. VYo

Sy Y. \Yo AANYo §.VY0 YA Yo
V¢ Yo )¢

Sy Ve VYo YY.\Ye Yo ANYo

AANYo
Demand YA VYo Yo Yo Yy Yo 1. ¥vo

T.C= £+.0+EY VY410 Ad40V Vo449 VY
=Y+ 1A units.

Noting that, the source S, provides the first destination D, by (¢) units
and second destination Dy by (Y +.)Y®) units. The source Sy provides the
first destination by () £.1Y@) units and third destination Dy by () £) units.
The source Sy provides the destination D« by (A.) Y©) units, then the total

cost is (Y +1.7A) units.

YA



* Second Algorithm
R (&) =:[w@a—c) +Yb+c,we ]

Accordingly, when w € [+,)] we sub state all the values of w to get the

solution which scheduling in the following table:-

Table (Y-°) represents the optimal solution of second algorithm

Weight Total cost
. YYY ).
‘) YVV. VY
Y YVye v
.Y Yy.vy
‘g ‘AL
.0 Y.Y. Vo
R Yoo YA
Y YT AY
v A AR
' A YAT VR
) YAT VT

The best weigh which give us the minimum transportation costs are w> +.V.

¥4



* Third algorithm
R (K(X)) = %[a + ¢b + C].

Table (Y-1) represents the optimal solution of third algorithm

D, Dy Dy Supply
Sy Vo eAY Y. OAY YT AY Y¢ o AY
¢ Yo oAY

Sy VoOAY A AY §AY | YACAY

YE W AY \ ¢
Sy Vi W AY VY AT T AY A CAY

A v AY

Demand YA LAY Yo oAY YY CAY 1. Y$q

T.c=¢+ FY+E) AYHY0 Yooy V14643V
=Y. Y.Ye units.

Noting that, the source S, provides the first destination D, by (¢) units
and second destination Dy by (Y +.+AY) units. The source Sy provides the
first destination by () ¢.+AY) units and third destination Dy by () £) units.
The source Sy provides the destination Dy by (A.+ AY) units, then the total

costis (Y+Y.ve) units.



* Proposed Algorithm ()
RAq) = %[w(a —c)+ Yb +c].

Accordingly, when w € [+,)] we sub state all the values of w to get the

solution which scheduling in the following table:-

Table (Y-V) represents the optimal solution of proposed algorithm (V)

Weight Total cost
. Yyo it
‘) YYY. VR
. Y YV
.Y Y.v.0)
‘g Y.t Ay
.0 YooY ¥4
R Y44 vy
Y yav o
v A Ya¢ o
A Y4y q0
) YAQ Y

The best weight which give us the minimum transportation costs are w=
V.

£



* Proposed Algorithm (¥)
R (&) =~[a+b+cl.

Table (Y-A) represents the optimal solution of proposed algorithm (Y)

D, Dy Dy Supply
S, Yo 1Yo Y .1Yo Y1 1Yo | Y¢ .1Yo
¢ Yo oo
Sy Y +1Yo A 1Yo § 1Yo | YA .Yo
V¢ a1Yo0 V¢
S, V¢ 1Yo YY .1Yo .10 | AW1Yo
Ao
Demand YA «1Yo Y. Yo YY 1Yo T VYAV

T.C= 0. Y0+8) YA+ £ Q6401 AMEA AA
=Y+ Y.YY units.

Noting that, the source S, provides the first destination Dy by (¢) units

and second destination Dy by (Y+.+1Y®) units. The source Sy provides the

first destination by () ¢.+71Ye) units and third destination Dy by () £) units.

The source Sy provides the destination Dy by (A.+1Y@) units, then the total

costis (Y+Y.YY) units.

£y



Y-e-¥ Second Example (¥.Y)

One of factory that produces fertilizer possesses chemical
manufacturers in different locations. The energy productivity of these plants

is(V¢+), (YY) abag the first day of the plant and the second, respectively.

These factories are processing Y markets center big is (Sy,Sy,Sy) as
needed(V°+) ,(YV+), (A+) abag per day of fertilizer, the cost of transportation
of the first factory to catalog the center first, second and third are
(.),(Y),().¢) dinars,respectively, and the cost of transportation from the
second factory to catalog the centers first, second and third are ().°),
(V.Y),().Y) dinars respectively. The administration at this property you want
to transport bags of fertilizer from their manufacturers to the three market

centers the bags to a achieve lower possible cost

Table (Y-9) represents unbalanced transportation problem

D, Dy Dy Supply
S, YV 3 Y ¢ Yéu
Sy y o Y y ¥ B
Demand You YV A Y.
2~~

Considered that, ¥y _y S, = Y1+, Y\ D; = ¢+

Y



Yo Sk %Y1=y Dy , then we add slack variable to the supply with zero cost.

Taking ¥y_, Sy — 2=y D, = V¢-

Table (Y- +) represents balanced transportation problem

D, Dy Dy Supply
S, V.Y I YEo
Sy V.0 ) y.¥ ‘Y.
S . . Ve
Demand You D A §an

Case \:- Crisp Transportation Problem

In the beginning, we solve the transportation problem by using Vogel's

approximation algorithm with modified distribution algorithm and (Win QSP)

to get the optimal solution.

D, Dy Dy Supply
S, AT ) ¢ Y ¢
EX)
Sy V. AR y ¥ VY.
) Yo A
Sy . : Ve
Y€

¢




Demand

Yo

YV

A

e

Table (Y-V)) represents the optimal solution for crisp problem

T.c=Yo+) £+ YY+) ¢ £ =YAY ynits.

Noting that, the source S, provisde the second destination Dy by () ¢+) units.

and the source Sy provides the first destination D, by ()+) units and two

destinations Dy by (Y+) units and third destination D+ by (A+) units. The

source Sy provides the destination D, by ()¢+) units, then the total cost is

(Y&Y) units.

Case Y:- Fuzzy Transportation Problem

In this case, we transform the crisp transportation problem to fuzzy

transportation problem and then solve this problem by using different ranking

functions. Let Ay= .V, Ay=).¢  then

A =[(cq — Ay, ¢, g + Av), (Sk — Sk, Sk + Av), (D] — Ay, Dy, Dy

+ Ay)]

Table (Y-VY) represents fuzzy transportation problem

D, Dy Dy Supply
S, (),).v,Y)) (+.¥),Y.9) A ARARCESAHREE:
S, (+. AN 0¥ 9) (ENAYO) [N YY) (AT
Sy (-+.V,).9) (-+.Y,+ ). 9) (-+.V,+ ). 8) [OTAY e N6 e
Demand |V £3.7,0 Yoy €] (VT XAV VY §)] (VAY AV AV E) [(FAV.A £ g Y




* First algorithm

R (&) = -[a+Yb+c].

Table (Y-1Y) represents the optimal solution of first algorithm

D, Dy Dy Supply
S, Y.AVo Y.\ve Y ove Ve Vvo
Ve VYo
Sy Y. 1vo Y.Yvo Y ¢vo VY. Vvo
) A Av Vo
Sy Nz vAVe vAVe Ve VVo
Ve VVo
Demand Yo. \vo YV Ve Av Yo §v4 0OYO

T.C=) 1€ VVHY T VOLYA YOV YA Y14 € of

=Y1Y.o« units.

Noting that, the source S, provides the second destination Dy by (Y¢:.)V?)
units. and the source Sy provides the first destination D, by (1 +) units and two
destinations Dy by (¥+) units and third destination Dy by (A+.YVY?) units. The
source Sy provides the destination D, by ()£+.YY®) units, then the total cost

1S(Y1Y.€) units.

£




* Second algorithm
R(K(X)) = %[W(a— c)+Yb+cl,we][:)]

Accordingly, when w € [+,'] we sub state all the values of w to get the

solution which a scheduled in the following table:-

Table (Y- ¢) represents the optimal solution of second algorithm

Weight Total cost
R EAC Y
‘) £0) YA
. Y £.0.Y)
.Y ¥yv oy
g ¥14.49y
.0 FYANVY
1 ¥Y. o)
Y YAY ¢4
v A Yéo v
N YY1 V¢
) EYRRTE

The best weight which give us the minimum transportation costs are w=
LY

1A%



* Third algorithm
R (Ay) = ~[a+ tb+cl.

Table (Y-)°) represents the optimal solution for third algorithm

D, Dy Dy Supply
S, Y. AN YN Y. o0 Yéu NN
Yo )N
Sy RN AR Y. N VY
Yo Y. Av AN

S, K K R Ve N
YN

Demand Yoo M1 YVe Av AT £v4 Yo

TCo= U TV Yo 0T FYHYFT o) Y £ ¢
=YYA Y)Y units.

Noting that, the source S, provides the second destination Dy by (Y¢+.)17)
units. and The source Sy provides the first destination Dy by ()+) units and
two destination Dy by (¥+) units and third destination Dy by (A+.)17) units.
The source Sy provides the destination D, by () €+.Y77) units, then the total

cost is (YYA.VY) units.

¢A



+ Proposed Algorithm (V)

RA) =

-~

[w@a—c)+Yb+c],we|[+)]

Table (Y-11) represents the optimal solution for proposed algorithm (V)

Weight Total cost
. EVYVY
v ¥4y
Y ¥a.. V¢
Y ¥14.vo
N YEAFA
' .0 ¥YV..Y
v 1 YT A
Y YAE Q.
v A YaY Ao
v A YEY.V.
\ YY. 40

The best weight which give us the minimum transportation costs are w=
V.
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* Proposed Algorithm (Y)
R@A) =z[a+b+d]

Table (Y-VV) represents the optimal solution for proposed algorithm (Y)

D, Dy Dy Supply
S, Y YAVo Y «AVo Y EAVO|  YE. WAVo
Yéu vAVO
Sy Y O0AVo Y YAVo Y YAYe| VY. . AVo
) Ve Av vAYo

Sy « vAVo v vAVo cAYO | Vi WAVO
Yéu vAVO

Demand Yo +AVO YV vAYo Av vAYo £v0 YTY0

T.C=YOY Yo Y0 AALYO TF4HY YY) YV Y YA
=YYV.YY units.

Noting that, the source S, provides the second destination Dy by (") ¢+.+AV©)
units. and The source Sy provides the first destination Dy by () +) units and
two destinations Dy by (¥+) units and third destination Dy by (A+..+AY®) units.
The source Sy provides the destination D, by () £+.+AVYe) unit, then the total
cost is (YYV.YY) units.



¥-1 Compare between algorithms

Algorithms First example Second example
Crisp YAA Yavy
First YT 0A Yy €4
Second YAT VT YY1 y¢
Third Y.¥ Vo YAV

In this section, we compare the total cost for all algorithms which
depends on different ranking functions, also the proposed algorithm and crisp

algorithm.

Table (Y- A) represents the comparison between all results algorithms

o)



Proposed (V) Y4) Qe YEY. Vo

Proposed (Y) Y.V YY YYV.YY

Noting in the first example, the minimum total cost in the second algorithm

and the proposed (V) algorithm near to the second algorithm.

In the second example, the minimum total cost also in second algorithm and
the proposed (V) it's near to second algorithm. Then the best algorithms are

second and proposed (V).

oY



Y-\ Introduction

In this chapter we studied the ways in which in the second chapter on
especially real data transfer and distribution of petroleum products from the
warehouse to the governorates to get a cost less transfer was supply and

demand and cost of transport coefficients fuzzy.

This chapter consists of (¥-Y) brief on Oil Products Distribution
Company and the data obtained. In section (Y-Y) was the data extraction
solution and results through the program (WinQSB). In section (¥-£) we

organized a comparison table between the results through the transport cost.
¥-¥ Brief summary about the company and the data

Review of the Ministry of Oil / Department of Studies and Planning,
located in Philistine Street -ha channel in order to get transportation cost,

demand and supply of petroleum products.

This department transform us to the distribution of petroleum products
company located in Dura; in contracts division were obtained data for the
transportation cost and noting that the transportation is by tanker trucks by
contract with civil companies and that these company are (Rawasi company -
Eyes company - Zubair Corporation - the flame company - wind carpet
Company - Growing company - New Line Company - Irag Jawwal company -
the treasures of the earth company - company Ghadeer - Zahra Company -
Anwar Karbala company - the fields of Lights company - mandate of the
company Ali - Dar ElI Oyoun company - a smooth gloss gold company -

Maali Burj company - the tender fields of company).

Told me by manager of department of contracts the governorates

(Nasiriyah—Amara - Basra) where transportation is by especially cars to the

oY



Ministry of oil / Distribution of petroleum products company / or the section
on company cars and agents government stations or by the pipeline
transportation and is not contracted with any civil companies that transport

cost which zero.

As told me the governorates (Dohuk - Sulaymaniyah - Arbil) there is no
data for transportation because there is all done within the region so it was

exception.

Because of security in (Diyala, Anbar - Salah Al dien — Mosul) no
complete data for transportation also have Dbeen exception.
Also review equipped organizations in the distribution company were
obtained data with actual sales of petroleum products and the amount of
inventories in warehouses by the assets Division. It has been inform me by the
manager that the increase and decrease in the quantities of demand and supply

is increased by ©7 and ¢/ for transportation cost.

Now, we will summarize the data obtained in the following tables and
that these data are for Y+ ¢ and for the governorates which are processed only

from Basra Governorate.

oy



Table (¥-)) represents data transport cost from warehouses to governorates

To
Baghdad Wasit Karbala Najaf | Diwaniya | Muthanna
Form
T Yo Yo YV Y¥eos YYeao
Khor- Al
Zubair
Teaas Yoous I Yo R Yooos
Shuaiba

Table (¥-Y) represents the amount of data to governorates demand for

petroleum products m" / day

governorates

Baghdad

Wasit

Karbala

Najaf

Diwaniya

Muthanna

Demand

YAYEAA

YUEE VA

VIAY ¢

YAAY YY

FRCRE

Ato 9

Table (Y-Y) represents the amount of data to supply in the warehouses of oil

products m" / day

Warehouses Supply
Khor- Al Zubair Y¥IA Yo
Shuaiba AREKAAE

ot




¥-¥ Solving The Real data

In this section we solve the transportation problem by using (Win QSB).

Table (¥-¢) represents special data petroleum products (White oil, Gasoline and Gasoil)

To
Baghdad Wasit Karbala Najaf Diwaniya Muthanna Supply
From
T Yo FYeou YV A YV
Khor- Al YY¥IA YO
Zubair
Tevan Yoeoon Yeuun YO YYeuo \ERRE
Shuaiba v
Y¥aYo ¥4
Demand YAYEAA YUEE VA YIAY ¢ YAAY YY Y£10.Y) AEo 9
YYVYYY ]

Considered that, ¥_, S, = ¥aYe.¥a | ¥\ D, =)YVVY .4

Yoy Sk # Y-y D; , then we adding slack variable to the supply with zero cost,

and taking Yp_, Sk — Xy D; =TA£Y.e)

oo




Table (¥-°) represents a special data petroleum products the balanced (White oil, Gasoline and Gasoil)

TO
Baghdad Wasit Karbala Najaf Diwaniya Muthanna Supply
From
AY v e YV 00 YYoeuu YVoeur YVeuo \Q .
Khor- Al Y¥IA Yo
Zubair
Teeen Yoo Yoo Yo . YYeoro Y. .
Shuaiba AAERAR:
Warehouse YALY o)
YYVYYY 4
Demand YOYEAA YUEE VA YUAY ¢ YAAY YY EATRA Ao . q
YYYYY 4

Case \:- Crisp transportation problem

In the beginning, we solve the transportation problem by using (Win QSP) to get the optimal solution.




Table (¥-1) represents optimal solution for real data

TO
Baghdad Wasit Karbala Najaf Diwaniya Muthanna Supply
From
AY v e YV 00 YYoeuu YVoeur YVeuo YYeoo
Khor- Al Y¥IA Yo
Zubair YEYAYY. YIAY £ YAAY YY. YE10. YY) At Y)Y
Toeen Yoo Yoo YOuun YYouo Yo .
Shuaiba AAERAR:
£97Y .47, YUEE VA
Warehouse YALY o)
ALY o)
YYVYYY 4
Demand YOYEAA YUEE VA YUAY ¢ YAAY YY EATRA Ao . q
YYYYY 4

The total cost = oY1)« Y1 ¢+ units.

Case Y:- Fuzzy transportation

In this case we transform the crisp transportation problem to fuzzy transportation problem and then solving by using

different ranking function where A = [(ciq — Ay, Cip, €l + Av), (Sk — Ay, Sy, Sk + Av), (D — Ay, Dy, Dy + AY)].




Table (¥-V) represents fuzzy real data

TO
Baghdad Wasit Karbala Najaf Diwaniya Muthanna Supply
From
(YO T YY)
Khor- Al CACARIRS KN AARLIRARERS A ACRARERS (Yol Y s YVuuu, AARZIRASEEN YYAS . (18Y.¥¥Ve,
Zubair TEEAL) Yyay.) FYYAL) YALAY) YYavy.) YYVA Yo,
VIAE N TY0)
Shuaiba (ov-k"’-L"", (\%Y""‘"", (V/\/\hh,‘uhhhh, (Yﬁhhhyvohhh’ (Yh\‘kh,\‘v~hh’ (\thh’Yh.hh’ (‘VV'L.\//\V,
TYE~~) Y~/\~~) V\Y~~) YW~~~) Y\/\f-~) Y~/\~~) 'l"h\/.\f’
TAYY £4V)
Warehouse (.0 (25 (.5 () (.0 (rn0) | (e,
VALY 0
£.Y4 AAoO)
Demand | (AYTULYT Ve YEAA

N VTN YE)

(Yo . AVINTLE A
YYYTYAR)

(\1~\~_~°,\1/\\/_2

(VYAAY V3 VAAY Y,
VAV FYY)

VYY) Vo)

(AARIAERFACRLE
VOTA £V 0)

(A+Y.AYo0 Afo .4,
AAY ¥ ¢ £0)

oA



* First Algorithm
R (&) = -[a+Yb+c].

Table (Y-A) represents optimal solution for first algorithm of real data

TO
Baghdad Wasit Karbala Najaf Diwaniya Muthanna Supply
-‘Y~~n YT‘~~. VY~~~ Y\/nnh YY’#.- Y\~~h
Khor- Al VEFAYY. VIAY £+ o YAAY YY . YET0 Y)Y . INTRE Y¥IAYo
Zubair
Teeen Yoeounn V~~~~ YOunn Y\.hn Yoeoenn
Shuaiba £47Y a1, YIEE VA ARER AR
Warehouse ¥ALY 0) YALY o)
YYVYY A4
Demand YOYEAA YTEE A YUAY ¢ YAAY YY EAT-RA Ao+
YYVYY ]




The total cost = oV1)« ¥ ¢« units.

* Second Algorithm

R(A)= -[w(a-c)+Yb+c].

Accordingly, when w € [+,)] we sub state all the values of w to get the solution which scheduling in the following table:-

Table (¥-) represents the optimal solution of second algorithm for all Weight

)

Y

« 0

T.c

AN W

oﬁ...ﬁi..

¥ Y- AR

OAY «YEV

oVYao YA

ovVAY e Y Y e

ovYT ea e

o VoddA.,

o1o7¢4Y .

OWY5~W°~~

COANAET v

The beast for this algorithmis [+.V, V].




* Third Algorithm

R(A&) =<[a+ tb+cl.

Table (Y-) +) represents represents optimal solution

TO
From Baghdad Wasit Karbala Najaf Diwaniya Muthanna Supply
‘ TY e ‘ Y¥euo ‘ YYaao ‘ YV ‘ YYeuu ‘ YYeen
Khor- Al Zubair VEYAYY. YIAV £+ s YAAY YY. FACRAE ISTRE V¥YA Yo
‘ -L~~~~ ‘ Y~~~~ ‘ T‘~~~~ ‘ Yott. ‘ Y\hhh ’ Ynhhh
Shuaiba £41Y.97, YUEE A IRTAAF:
Warehouse FALY 0) YALY o)
YVYVY 4
Demand YOYEAA YUEE A YUAY ¢ YAAY YY Y£10. Y)Y Ao 44
YVYVY ]

A3




* Proposed Algorithm ()

The total cost = oY) « Y1 ¢« units.

R (A) =%[w(a—c) +Yb+cl,we|:,)]

Table (Y-))) represents the optimal solution for all Weight for proposed algorithm ()

o8

« 0

T.c

oAdYY oL v

L AARARE

OAYA v E& v

oAYYAYOo. .

OVYATATE v

OVAY e VYt

OV\‘Dhi/\h .

OV AYVYY e

OTAY o v

oToVYYYY

OTYYY e

Note from the table above there are inverse relationship between weight and costs, and that the greater the weight the small

costs.

1y




* Proposed algorithm (Y)

Table (Y-1Y) represents optimal solution for proposed algorithm (Y)

R(&) =~[a+b+cl.

TO
Baghdad Wasit Karbala Najaf Diwaniya Muthanna Supply
From
TY!!. YY’~~~ Y‘Y~~~ Y\/nnh YY’#.- Y\hh~
Khor- Al Zubair |y s¥a ¥y, YIAY £+ YAAY YY . £ YY) NTAR VFIAYe
1~~~~ Y~~~~ Y‘~~~~ YOnnh Y\hh. Yn~~~
Shuaiba £47Y 4. YTEENA SRAT:
Warehouse ¥ALY 0) YALY o)
YYYVY 4
Demand VoY EAA YIEE A VIAY ¢ YAAY VY YETo Y A£0 4

YYYVY 4




The Total cost = eV «Y7 ¢« units.

¢



¥-¢ Comparison

In this section we organized a comparison between the crisp
transportation and all methods ranking function through the transport cost to

the results of real data.

Table (Y-1Y) represents comparison between all results algorithms

Algorithms Optimal solution
Crisp OVTY YL
First oV YY1 En
Second o1y where w=-.9
Third OVIY «¥E
Proposed(") ©T1oVYYY. .+ where w="+.%
Proposed (Y) OVTY ¥

Noting the minimum total cost in the second algorithm and the proposed

algorithm (V) near to the second algorithm.



¢-\ Introduction

In this thesis we summarized many conclusion and recommendation

which are as follow:-

¢-Y Conclusion

V) From the first numerical example in chapter two from table (Y-YA) we note
that the first minimum cost is the second algorithm and the second
minimum cost is the proposed algorithm (V) and the third minimum cost is

the crisp algorithm.

Y) From the second numerical example in chapter two from table (Y-YA) we
note that the first minimum cost is the second algorithm and the second
minimum cost is the proposed algorithm (V) and the third minimum cost is

the first algorithm.

¥) In the numerical application in the chapter three from table (¥-)Y¥) we can
show that the first minimum cost is the second algorithm and the second
minimum cost is the proposed algorithm ()) which satisfied the best
transportation cost from the warehouses to the governorates. But the
crisp algorithms, first algorithm, third algorithm and the second
proposed algorithm are given the same result because we have got the

same cost transportation when we transfer the fuzzy case to crisp case.

¢) We noting that the second algorithm and the first proposed algorithm
gave us the best results than the other algorithms, because it dependent

one weight function, while the other algorithms be oscillate.

) The weight function in the ranking function has the direct correlation
between the transportation cost and the weight and the best weight

function is when w="-.V

0



¢-Y Recommendation

We recommend the use of genetic algorithm with ranking function
and compare the result with traditional algorithms as we believe the
integration of the two methods to find the optimal solution will satisfied
high speed and accuracy in the solution in this case that the problem

contain a large volume of data.

"
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[ Abstract I
| In this thesis fuzzy transportation problem in which the cost of [
H transportation and the amount of demand and supply are fuzzy numbers H

I studied and that the membership function is used to find the fuzzy i

L numbers are triangular membership function. |

i Many algorithms have studied and proposed two algorithms have H
i been used depending on proposed ranking function to remove fuzziness i
l solution of fuzzy transportation problem. A numerical example and real d
H data are used to show the efficiency of all these algorithms which used in H
[ this thesis with respect to the Vogel's algorithm with modified I
| distribution and sure the solution by (WinQSB). |

i Finally, during the application of algorithms solution we studied the i
problem of the transfer of real whose data was obtained from Oil
Products Distribution Company. Comparison between algorithms .
solution has been organized by minimizing costs and the results of this ]

problem have been achieved. i
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