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Abstract
In this paper, will discuss solving the problem of blood group transfusion in National bank of
Iraq by using a multi-models consisting of a transfusion model, Particle Swarm Optimization
algorithm and analytic hierarchy process, the model will applied to find the best transfusion
from the donors to the persons whom need it ,and will take into consideration the compatibility
among blood groups in case there isn't availability of specific blood group and in this case we
depend on the opinion of specialists by surveying their opinions to get an a clear indication, in
same time we put in consideration the for expiry amount and to keep available stock for all
blood groups especially O+ to by launched to all persons during emergency cases .
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Introduction
This paper reports the improvement performance for transportation of blood to meet patient's
requirements for blood transfusion request by Analytic Hierarchy Process (AHP) and using
also particle swarm optimization (PSO) In Iraqi blood transfusion bank. There is a need for
effective and efficient management of available amount of this important material in blood
banking systems, Moreover, there is a risk issue must take in consideration such is the wrong
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transfusing of blood types to the patients, unnecessary importation of blood units from the
donors, and wastage of blood amounts due to non-usage necessitate, therefore the development
of mathematical models and techniques for effective handling of blood distribution among
available blood types is really important in order to achieve all demands, minimize wastages
and importation from external sources.

All those considerations led gives rise to the blood transportation problem in order to manage
the mentioned considerations, the results obtained show the efficiency of the proposed
algorithm for BTP with no blood units wasted and very low importation just necessary cases
from outside the blood bank, therefore the results can serve as a benchmark and basis for
decision support tools for real-life deployment.

Mathematical Models

Transportation Model

Min z = Z:Zl 2}1=1 CijsXij T (1)[7]

(Subject to):

The constraint of demand amount as it should be less than or equal to the stock amount in the

source:
n

le-j ) A (2

i=1
The constraint of demand amount as it should achieve at least of demand:
m

le-,- > b e (3)

j=1
Xij20 s =12, m. 4)
Where is i=1,2,... ,n
It possible to be there is a balance in transportation model as the offered amount is equal the
demand amount , and this will consider supposed constrain ,as may me the offered amount
been less than the demand amount as shown in below :

m n

j=1 i=1
In this supposed case the model will be as a standard form and we can call this model is standard
transportation and all constraints will be as an equations as shown in below:

Min z = }i%, Z;‘L=1 CijxXij

Subject to :

n

i=1

m
inj T )
j=1
Xij =01[7]
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Matrix of compatibility of blood group

In below table it shown the compatibility of blood group among each other, as there is some of
them able to be a donor and some of rest of them able to be receiver or donor and receiver, and
it reflect a crystal clear approach:

Zralal) & il A Alae

Blood Group Compatibility Of

Blood Donor Blood Group
Group |A+ | A- B+ |B- AB+ | AB- | O+ | O-
A+ YES | NO NO |NO |NO |NO |YES | YES
A— NO | YES NO |[NO |NO |NO |NO |YES
. B+ NO | NO YES | YES | NO |NO | YES | YES
peceived B NO |NO _|NO |YES|NO |NO |NO |YES
Group AB+ YES | YES YES | YES | YES | YES | YES | YES
AB- NO | YES NO |YES|NO |YES|NO |YES
O+ NO | NO NO |NO |NO |NO |YES | YES
O- NO |NO NO |NO |NO |NO |NO |YES
Table 1 [3]

2-Analysis Hierarchy Process

There is another technique analysis Hierarchy Process (AHP) has been used to set the priority
of in transfusion of blood especially when provide an alternative blood group, it was calculated
by survey that handled with five specialist of blood group compatibility and achieved below

results:
Expertl Survey Of
A+ A- B+ B- AB+ AB- O+ O-
A+ [90.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0
A- 0.0 80.8 0.0 0.0 6.2 13.0 0.0 0.0
B+ |0.0 0.0 90.0 0.0 10.0 0.0 0.0 0.0
B- 0.0 0.0 8.0 67.4 2.8 21.9 0.0 0.0
AB+ | 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
AB- | 0.0 0.0 0.0 0.0 11.1 88.9 0.0 0.0
O+ |83 0.0 8.3 0.0 8.3 0.0 75.0 0.0
O- 10.3 5.1 6.2 6.1 6.1 6.1 6.2 53.8
Table 2
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Expert2 Survey Of

A+ A- B+ B- AB+ AB- O+ O-
A+ 190.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0
A- 0.0 81.8 0.0 0.0 9.1 9.1 0.0 0.0
B+ [0.0 0.0 90.0 0.0 10.0 0.0 0.0 0.0
B- 0.0 0.0 7.6 68.3 2.7 21.5 0.0 0.0
AB+ | 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
AB- [ 0.0 0.0 0.0 0.0 10.0 90.0 0.0 0.0
O+ |83 0.0 8.3 0.0 8.3 0.0 75.0 0.0
O- 5.5 93 54 59 6.6 5.9 7.8 53.6

Table 3

Expert3 Survey Of

A+ A- B+ B- AB+ AB- O+ O-
A+ 190.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0
A- 0.0 81.8 0.0 0.0 9.1 9.1 0.0 0.0
B+ | 0.0 0.0 90.0 0.0 10.0 0.0 0.0 0.0
B- 0.0 0.0 24.4 27.0 21.1 27.6 0.0 0.0
AB+ | 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
AB- | 0.0 0.0 0.0 0.0 50.0 50.0 0.0 0.0
o+ |87 0.0 8.7 0.0 9.3 0.0 73.4 0.0
O- 6.9 6.9 6.8 6.9 6.8 6.8 6.8 51.9

Table 4

Expert4 Survey Of

A+ A- B+ B- AB+ AB- O+ O-
A+ 190.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0
A- 0.0 81.8 0.0 0.0 9.1 9.1 0.0 0.0
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B+ | 0.0 0.0 90.0 0.0 10.0 0.0 0.0 0.0
B- 0.0 0.0 8.5 74.3 8.8 8.5 0.0 0.0
AB+ | 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
AB- | 0.0 0.0 0.0 0.0 10.0 90.0 0.0 0.0
O+ |83 0.0 8.3 0.0 8.3 0.0 75.0 0.0
O- |62 6.2 6.2 6.2 6.2 6.2 6.2 56.2
Table 5
Expert5 Survey Of
A+ A- B+ B- AB+ AB- O+ O-
A+ 190.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0
A- 0.0 81.8 0.0 0.0 9.1 9.1 0.0 0.0
B+ 0.0 0.0 90.0 0.0 10.0 0.0 0.0 0.0
B- 0.0 0.0 10.5 57.5 10.5 21.5 0.0 0.0
AB+ | 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0
AB- | 0.0 0.0 0.0 0.0 10.0 90.0 0.0 0.0
O+ |83 0.0 8.3 0.0 8.3 0.0 75.0 0.0
O- |63 5.8 6.3 6.3 6.3 6.3 7.1 55.6
Table 6

Mean of Matrix of hierarchy

We found the mean of surveys by calculate the average to all factors five matrixes and that will
be applicable to use on behalf of C cost in transportation model, and all those percentage

consider the percentage of ability to use same blood group or alternative group:

Mean of Surveys

A+ A- B+ B- AB+ AB- O+ O-
A+ |90 0 0 0 10 0 0 0
A- 0 81.6 0 0 8.52 9.88 0 0
B+ |0 0 90 0 10 0 0 0
B- 0 0 11.8 58.9 9.18 20.2 0 0
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AB+ | 0 0 0 0 100 0 0 0

AB- | 0 0 0 0 18.22 81.78 |0 0

O+ |8.38 0 8.38 0 8.5 0 74.68 |0

O- |7.04 6.66 6.18 6.28 6.4 6.26 6.82 54.22
Table 7

3-Partial Swarm Optimization

According to the huge data, it calculated by one of efficiency algorithm to find the calculation
of transportation with thirty work days by using Matlab program interface:

Main

Clc

clear

C=[90.0 0.0
0.0 81.8 0.0
0.0 0.0 90.0
0.0 0.0 7.6
0.0 0.0 0.0
0.0 0.0 0.0
8.3 0.0 8.3
5.5 9.3 54
C(C==0)=-1000000;
D=[54 11 78
66 8 57
64 30 65
43 15 62
66 18 92
47 11 64
94 17 49
57 15 42
67 7 88
61 19 135
64 22 89
53 16 48
52 15 25
28 8 44
43 11 82
31 11 64
54 18 52
47 12 41
49 18 42
30 12 20
48 9 51

0.0
0.0
0.0
68.3
0.0
0.0
0.0
5.9

21
13
10
25
11

10
19
20
14
29
15
14

22
17
21
18
13

0.0
9.1
10.0
2.7
100.0
10.0
8.3
6.6

21
31
42
26
23
24
10
18
26
30
26
20
26
14
26
17
31
21
32
19
25

10.0
9.1
0.0
21.5
0.0
90.0
0.0
5.9

WP, AN, OOPR,ONNODWARRARROMGDOO WV —DN

0.0
0.0
0.0
0.0
0.0
0.0
75.0
7.8

81
75
61
68
61
56
58
55
103
101
81
70
21
55
44
65
47
59
65
53
60
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0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

53.6]"
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33 3 65 4 13 2 67 9
51 3 79 15 31 11 102 11
74 22 72 14 33 8 84 29
62 22 76 14 26 3 73 23
56 15 85 15 15 6 100 24
52 20 45 15 34 4 75 22
81 13 41 10 23 6 42 20
48 10 51 7 10 4 56 9
69 10 58 4 11 1 89 10];
IN=[334 48 5 8 1 45 6
48 3 45 2 16 2 73 11
174 22 206 22 56 7 213 22
128 16 139 21 35 3 157 18
137 11 116 14 30 1 158 21
104 9 114 20 32 1 123 22
199 29 108 24 59 5 228 28
39 8 44 2 7 1 40 9
36 9 41 10 14 2 81 6
240 24 212 28 68 5 272 31
160 6 151 24 47 1 159 18
175 18 148 11 58 5 172 23
148 14 157 12 39 3 204 12
154 18 171 26 38 5 215 15
36 5 30 4 5 1 62 7
48 6 38 7 18 2 74 7
150 16 167 14 43 3 198 13
155 13 167 21 74 5 200 23
136 13 189 23 49 2 184 28
172 12 184 13 56 10 225 14
37 3 39 50 14 0 50 2
44 1 35 10 9 1 44 4
53 10 48 4 11 3 62 8
115 24 199 21 63 6 262 30
136 23 160 13 48 0 175 19
148 6 146 20 38 6 151 21
108 15 133 12 41 5 139 14
183 20 181 24 66 20 257 31
35 2 46 7 8 0 50 2
47 7 64 3 15 3 48 13];

Results Analysis

In below tables we can find the results as those consider a part of total results per day:

. The transfusion for first day : we covered almost of requests and postpone some of them
according to availability of stock :
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Day 1
alkal)
A+ |A- |[B+ |B- |AB+ |AB- |O+ |O- alhal) Ja sl
A+ [33 |0 0 0 0 0 0 0
A- 0 4 0 0 0 0 0 0
B+ |0 0 48 |0 0 0 0 0
B- 0 0 0 5 0 0 0 0
AB+ [0 0 0 0 8 0 0 0
AB- |0 0 0 0 0 1 0 0
o+ |0 0 0 0 0 0 45 |0
O- |0 0 0 0 0 0 0 6
wAN[33 |4 48 |5 8 1 45 |6
o 0 0 0 0 0 0 0 0
A

2. The transfusion for second day: we covered almost of requests and postpone some
of them according to availability of stock and we provided an alternative blood

group based on compatibility:

Day 2
calkal)

A+ |A- [B+ |B- |AB+|AB-|O+ [O- | Jasal
A+ 48 |0 0 0 0 0 0 1 87 38
A- 0 3 0 0 0 0 0 0 15 12
B+ 0 0 45 |0 0 0 0 0 87 42
B- 0 0 0 2 0 0 0 0 10 8
AB+ 0 0 0 0 16 |0 0 0 44 28
AB- 0 0 0 0 0 2 0 0 2 0
O+ 0 0 0 0 0 0 73 |0 111 38
O- 0 0 0 0 0 0 0 10 |10 0
Criad 48 |3 45 |2 16 |2 73 |11
A Bl [0 0 0 0 0 0 0 0

3. The transfusion for third day: we covered almost of requests and postpone some of
them according to availability of stock and we provided more than an alternative

blood groups based on compatibility:
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Day 3
A+ |A- |B+ |[B- |AB+|AB-|O+ |O- |k ﬁ,

A+ 103 [0 |0 0 0 0 0 0 |[103 0
A- 0 22 |0 0 0 0 0 0 |42 20
B+ 0 0 |[107 |0 0 0 0 0 |107 0
B- 0 0 |0 2 |0 0 0 0 7
AB+ 12 [0 |0 0 56 |2 0 0 0
AB- 0 0 |0 0 0 5 0 0 0
O+ 0 0 |0 0 0 0 99 |0 0
O- 0 0 |o 0 0 0 0 3
(Al 174 |22 [206 [22 |56 |7 213

o 59 10 |99 |0 0 0 114

(A

Discussion and conclusion

We can find conclusion through our research some of advantage of solving the issue of
transportation through the particle swarm algorithm and hierarchical analysis have contributed
for raising the performance effectiveness of the center of blood bank by improving the blood
transfusion system and achieve the objectives, and provision of blood for all blood type
especially rare type of blood as much as possible and postponing the non-urgent ones to the
next day in case there isn't alternative compatible type. And we can recommend to adopting a
new scientific methods to manage the blood transfusion process, including prediction and fuzzy
programming in the Iraqi National Center for Blood Transfusion, and this will lead to increase
the efficiency and performance level of the center and will reduce any probability of the center
can't met the requests of patients according to never available amount of the specific or
compatible types, and recommend also to keep blood donation campaigns as periodical wise
based density of population of people and blood group historical in order to keep and increase
all blood types especially o+ group because considers a general donor for all blood group type
which we may need in emergency cases ,and recommend to take in consideration the waste of
blood according to the expiration as it possible to construct a mathematical model to control
on this issue ,and it's worthy to recommend to create an application can be installed to mobile
phone and that able to announce and publish periodically which blood group and quantities are
required and that will give the donation process more proposed and facilitated to the mobile
teams according to depend on the data of responses people whom wish and confirm to donate
via this application.
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