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The Application of Genetic Algorithm to Reduce Waiting Time and Improve the
Quality of Health Services in the Radiology Department / Al-Wasiti Teaching
Hospital

Prof. Dr. Hamed Saad Nour Al-Shamrti * , Souad Abdul-Hussein Musa 2

Abstract

The genetic algorithm is defined as a smart genetic algorithm that can be used to find and
improve complex problems, as the study touched on the application of the concept of the
Genetic Algorithm (GA) to reduce the waiting time of the auditors and improve the quality
of performance at the Radiology Department / Al-Wasiti Teaching Hospital, as the work is
divided according to a sequence The references and their arrival time to the radiology
department, where data were collected for (arrival time, service time, departure time) for
each reviewer in minutes, and the one-channel waiting-line model according to the nature
of the aforementioned section M\M\1. Where the data was tested and found It distributes
the appropriate statistical distribution for the nature of the data, and when tested, it was
found that the probability distribution of access units is Poisson, while the probability
distribution of service units is an exponential distribution, and it was found to find
performance measures or operating characteristics and their interpretation and using the
MATLAB program and the Win QSB program to obtain the required results.

The genetic algorithm has been applied, its properties and the content of its steps have been
applied. The results showed that it gave acceptable and high-accuracy solutions on which
the researcher relies in making his decision and building what is commensurate with the
health reality and its advancement.
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: (System of Queuing) JdaiY alkai ]
Uiy dala¥ il (» 1953) 4w 3 "Kendal " e S
SV a5 (kindall Notation) JxS 5 sey (oans Al 5

(@al/b/c):d/elf)

U
(Arrival Disteibution) Jsall Juia¥l &350 2 a
Service Time ) dwexall s yial Maia¥l anisill : b
(Distrbution

« (Number of Parallel Servers) de2all cillaas 22 : ¢
c=1.2,., o

ROREUIINIARY;

12 33n0 )5Sy ) QUaill Lgae sy Al las 5l e 222 581 e

.(J}.\Mﬁ.&ji

( M/M/1)(FCFS/75/00) N cia Jualdi (s (5) Jso>

Data Description ENTRY
Number of service 1
Service rate (per server per hour) 12
Customer arrival rate (per hour) 10
Queue capacity (maximum waiting) 74
Customer population M

Busy server cost per hour

Idle server cost per hour

Customer waiting cost per hour

Customer being served cost per

hour

Cost of customer being balked

Unit queue capacity cost

e
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3slaw ¢ 94 (M/M/1)(FCFS/75/00) SN cha gl Gun (6) Jo>

07-22-2021 Performance Measure Result
1 System M/M/1/75 From Formula
2 Customer arrival rate (lambda) per hour = 10.0000
3 Service rate per server (mu) per hour= 12.0000
4 Overall system effective arrival rate per hour = 10.0000
5 Overall system effective service rate per hour = 10.0000
6 Overall system utilization = 83.3333%
7 Average number of customers in the system (L) = 4.9999
8 Average number of customers in the queue (Lg) = 4.1666
9 Average number of customers in the queue for a busy system (Lb) = 4.9999
10 Average time customer spends in the system (W) = 0.5000 hours
11 Average time customer spends in the queue (Wq) = 0.4167 hours
12 Average time customer spends in the queue for a busy system (Wb) = 0.5000 hours
13 The probability that all servers are idle (Po) = 16.6667%
14 The probability an arriving customer waits (Pw) or system is busy (Pb) = 83.3333%
15 Average number of customers being balked per hour = 0.0000
16 Total cost of busy server per hour = $0
17 Total cost of idle server per hour = $0
18 Total cost of customer waiting per hour = $0
19 Total cost of customer being served per hour = $0
20 Total cost of customer being balked per hour = $0
21 Total queue space cost per hour = $0
22 Total system cost per hour = $0
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Pw [The probability an arriving customer waits)

08333 18333
07802 — —0.7a02
070 — —0.eET0
05833 — —0.5838
05007 — —0.a007
0.4175 — =417
03344 — 03344
02812 — —h.asz
01681 — —0188t
0.0243 — —0.0843
175E-3 1.75E-3

Number of servers
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:(4) 4

Random Seed Queue Discipline

®:lUse default random seed: = FIFD

) Enter a seed number 1 LIFO

' Usze system clock ' Random

Handom zeed number: 2FAITF

Simulation tme: ——— [lo00 |
Stan collection time: [0
Max number of data collections: | (M
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07-22-2021 Performance Measure Result
1 System M/M/1/75 From
Simulation
2 Customer arrival rate (lambda) per hour = 10.0000
3 Service rate per server (mu) per hour= 12.0000
4 Overall system effective arrival rate per hour = 9.9915
5 Overall system effective service rate per hour = 9.9875
6 Overall system utilization = 84.0235 %
7 Average number of customers in the system (L) = 5.2792
8 Average number of customers in the queue (Lq) = 4.4390
9 Average number of customers in the queue for a busy system (Lb) = 5.2830
10 Average time customer spends in the system (W) = 0.5285 hours
11 Average time customer spends in the queue (Wq) = 0.4444 hours
12 Average time customer spends in the queue for a busy system (Wb) = 0.5289 hours
13 The probability that all servers are idle (Po) = 15.9765%
14 The probability an arriving customer waits (Pw) or system is busy (Pb) = 84.0235%
15 Average number of customers being balked per hour = 0
16 Total cost of busy server per hour = $0
17 Total cost of idle server per hour = $0
18 Total cost of customer waiting per hour = $0
19 Total cost of customer being served per hour = $0
20 Total cost of customer being balked per hour = $0
21 Total queue space cost per hour = $0
22 Total system cost per hour = $0
23 Simulation time in hour = 1000.0000
24 Starting data collection time in hour = 0
25 Number of observations collected = 9988
26 Maximum number of customers in the queue = 37
27 Total simulation CPU time in second = 2.2790
Ssa s Adlaial pa sy (g2 s VLAY Jsan (DA (Sa s O Jall Jsan e slSlaall aay i) Jall J san Adaadle xie
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07-22-2021 Estimated F)robability of Cumulative probability
customer in the system
0 0.1667 0.1667
1 0.1389 0.3056
2 0.1157 0.4213
3 0.0965 0.5177
4 0.0804 0.5981
5 0.0670 0.6651
6 0.0558 0.7209
7 0.0465 0.7674
8 0.0388 0.8062
9 0.0323 0.8385
10 0.0269 0.8684
11 0.0224 0.8878
12 0.0187 0.9065
13 0.0156 0.9221
14 0.0130 0.9351
15 0.0108 0.9459
16 0.0090 0.9549
17 0.0075 0.9624
18 0.0063 0.9687
19 0.0052 0.9739
20 0.0043 0.9783
21 0.0036 0.9819
22 0.0030 0.9849
23 0.0025 0.9874
24 0.0021 0.9895
25 0.0017 0.9913
26 10.0015 0.9927
27 0.0012 0.9939
28 0.0010 0.9949
29 0.0008 0.9958
30 0.0007 0.9965
31 0.0006 0.9971
32 0.0005 0.9976
33 0.0004 0.9980
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binary < s se 5 S Jiiai-

crossover logic a3l crossover -
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Data Description ENTRY
Number of service 1
Service rate (per server per hour) 15
Customer arrival rate (per hour) 14
Queue capacity (maximum waiting) 69
Customer population M

Busy server cost per hour

Idle server cost per hour

Customer waiting cost per hour

Customer being served cost per

hour

Cost of customer being balked

Unit queue capacity cost
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07-22-2021 Performance Measure Result
1 System M/M/1/70 From Formula
2 Customer arrival rate (lambda) per hour = 14.0000
3 Service rate per server (mu) per hour= 15.0000
4 Overall system effective arrival rate per hour = 13.9925
5 Overall system effective service rate per hour = 13.9925
6 Overall system utilization = 93.2833%
7 Average number of customers in the system (L) = 13.4665
8 Average number of customers in the queue (Lq) = 12.5337
9 Average number of customers in the queue for a busy system (Lb) = 13.4362
10 Average time customer spends in the system (W) = 0.9624 hours
11 Average time customer spends in the queue (Wq) = 0.8957 hours
12 Average time customer spends in the queue for a busy system (Wb) = 0.9602 hours
13 The probability that all servers are idle (Po) = 6.7168%
14 The probability an arriving customer waits (Pw) or system is busy (Pb) =| 93.2832%
15 Average number of customers being balked per hour = 0.0075
16 Total cost of busy server per hour = $0
17 Total cost of idle server per hour = $0
18 Total cost of customer waiting per hour = $0
19 Total cost of customer being served per hour = $0
20 Total cost of customer being balked per hour = $0
21 Total queue space cost per hour = $0
22 Total system cost per hour = $0

DSV o g Aagall G Sl e Gyl (e Y Al A ) Al Aaliiil) milil) e ¢ Y die
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System Performance Summary for QA Problem (Genetic Algorithms)

System: M/M/1/70 From Formula

Customer arrival rate (lambda) per hour = 14.0000
Service rate per server (mu) per hour = 15.0000

Overall system effective arrival rate per hour = 13.9925
Overall system effective service rate per hour = 13.9925

Overall system utilization = % 93.2833

Average number of customers in the system (L) = 13.4665

Average number of customers in the queue (Lq) = 12.5337

Average number of customers in the queue for a busy system (Lb) = 13.4362
Average time customer spends in the system (W) = 0.2624hours

Average time customer spends in the queue (Wq) = 0.1957hours

Average time customer spends in the queue for a busy system (Wb) = 0.2302hours

The probability that all servers are idle (Po) = % 4.7168
The probability an arriving customer waits (Pw) or system is busy (Pb) =% 95.2832

Average number of customers being balked per hour = 0.0005

Total cost of busy server per hour = 03
Total cost of idle server per hour = 0%
Total cost of customer waiting per hour = 0%

Total cost of customer being served per hour = 03
Total cost of customer being balked per hour = 0%
Total queue space cost per hour = 0%
Total system cost per hour = 0$
HEIR|
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07-22-2021 Estimated probability of Cumulative probability
customer in the system
0 0.0672 0.1667
1 0.0627 0.3056
2 0.0585 0.4213
3 0.0546 0.5177
4 0.0510 0.5981
5 0.0476 0.6651
6 0.0444 0.7209
7 0.0414 0.7674
8 0.0387 0.8062
9 0.0361 0.8385
10 0.0337 0.8684
11 0.0314 0.8878
12 0.0293 0.9065
13 0.0274 0.9221
14 0.0256 0.9351
15 0.0239 0.9459
16 0.0223 0.9549
17 0.0208 0.9624
18 0.0194 0.9687
19 0.0181 0.9739
20 0.0169 0.9783
21 0.0158 0.9819
22 0.0147 0.9849
23 0.0137 0.9874
24 0.0128 0.9895
25 0.0120 0.9913
26 0.0112 0.9927
27 0.0104 0.9939
28 0.0097 0.9949

e
41 (27-48)



2022 Jglll ggila, 2 aaell, 7 alaall

denlall agall b dlan

........ dinjjlgall (Guai - alew ganla

29

0.0091

0.9958

30

0.0085

0.9965

31

0.0079

0.9971

32

0.0074

0.9976

33

0.0069

0.9980

Pw [The probability an arriving customer waits)
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Handom Seed

®:Use default random seed:

Queue Dizcipline

® FIFO

(" Enter a seed number I LIFO

! Use system clock ! Random

Random seed number: 2F43T

Smatatontme: oo |
Start colloctiontme: o |
Queue capacit: ey |
Max. number of data colloctions: M |

A L alall) ¢ e O G (6) JSAI
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07-22-2021 Performance Measure Result
1 System M/M/1/70 From Simulation
2 Customer arrival rate (lambda) per hour = 14.0000
3 Service rate per server (mu) per hour= 15.0000
4 Overall system effective arrival rate per hour = 13.8687
5 Overall system effective service rate per hour = 13.8317
6 Overall system utilization = 92.4377 %
7 Average number of customers in the system (L) = 10.8866
8 Average number of customers in the queue (Lq) = 9.9621
9 Average number of customers in the queue for a busy system (Lb) = 10.7771
10 Average time customer spends in the system (W) = 0.7846 hours
11 Average time customer spends in the queue (Wq) = 0.7178 hours
12 Average time customer spends in the queue for a busy system (Wb) = 0.7765 hours
13 The probability that all servers are idle (Po) = 7.5623%
14 The probability an arriving customer waits (Pw) or system is busy (Pb) = 92.4377%
15 Average number of customers being balked per hour = 0
16 Total cost of busy server per hour = $0
17 Total cost of idle server per hour = $0
18 Total cost of customer waiting per hour = $0
19 Total cost of customer being served per hour = $0
20 Total cost of customer being balked per hour = $0
21 Total queue space cost per hour = $0
22 Total system cost per hour = $0
23 Simulation time in hour = 1000.0000
24 Starting data collection time in hour = 0
25 Number of observations collected = 13832
26 Maximum number of customers in the queue = 59
27 Total simulation CPU time in second = 2.6860
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% Design and Developement of Gentic Operators

% you can try using different generations and populations

% for cross over i have used a logic which is given in the attached PDF “crossover logic"

% to see solution look at 'solution’ matrix in workspace.

pop=100; %total population always
gen=100; %total generations

n=15; %no of jobs
initpop=zeros(pop,n); %initial population
pop_fitness=zeros(pop,1); %population fitness matrix
pop_fitness_sorted=zeros(pop,1); %for sorted fitness

fitness_temp=0; %fitness temporary variable used in fitness loops between k and j
for i=1:pop

x(i,:)=randperm(n); %random initial population --indicates queen position on board
end;
%counter=0;
%for i=1:100

% counter=counter+1;

% f(counter,:)=evaluate_objective(x(i,:));

% format shortg;
%end
%for i=1:100

% x(:,16)=f(:,1);
%end
%for i=1:100

% x(:,17)=f(:,2);
%end
%M=2;
%V=15;

%non_domination_sort_mod(x,M,V);

B ———————————————
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%actual_pop=initpop;

%duplication for working on this variable and keeping initial population intact

%generations loop

pop=(pop/2);
for g=1:gen

%selection

for i=1:pop
cross_over_temp_mat(i,:)=x(i,:);
end
cross_over_ready pop=repmat(cross_over_temp_mat,2,1);

cross_over_pop_final=cross_over_ready pop;

%cCross over part begins
%for detail explaination cross over logic refer to the pdf attached
%Ilogic---get random crossover point--then cross over at that point
%if two same values of rows in one individual..then adjust crossover
%according to the logic give in the pdf
while 1,

cross_over_point=floor(n*rand(1));

if cross_over_point~=0

break;
end

end

i=1;
while i<(pop-1),

cross_over_pop_temp_one(1,:)=cross_over_ready_pop(i,:); %copied parents
cross_over_pop_temp_two(1,:)=cross_over_ready_pop(i+1,:); %copied parents
%for child one

for j=1:cross_over_point

e
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for k=j:n
if (cross_over_pop_temp_one(1,j)==cross_over_pop_temp_two(1,k))
cross_over_pop_temp_adjust=cross_over_pop_temp_two(1,j);
cross_over_pop_temp_two(1,j)=cross_over_pop_temp_two(1,k);
cross_over_pop_temp_two(1,k)=cross_over_pop_temp_adjust;
break;
end
end
end
for j=1:cross_over_point
cross_over_child_one(1,j)=cross_over_pop_temp_one(1,j);
end
for j=cross_over_point:n
cross_over_child_one(1,j)=cross_over_pop_temp_two(1,j);

end

%for child two

cross_over_pop_temp_two(1,:)=cross_over_ready pop(i,:); %copied parents

cross_over_pop_temp_one(1,:)=cross_over_ready pop(i+1,:); %copied parents

for j=1:cross_over_point
for k=j:n
if (cross_over_pop_temp_one(1,j)==cross_over_pop_temp_two(1,k))
cross_over_pop_temp_adjust=cross_over_pop_temp_two(1,j);
cross_over_pop_temp_two(1,j)=cross_over_pop_temp_two(1,k);
cross_over_pop_temp_two(1,k)=cross_over_pop_temp_adjust;
break;
end
end
end
for j=1:cross_over_point
cross_over_child_two(1,j)=cross_over_pop_temp_one(1,j);
end
for j=cross_over_point:n
cross_over_child_two(1,j)=cross_over_pop_temp_two(1,j);

end
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cross_over_pop_final(i,:)=cross_over_child_one(1,:);
cross_over_child_two_flipped=wrev(cross_over_child_two);

cross_over_pop_final(i+1,:)=cross_over_child_two_flipped(1,:);

i=i+2;

end

%mutation introduced
%mutation occours :at every 5th individual..swapping of two random

% column values(that is queen positions)

%Any individual can change the mutation probability by simply changing
%the value.@Vigneshwar
i=n;
while i<pop,
mutation_temp_one=floor(rand(1)*n/2);
mutation_temp_two=floor(2*(rand(1)*n/2));
if (mutation_temp_one==0 || mutation_temp_two==0)
continue;
else
mutation_temp_data=cross_over_pop_final(i,mutation_temp_one);
cross_over_pop_final(i,mutation_temp_one)=cross_over_pop_final(i,mutation_temp_two);
cross_over_pop_final(i,mutation_temp_two)=mutation_temp_data;
end
i=i+5;
end
i=0;

x=cross_over_pop_final;

end
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