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Analysis of the Quality of Health Services in the Radiology Department / Al-Wasiti
Teaching Hospital Using the Genetic Algorithm
Prof. Dr. Hamed Saad Nour Al-Shamrti! , Souad Abdul-Hussein Musa 2

Abstract

This research includes the use of the Genetic Algorithm (GA) in analyzing the quality of
health services for the Radiology Department / Al-Wasiti Teaching Hospital, with the aim
of reducing the waiting times of the auditors and improving the service provided to them,
as the work is divided according to the sequence of references and the time of their arrival
to the radiology department, where a collection of Data for each of (arrival time, service
time, departure time) for each reference in minutes.

After implementing the genetic algorithm and taking advantage of its properties and the
content of its steps, 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.

Keywords: genetic algorithm, waiting system, genetic mutation

:(Introduction) 4exial)
S5 s aal (e Al QLB 8 IS Cl5) e
e aall Al YL @l 5 Ll T Lalaia) cold 3l 3 l0)
A5 Gl yall Aadial) il (5 51 e (el Bl
i) &) 3 ¢ UREY) i g) e Sl o) L aidl Laalaa
23 b el yall Aadial) Ciladdll e b cpa ) o jUssY)

e
49 (49-68)



mailto:Hamed.Saad@albayan.edu.iq
mailto:Souadabdelhusseinmusa@gmail.com
mailto:Souadabdelhusseinmusa@gmail.com
mailto:Hamed.Saad@albayan.edu.iq
mailto:Souadabdelhusseinmusa@gmail.com
mailto:Souadabdelhusseinmusa@gmail.com
http://www.kutcollegejournal.alkutcollege.edu.iq/
mailto:k.u.c.j.sci@alkutcollege.edu.iq

2022 Jgill ggila, 2 2aell,7 alaall

oe b ¢ Jaisall 8 (il 3 )3 U iy Lae Al 5l dlee
¢ )3 B3 e g5y anall ) S dilee )

& B (gl Ay il Bl las o8 dpa ) Al e ) )
daa ) sl aaini LS ¢ 1859 ale Leaay Al haill g s )
Al i) ol g el (LY A0 e Al

sl 4pa )l sad) Jualdip dpagda L1

sl Jlna b Sy gl o sd iS5kl
Gl o alaie V) I cpialll (e S ads 4 5 ST
o Sl Al oda ey el aaY) elSA il ) ) sa
SR [PR T Sy T-ES PP JUIPEN g | EWFEN [P RO S PEN|
Addy g dalaie g s Jgls

Ciaall 35k e banl 5 23 Aiaal) A ) A () iy yre g8 LS
sl &85l ey alall (LLERYT) Sl AT e Ayl
4 skl Gl )l sl e Bas )5S Dyl 4 )l Al Caial
Jee 38w bl e 4l s (Evolutionary Algorithm)
Ay HlaS Ay )l sadl 08 axaid (g5l alladl ) shaie (e dxgalall
0o slall e A 8 ) e sl el (sl (S sl Gy
e Lagads pibal bl alaai ) g LBV T (3i8a3 55 5k
O Al sl o2a datg A0 ) 0 8 ekl 5 ) ) 5 A1) 50
o i) Jadl e Cadl Jlae d aled) gaad) sl
suall cliall a8 JYA e bl siall Jglall e de sena
sl S (e A ) Ll laiall gl Glles
Al Jalail 5 ) shaly 4,0l Ceadl 451 ) Sl

O A sula 81Slae el alaad 345 Aall dge ) 53l
s A )lsall (4 paie pal dhasi ) Gk
i) ol (A J i sl Lgtllae 8 ) IS Gl sis 9 5 S
el gl i) gl s cila san sa 5 SI Jial (350 820 lia
(o padiudl 5 (1,0) al8,Y) Ladé aadiny 52l 5 (Binary) (Sl
il o3

Jsial) e sale fay 438 (Evolutionary) _sball L)
(Initial  (S1ai¥) J ) aeinall G Sla s ga s S
i 0m o Sime JERYI 13 5 il e US4, Population)
Al Gob e A alial A o uint Jia JS Ay A1 )
ISy 5 Sla g a5 SIV JSI (Fitness Function) dloslaal)
s AN o3 ded e eieWU 5 LAY e Jcaiias 3 ik

e gu g5 S LAl

e
50 (49-68)

deanlyllagallalbéalagn Gaga Juai - alewgaoh

G g ¢ A gall il ga g Bm all il el lELERY)
Aoy el el adn Las slall alis s skl
LS Sda 33 g sdl bl Jodat M4 (e daulial) J 5l
A8l 5 36 LNl Aanacall i al N Jem sl Ll
il Aaxd 5 ) gie il sall elal (585 S Allal)

Lpaaall s T wall il wgall Jala Chasy () il G4 1A
Gl saian gl i sall g il sall 038 pda e 5 ) sucay
& caidslas (N dsa sl ol (e de siiall Qidaill 33 5k 4
Gkl o3 (e s aed Cileadld) aaas uali (e Gral all Aedd
=l oY) LS (53 e Bad )5 Agial) A 15301 8
3oLl 5 Alle 4841y Uity 5 ) shalall 5 Al e 5,1 sl (ga s
AadV) andl dnall ledall 33 sa dalas 8 oY) 4o yull
O S [ B A B R |

saad dgaadll g Agalall e I adedl) o) gl 4 ST oy
L 3l a5 Aplall laadill Calide b (el e S
o Ly (o g - aLud¥) Calids e i yall 5 cpmad yall e
Ghliall 5 aall cpe el L 5 Lk gad 8 5% e 435S — A2 Y
cilaadll il g alas SV dgle (5 ¢ alaky Al 5 sladl)
Jal g2l (o am i pall g pamad el USTY) 300 Y 5 Al
s 555 (5 gD e ) oy dpmall Claaall 53 g 2283 1)
Lol J glas s o) (8 1305 alie ved e e J sl
)l srall g am ) Uil s il edl) @l 5l e o )
Laddll il Ay m e e e e Jsanl) b Ligal ga o0y 8
e Baad el (3 jaiueall gl 5 maal) CHLadA) 203855 138 g g
LI ) A (e i) 5 jalas s Jsaa) ddaal
83l ) (A el Gla yiia (I J s sll A gl s aoa sl il

uﬂu\ﬂ\w\)é\dyﬁb:«b&\ad};

:(Abrief history Al A sl e 4y 5 8345 Y

of genetic algorithm)
sle(John Holland) ¥ sa oa allatl [L20Ls <0y
University of ) OlSadiae daala (84D 58 W )5h51975
Cangll IS5 ¢ Jaall 138 b sanae Bmy 55 385 (Mlichigan
Aadai) 5 iliaal 5l s Cilaa ) Al (e sl el Leia (el
el Waldie ] sans Ayl Al o2a aladiuly Leiiwal
13 5 ¢ Jia¥) Jadl e Lediag IO 40805l clinad) Jee Jafiad
& Jsaall o e Jo8 Al Gay o3 (s BY) 2 el 8 Sy




2022 Jgill ggila, 2 2aell,7 alaall

Ll leall o2 jali iy Cpanda (0 )8 2 55 (i jal £lERY) )
e g5l B a5 agile GBdiall ool 8 JSo 2l daadl (5SS
1aa 8 aqire ¢ S Crossover 10gic wasd a3 ady & ol 5l
L)

L3, ) mutation 3kl & = o) 3l dlee 5 1 3 ghadl)
Llee @b oo salgiall clal) B alie i dlee a5
Gk 08 a5 ga s )SI IS8 (8 s M (5258 Gy ) )
<l ikl e g1 53 Bac @l Liagl g o sus g0 5 S Clina ol s
Lo yaidglec) g oda Ly L3 deddt ) Ll 431 )5l
- (0.15) s &85l 5 _jidall Jaea IS5 (i)

Al dga 3 ) A i ghad2
i se s LS MUY @l shadll (e Al dya ) sall Callis
(1) gy

REUE e

A dall 3l

S

v

JLEAY Ak ple diul

v

E9 3 A8y ple i

v

5 jdhll 48y )b slesiul

aenlall agall 4 élan

Al

g o

by

b gil)

Adlaiall Jua¥) auea e Gabai (selection) Jiay) ddlee )
e A i (385 e Gl gni a5 S (o Ao gana SRS 24 D)
Mgy plil (a2l 0.5 LAY s o Sid ) all oda A
Gl ,ll dlae 485k e slaie ) Al jall o2 (A 3 dis
ila g ga s S LA Alee A (Roulette well selection)
Ll oy Al a5 )l Alae 5 g 5 580 A3 Hhall o2a Jial
Glelhadll oda e Juall 3l i )68 sy g cileldad 3ae )
Sl Jaall ) 81 (g 08 JSIAL _aliall Alla dad e Talaie)
gy ey s de JS S Alaall da a0 a0 e (e
LalS g 4l Jiall 3l Lial b Waie g L 5 ia die dlaall
ey Sl g )l Alae 8 aslelUad dac ) o all Alialiall dad o) )

2 Jaadh af 8 aalanail g o jlidl) dallaial ala 35 &
sda ¢l jal a3 crossover (zsdll) el idee & L
DY) dglee 48y 5k (e an jliald o3 ualll eV e dlaal)

gl

i

Al 4 )1 A0 (s Jabadiall (o (1) pB) 84

e
(49-68)

51




2022 Jgill ggila, 2 2aell,7 alaall

Chromosome ; = gene 1, gene ,,gene 3, ... gene

:(Initialization) 4l ;@

Ao sane 2l % 3 Lydal Ay j ) A1) (8 (Y B ghadl) a g
pssa s S Jsh ) 5 e s g5 )S S0 e 4l sl Jsla
Gob gl lllia s 55 A Gl Aapla e aing aliai 48 Hha g
Lo Jabaill Jgmuny IS ila san s s S iy Sl A
25 o 5l U AU Arpla lealaie] sl U 000
(e AlalS Ao gana ant Cany ) sdic JS0 il g g 5 S
b Lead s (Search Space) (Sb—adll Caanll AiSaall J glal)
1 sas 5 5 HSI it (§ 5l i yriisd

:(Binary Encoding) Sl s o Jiail ]

IV il oY elldsle g YN sa pa il e g i) 18
¢ Al bl (e Sl il 4 )l 3l g a2diul 3
O Al IS8 e Glasusa s S Jiad oy g 5ill 1 48
D(1) Jsaall (A LS 52 ¥ (0,1) i (I 8!

aenlall agall 4 élan

genetic algorithm) [BH40al L)) 4l j—alic-3
:(Elements of a
Lo si (Kary saalinll (e 230 (g Agiall el Al calls
N
:(Population) gaisall :

sasys ¢ (Individuals) 2 3Y) (e sre (e aainall ¢ 5S3
pa—aa 2353 3 ¢ Leda ol ) DLl (o iny adinall ans
Tan 1S painadl aas IS 13 ¢ 21 5AY) 2ae Ggal) G 1 5300
ana S 13 el SIS g de ) 5l sl Tam glal Jany ¥ 8 Tila)
e 23 g (5K (psmisa5S) 28 IS ) ¢ laa T pioa acinal)
Al el ey Tadns (o s 3 5 SI J k) Taae (4585 5 sl
Al (30 48 jaall Claasa (paim 430 5 Sie Ayl dad () <
2 AL il s a5 SN e (3 (s patiasi 5 Ll 3 yall
ainal 80005 e 8N
N=>j => 1 ¢} 3 ¢ aliiai o sall (2,dll) o g 55 S sac
[=>j => 18 M pgmsas Sl Jsh sar

AU e 8N Cp (1) A2 Jgi

1 0 1

0

1 (2) Jsaall i ge g LS g sl B8 Y

:(Real Value Encoding) ¢ SV Sue il 5 Jéaill 2

sl Sl Jiay (2) pdy o

4.321 7.258 5.103

2.333 1.011 1 psmsas S

8.121 6.138 9.433

7.592 1.284 20 505 S

:(Integer value Encoding) dassall sac ¥l aladiuly Sae i) 5f Jiadl) 3
Z(3)d}3§j\g@.'a}ﬁ\}“w}%}ﬁ\ﬁhﬁa&\eﬁjij\wﬂ | d&“&sl“bu)“}‘}ﬂ‘d-ﬁagegﬂ\ ‘M@

dasaial) 0203 e i) Gaa (3) Al Jsta

913 4 7

5

2 | 1 | leswssS

2 5 8 6

9

T | 1 |2 asusesS

:(Tree Representation Encoding) sl s il 5l Jiail 4
A Aad 5 e ol Al ) Aleny Jiatisaie JS (arcs) e-@—ﬂs”‘j (nodes) Sall (1o e (he i 5Sia s o JS s iy p g 505 S

D(2) KAl b mase p LS

52 (49-68)



2022 Jgill ggila, 2 2aell,7 alaall

aenlall agall 4 élan

©

O
©

AN Spa ) G (2) PR JS

:(Character Representation Encoding) < sl aladiuly e il 5l Jiadll |5
(4) dsaall G se s LS g pall (e Al JS5 e e g a5 SI Jia S g il 1 B

i gall Saa Al (s (4) p) J2

w A

R

D Q

1 psmsas S

X I

N

K Y 2 a5 S

Akl oda Jitadl s, A8 Jlad) & o) a1 LEaY dllaal
s gad 100 () Larmnali oy Al a5 5l e 25 g (a0
s ded e e cileladll oda e doaall ol il o558
A pn ali am (as Aladl daad) o) e a8 JTAL aliall
aaie 5 Lo e die Alaall Cagdy Uil 5 ) sde JS5) dlaal)
LalS ¢ 2yl Alialiall dagd ) ) LalS g Al SLisall 3 ) Lsia) &y
o LA Aallaial 23 35 a3 (e g il g Il Alae 8 adlelad 2ae o) )
il gl Aae 48 5k dae )y 23 Jaad) o) 3Y dulanail

A bl Caveny s

. - (1
selection j =2]_n:% ( )
DO
Al Gladal dallaia) J3d Pglection
.2 all Alalaal) Aed Jisi : F
.l )i aae Jiaiin

Ll )l dlse gy (3) JSill

: (Selection) 131 Laay) of slainy) o

Zo 5 JaY aainall (e oLV Lia) ddee SlEEYL 2 aiy
g Anliall il &y Hha Lial e ¢ s Joa U
LY o) jal LS o o2A3 any 201 )l
Jany oS el fase o i 1 50 Akt e
Glaall 1A i e lagee JeYIduadlall 550 00 3Y)
Llee o) ey Ddal sl Luadlall (5555 3 Y ez 5l 5l
(Fitness Al —caliall ally dagd o L cail aaiadoda liay)
A 3 Adlaial) Jaa) asea e akai dddaall o34 <Function)
an] Ama A (35 o Dla s g 5 JSI) (0 A sana L
Oe 0S8 LIRS (5 Al Ak dlia | v bia uli Ul
(5 sbsn o5 Do ss 55 JS (4o 4l e Ao pane LA By ok
Gk s Sy ¢ fan Sysha Ty il g8 43 5kl o3
D SYL LY

:(Roulette Wheel Selection) culg i dlas 48y 4k 1
¢ 381 Cpe aaimall 8 Lo Jiadl lial e 45y Hhall o38 aaied
A3l adll 2t i g aainall 33l & gane ldial 2y ellh g

53 (49-68)



2022 Jgill ggila, 2 2aell,7 alaall

dealall agall duls dlan

= chromosomel

= chromosome?2

Sales

Q

= chromosome3

= chromosome4

Cul gl Aae ol (3 ) ad) <

S all dad) 0SS Al dilenll 038 el g Ganpas (3 8
il il 03 adalBall gl gl ) ¢ pgle (iRl 00l
Jbaal ) zUiss g gl 1 85 (Two-Point Crossover)
Jas a3 o s a5 S (U 5h) 3 gas e () sdie adals il
L Opiaa (il LY cpilail e (DU il g sa 5 S
DSl il 4 aadiu) g3 Y JEa) LR

Parent 1: 110/010/10

Parent 2: 001/001/11

Ol Gale Joas axd adalail) il ad g Jiad /3 LEY) () 3
rOhaa il Ll )5S

Child 1: 110/001/10

Child 2: 001/010/11

: (Mutation) 21 41 g1 5 ikl les
I3 e sadgiall oLil) A e oalia yunidolee a3 ikl)
O ps—yas SIS (8 s () 055 Sz ) 53 e
(ST 5l any i) o g g s SU Cilia (g2 ki G
Sl gl salef Llae ¥ LY e Aail ol dolaal) o3a
o S sl Gl s a5 SI Z U3 5 21 65 ) (g5 ZB3Y)
) AL alial) dad lua i il Lle Al alaall Al Gyl
Jsmandlla 8y ¢ aall dall 2l 655 7l dglee 8 2l
() Jua ) 3 e S5 Gra o) B Yl (a5 il
A el gl gl a0 585 8) daa) aiaall ) Cilaas

: (Elitist selection) A&l asa 4830 2

g 8l Gil—ud) ol e alaie Yl das s U o (S
Jaall 43 ge JAY1 Jall of ddlaial jlaey) jhay 32Y)
O Gilaall Jiall 813 5m 50 058 Y O (Sl e Y 5 )
Gan g oY i e s2aall Jglall Balaiay) Ja¥ s Gllaiall 13a
(o Lee Bl V) (i jad Bl Jslall e e aaied 44y 5l
Y1 aaed Jaad) JLeSY SR ¢l jal &8 e s 83U Jual)
- AV Lial) leally -l

: (Tournament Selection) [6] cb bl 48y 4k 3

Gas Sl Jaall e Ll e 0 8 LR 25 36 plall 038 b
o Alialaal) A2 Aad ) Tl (maml) Lagiany e gl jlia o5
sale) (Saall (sa 5 aaall diall iy (Sl Legle sl il o
A a j aai 48 phall sda | (5 AT 5 e cpadll (ada lasl)
sdgry paall Joall 0 & o LS aa Ll oy o (g 21AY)
e site (g sSm waall daal) (8 45y k)

: (Crossover) ahl&ill i z o) 5l d3las 22
(01 5) pe s 55 S e 58 Al A )l 3l adalil)
O ot Alenll o2a (a5 5 () Ban a3 a5 S (1 5SI)
i all 337 13) 5 553 e il () 585 N 2 5 50 5 S
Gl W) e 5l 5 Adae ) ) a5 ¢ LagalS (g B0al)
)5 gl YD S LAY dylee 43y 5k o Lea HLIA) &

54 (49-68)



2022 Jgill ggila, 2 2aell,7 alaall

VRV [ PP JPPN PP P PR N - VN [PV 1 X
P R - Pui{FUIPLEN
Y dallalay 1
Cdgghadl Jua sxe N Jpadl 2
Y A S Bme dad ) Jpasll 3
( Local Minimum ) sl oY) sl i @6l 4
ez oAl e 3 adll axe

(i) cuilal); Ll

b ) e A0 e el il e
Lok 55 e ilan) s e ) o gl 5 elill Sl (i
ol ) ) TeEY) asd b damaad) ileaal 53 g ey
ol

alild) aea -1

Laxal) il ol gaaa sl Bl ) Jsn (38 S Ll aan 3
5 L i s Al B jlaias) DA (e (B _abaall 8
8 g) dedll plei) B g g BaAN) aux8d 8 g g and ) Jgag
Jalail s Jam gl 5 5 Aaadl) 5 (g (5 38T 5 (5_yalacall
el oA Jlaaiuly Leia g ileaddl 53 51 (s il
(5) dsall Al Jylaa IS8 e iyl pia g o3 Ayl
L

deanlyllagallalbéalagn Gaga Juai - alewgaoh

aSaall Jslall Jlae o 58 ) Adland) 038 Canglis ()
il e (bl 3 BV e dae STy oS Jiaiall
s 1aa (L ¢ aainall & ailise | 3S LIS o) aY) of el
fra s ¢ Sl Gl e b Talal i Lea b)Y sla
A5l 3 ikl
(Binary S48l a5l ae Jwai s (Bit) & L1
o5 s3SI e (Gene) Aad Jlaivls o s 3 ¢ Encoding)
Aal) S 13 o g ga g S 3 g0n e Uil gl Laga 585 3
o daiad ] S 135 ] @ Jaiud 0 a
o haall yi & ae Jioi: (Boundary) 2sasll 2
dad Jluiuls o 685 3) ¢ (Real Value Encoding) ges—all
35a aaia Uil 5o Ll sa i 0 0 905 SI (10 (GeNE)
Al 2 g0 (paaia 430 g Aagdy Al Jai g o gas g g SI)
- psmyas S Aalid)
sl hall i 3T ae Jexiowd ; (Uniform) ekl 3
DR a g ga g KU (40 (GeNE) dadd Jlaiiuls o683 ) ¢ asiall
Aaghy Fagill Jadi i g o gus sa s SI) 3 g0n (pa i Ll 5 i Lad g
- Gaxliuaall g8 a0 3 93s (i (K15 4900 slie
:(Termination Conditions) [7:8] i sill 5 elgm¥l: 5
ClS 1) L sy doiad) A )l Al b e il Gulia )

olia iy o5 | il b e o 355
) A il e 1) s Al i S amg Bl A0 i

%J&;J\:\iﬂ))‘};j\uﬁ}ﬂwﬁ&.qbdc uﬂUA}6YJi&J§}h

pdi ANy il < g5 daaill g J puagll il ) s (5) s Jgin

- 3 -

) cdg cdg cd g

G Sodiall | deadll | Jsasd =
00:01 08:37 08:31 08:30 1
00:06 08:42 08:37 08:36 2
00:09 08:47 08:42 08:38 3
00:13 08:53 08:47 08:40 4
00:17 08:58 08:53 08:41 5
00:20 09:03 08:58 08:43 6
00:24 09:08 09:03 08:44 7
00:28 09:13 09:08 08:45 9
00:31 09:18 09:13 08:47 10
00:35 09:23 09:18 08:48 11

e
55 (49-68)




2022 Jgill ggila, 2 2aell,7 alaall

aenlall agall 4 élan

Gaga Juai - alew ganla

00:37 09:28 09:23 08:51 12
00:41 09:33 09:28 08:52 13
00:44 09:38 09:33 08:54 14
00:47 09:42 09:38 08:55 15
00:51 09:47 09:42 08:56 16
00:55 09:52 09:47 08:57 17
00:58 09:57 09:52 08:59 18
01:02 10:02 09:57 09:00 19
01:05 10:06 10:02 09:01 20
01:09 10:11 10:06 09:02 21
01:12 10:15 10:11 09:03 22
01:16 10:20 10:15 09:04 23
01:20 10:25 10:20 09:05 24
01:24 10:30 10:25 09:06 25
01:28 10:35 10:30 09:07 26
01:31 10:40 10:35 09:09 27
01:35 10:45 10:40 09:10 28
01:39 10:50 10:45 09:11 29
01:43 10:55 10:50 09:12 30
01:46 11:00 10:55 09:14 31
01:51 11:06 11:01 09:15 32
01:55 11:11 11:06 09:16 34
01:58 11:16 11:11 09:18 35
02:01 11:20 11:16 09:19 36
02:05 11:25 11:20 09:20 37
03:08 12:30 11:25 09:22 38
02:13 11:35 11:30 09:22 39
02:17 11:40 11:35 09:23 40
02:20 11:45 11:40 09:25 41
02:22 11:50 11:45 09:28 42
02:29 12:00 11:55 09:31 43
02:33 12:05 12:00 09:32 44
02:33 12:10 12:05 09:37 45
02:35 12:15 12:10 09:40 46
02:39 12:20 12:15 09:41 47
02:41 12:25 12:20 09:44 48
02:45 12:30 12:25 09:45 49

56 (49-68)




2022 Jgill ggila, 2 2aell,7 alaall

aenlall agall 4 élan

Gaga Juai - alew ganla

02:53 12:41 12:36 09:48 51

02:57 12:46 12:41 09:49 52

02:59 12:50 12:46 09:51 53

03:01 12:55 12:50 09:54 54

HH B 01:00 12:55 09:54 55
HH B 01:05 01:00 09:56 56
HHHHEHHH 01:10 01:05 09:57 57
HHHEHHHR 01:15 01:10 09:59 58
HHHEHHHR 01:20 01:15 10:00 59
HH B 01:24 01:20 10:01 60
HH TP 01:29 01:24 10:02 61
HH TP 01:35 01:30 10:02 62
HH TP 01:40 01:35 10:03 63
HHHHHHHHH 01:45 01:40 10:05 64
HHHHHHHHHH 01:50 01:45 10:07 65
HHHHHHHHHH 01:55 01:50 10:08 66
HHHHHHHHH 02:00 01:55 10:11 67
HH TP 02:05 02:00 10:12 68
00:06 08:36 08:31 08:30 69

00:10 08:40 08:36 08:30 70

00:15 08:45 08:40 08:30 71

00:19 08:50 08:45 08:31 12

00:23 08:55 08:50 08:32 73

00:27 08:59 08:55 08:32 74

00:31 09:04 08:59 08:33 75

00:35 09:09 09:04 08:34 76

00:39 09:14 09:09 08:35 77

00:42 09:18 09:14 08:36 78

00:46 09:23 09:18 08:37 79

00:51 09:28 09:23 08:37 80

00:54 09:32 09:28 08:38 81

00:58 09:37 09:32 08:39 82

01:02 09:42 09:37 08:40 83

01:06 09:47 09:42 08:41 84
#VALUE! 09:51 09:47 8:42 85

01:13 09:56 09:51 08:43 86

01:17 10:01 09:56 08:44 87
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01:21 10:06 10:01 08:45 88
01:26 10:11 10:06 08:45 89
01:30 10:15 10:11 08:45 90
01:34 10:20 10:15 08:46 91
01:38 10:25 10:20 08:47 92
01:42 10:30 10:25 08:48 93
01:46 10:35 10:30 08:49 94
01:50 10:40 10:35 08:50 95
01:53 10:45 10:40 08:52 96
01:56 10:50 10:45 08:54 97
02:00 10:55 10:50 08:55 98
02:03 11:00 10:55 08:57 99
02:05 11:05 11:00 09:00 100
02:08 11:10 11:05 09:02 101
02:13 11:16 11:11 09:03 102
02:15 11:20 11:16 09:05 103
02:20 11:25 11:20 09:05 104
02:24 11:30 11:25 09:06 105
02:25 11:35 11:30 09:10 106
02:29 11:40 11:35 09:11 107
02:33 11:45 11:40 09:12 108
02:35 11:50 11:45 09:15 109
02:39 11:55 11:50 09:16 110
02:43 12:00 11:55 09:17 111
02:45 12:05 12:00 09:20 112
02:49 12:10 12:05 09:21 113
02:52 12:15 12:10 09:23 114
nbits 3! aac- sl Jalas)
Maxit=sample size Maximum Number of e B g Apiall e ) Al alasd uly ULl Jolas o3
Iterations plaai ) o5 3) ASAl ALl i) Ll shad 5 gl

mutrate=0.15 &) ) 5l 5 ikl

binary < s se 5 SI Jiiai-

crossover logic s23iwall crossover -
(M/M/1)(FCFS/N/o0) padiuall caall alai-

il 4 )AL Galald mai i LS & (MATLAB)
Aiall eyl sl (A Y Cada g 5 3
(100) s» (population size) gcisall ana-
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i il Al e )l sAl ARl e D 3 SU
Sy

% 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);
%actual_pop=initpop;

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

B ———————————————
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%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;

%cross over part begins
%for detail explaination cross over logic refer to the pdf attached
%logic---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
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

60 (49-68)



2022 Jgill ggila, 2 aaell, 7 alaall denhllagall b élan Gaga J4lai - alewganh

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
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

e
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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

L Al (6) Jsanll b g se sa LaSi dyall ey 531 il ey JUSEY) i Syl Ll

(M/M/1)(FCFS/70/00) JMEN) ciua Jualdi (i (6) b J g2

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

Ll (7) Jsaall b ma e s LS Al el sl Faliionall il e MUY xic

e
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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 (Lg) = 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) = 0.9602 hours
12 Average time customer spends in the queue for a busy system (Whb) = 0.9624 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

G ) allaill b bl a3 C gl hgia 5
o Aaadll e Jyanll (Aaxall e + Uaiiy)
Al 0.96

JUSEY) Con gl pall a3l gl o gia 6
Aol 0,90 A Resall e Jpuanl

JUSEY) Caa b ) iy o3l bl i gia 7
0.96 s daaall e Jyamall alaa V) Gl ) &
Aela

D YIS A s dagall @l plisall Lo o jeill

AN Al () JSS AUl AN Aadiall 4y il dpndll 1
293.3 (& plaill Jainy

e gldbal gl 4 K gl alllae lwgie 2
13 o JSS AUl b dleal gl il

e gl LY a Aol al gl aae b

wsia .3
A3=12.5 o4 s Lhan Al g dlal gl bl

g 8 Y e a bl o e 4
C13= 134 & g0 ket Al g alan )
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System Performance Summary for QA Problem (Genetic Algorithms)

From Formula System: M/M/1/70

14.0000 Customer arrival rate (lambda) per hour =
15.0000 Service rate per server (mu) per hour =
13.9925 Overall system effective arrival rate per hour =
13.9925 Overall system effective service rate per hour =

% 93.2833 Overall system utilization =

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

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

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

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

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

% 4.7168  The probability that all servers are idle (Po) =

% 95.2832 The probability an arriving customer waits (Pw) or system is busy (Pb) =
0.0005 Awverage number of customers being balked per hour =

0% Total cost of busy server per hour =

0% Total cost of idle server per hour =

0% Total cost of customer waiting per hour =

0$ Total cost of customer being served per hour =

0$ Total cost of customer being balked per hour =

0% Total queue space cost per hour =

0$  Total system cost per hour =

Caa ) sl & il 4y oMl il w5

o Rasall e Jywanll (Raral) ddaaa 4 sy
Al 0.26

DU Cim B el pall iy (o3l i gl o i
A2l 0.20 (oo 2eaall e Jpeanl

DY) CGiaa g el 4y (5301l o sie
0.23 58 de2al e Jsanll slaa ¥ i ) 3
Aela

L 5 Janll e Allle dea) dhas (5S¢ dyllaial
04,72 Al

20K Ao (g1 JSS AUaill 20K ndiall 2y giall Apnall
293.3 (& plaill Sy

e glddaal o) A Kl al gl dae o g
14 A JSS il dlal ol )

e gl SV Cha A cplal gl aae g
13 (A L s i il g el sl ol

-
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Jsaall 8 i ge LS ke j Adaal (o) 8 aldail) 8 o3l 3l e %95.3 (& Al
(S5 (8) Sle Jsanll e gl G cpdll bl aae 10

2 20 0.0005 5» Aol

AU L i 3l LAl G (8) ady Jsta

07-23-2021 Estimated probability of Cumulative probability
customer in the system
0 0.0672 0.0672
1 0.0627 0.1299
2 0.0585 0.1884
3 0.0546 0.2430
4 0.0510 0.2939
5 0.0476 0.3415
6 0.0444 0.3859
7 0.0414 0.4274
8 0.0387 0.4660
9 0.0361 0.5021
10 0.0337 0.5358
11 0.0314 0.5673
12 0.0293 0.5966
13 0.0274 0.6240
14 0.0256 0.6496
15 0.0239 0.6734
16 0.0223 0.6957
17 0.0208 0.7165
18 0.0194 0.7359
19 0.0181 0.7540
20 0.0169 0.7709
21 0.0158 0.7867
22 0.0147 0.8014
23 0.0137 0.8151
24 0.0128 0.8280
25 0.0120 0.8399
26 10.112 0.8511
27 0.0104 0.8615

e
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28 0.0097 0.8713
29 0.0091 0.8804
30 0.0085 0.8888
31 0.0079 0.8967
32 0.0074 0.9041
33 0.0069 0.9110

¢ 4 prodie deadll daae o a3 (4) IS

Pw [The prabability an arriving customer waits)

03 58
0550 \ 2939
07t g3
) 2653
) 5508
0iEn 24678
04 18
02810 \ 22919
oiem 2109
00 0959
283 ‘ ‘ \e\ 53
1 2 3 ! 5

Humber of servers

U gdia Laddl) dase Ldlaia) aladia (4) 4B JS&
g alail) )55 e O (g0 ST 23 aill 3lSLaa ¢ ya) a jad

ol ey LaS 3 gl gl Jall o i jliie ) A5 i
H(5) JEA (A malidl

Random Seed Queue Discipline

@ :lUse default random seed’ = FIFO

) Enter a seed number I LIFD

) Use spstem clock ' Random

Random seed number: 2TA3T

Simulation tme: oo |
Start collection time: o |
Quous copacit.  [ea ]
Max. number of data colloctions: [(M |

i) 45 8 g 73 gaill BlSLaall Jiay (5) pB) JS

B ———————————————
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aldall 8 SUSuY) il gl S0 g i e JSUE, Cull 8 GUl) Ciaa @l 3l JUll (9) Jsaadl 8 il ddaadle JMA (e
A8y 12 Jola Lo cld UasY) Caag A i Aad o Jaa D duiall A ) ) A1 5Kl 2ay UasY)

Aiaal) dga 3 ) 52D BlSlaall tny JUSI) Chuss gl copn (9) s Jsis

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%
1 The probability an arriving custome_zr 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

e
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