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Al Al (e 3a) g gal il JAN G sall AS At Llaial) addll (11— 2) ad) Jyaad)

| ol

(Shaa) el ) aladia ad 288 dadiall Aulaal) cilay i) 48 pa g clilal) Jodad (il il
Liilaall e AL all ) il Ll L83 a5 ( STATGRAPHICS PLUS 4.0) Jalal
L dada :\,,ul.m;‘ Cilag 48 Bae &g @AUJ,‘S\ jaa UJ\ Gl JAL) any (Good ness of fit )

Juad] o aan g el TR 5 g JS 08 Ay gunall Aalll aa Aot pand) dasdl) 40 e 22y
&5 Juaidly ( Normal distribution) bl g il 58 Oulliia Gl gua g Cbe @B gl 38
odh Cildars 48 pa 22y 9 ( Gamma distribution) LalS aj s s (pidlile ¢ Jalia (s B gl
o e aud gl g @il ) ASul g ((Win QSB ) Rl el Ao L) o5 Glagy 530
( Win QSB) Aladt geald jult aladi

iianall A Jaalal) U] JSUSa Jal ( Win QSB) alall gel pdl aladdiuly Liald) culd
Cilbral) JUA) P (e cillaad) & gan JSUia (i (e el ) 1A Lgadlay Al JSUEAY i) (2 g
) L gl el ) B LR g ad S 00 Aaidiall Asilaaa) cilan § il 44 jpa day 4o B
b Las g 4y pllaall
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Juawdl) 3aa g

gﬁl_aaaj\ @Auﬂ\ @‘Aﬁ_mle L LA g Jea ol Baa g H ol )
52 CllTia cpad gaa g Gba B9l 2565 Juadl ¢ A2 5 ( STSTGRAPHICS  PLUS 4.0) 2Ll
O il Gpla By a5 85 ( P_value >0.10 ) ( 5.2) L sias ( Normal distribution )
sda JWa dayg, ( P_value >0.10) 5( 2.50) 2w siss ( Normal distribution) s& ¢uidliia
teb s ((2-2) a8 dsnll & ( Win QSB) Jaladl el ) ) cilidasall

Data Description ENTHRY
Humbor of servers F4
Service time dizstribution [In minuates) M ormal
Mean [u] O.2
Standard deviation [a>0] 2. o324
(Mot uzed]

Service pressure cosfficient

Interarrival tims diziribution [in minutsx) Hormal
Mean [u) 2590
Standard devialtion [x> 0] 2.530
Mot used]

Adnival discourages coslliciant

Batch [bulk] size distribution Constant
Constant valus 1

[Hot used]

Mot used]

Dueuas capacity [maximum wailting spacel] [ ]
Customesr population [ 2]
[Buzy smiver co t per minutes

Idle server cost per mirsutss

Customer waiting cozl per minubes

Customear being served cost par minutes

Cost of customer baing balked

Urut gqueus capacity cost

((2-2)a8;dsa
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05-20-2012 Performance Measure | R esult

1 System: G/G/2 From Simulation

2 Customer amival rate [lambda) per minutes = 04000

3 Service rate per server [mu] per minutes = 0.1923

4 Overall system effective armval rate per minutes = 0.3961
L Owverall system effective service rate per minutes = 03631
[ Overall system utilization = 85 6240 £
¥ Average number of customers in the system [L]) = 3007
g Average number of customers in the queue [Lq] = 1.2983
9 Average number of customers in the queue for a busy system [Lb] = 1.7315
10 Average time customer spends in the system (W] = §.7178 minutess
11 Average time customer spends in the queue [Wq) = 3.0563 minutess
12 Average time customer spends in the queue for a busy system [wWh] = 4 0763 minutess
13 The probability that all servers are idle [Po] = 37296 %
14 The probability an amiving customer waits (Pw or Ph) = 49776 ¥
15 Average number of customers being balked per minutes = 0
16 Total cost of busy server per minutes = $0
17 Total cost of idle server per minutes = $0
18 Total cost of customer waiting per minutes = 10
19 Total cost of customer being served per minutes = $0
20 Total cost of customer being balked per minutes = $0
21 Total queue space cost per minutes = $0
22 Total system cost per minutes = 10
23 Simulation time in minutes = 120.0000
24 Starting data collection time in minutes = 0
25 Humber of observations collected = 44
26 Maximum number of customers in the queue = L
27 Total simulation CPU time in second = 0.0160

(2-3)ad,dsn

D gl Jala

(G /G / C) piiiuual) zigaille

s (3) Gl L T ( Ls =3.0107) sl (B piajall 3 Jinae

o2 (1) QUG L ¢l ( Lq = 1.2983) cinall (& (o2 jall 235 Jinae

(Lb =1.7315) sl Jlddl Mo o jall 236 Jirae

(Ws = 7.7178) alalll (& (s sall dsdally o) B gll Jnae

( Wq = 3.0563) cinall (& (i pall dpaly o) CBglf Jirae

( Wb = 4.0763) alaill Jlids) e ciuall (A (o pall dnidaly M) B gl) Jarse
(% PO = 3.7296) ( pdaill G 3o | Jguas p2) Jidia 8 Ul @580 O Adlatiale
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(STSTGRAPHICS PLUS 4.0) jaladl (iluany) gealisll alidialy La Ll g cililal) gan day
(7.53112) 1w gia: ( Normal distribution ) s Galliia ol gea s (s <8 b a3 65 Juad] oof aan g
S Ol a0 aa (ol a LPRS 355 ( P_value >0.10 )y
9. ( P_value >0.10) s (shape=2.25466 scale =0.64311) ( Gamma distribution)
(2-4) a8, doaadl A (e 2 LS Win QSB) Jaladl gmalipd) L) cldal) o3a JUAy|

D ata Description ENTRY
Mumber of servers 2

Service ime distribution [in MIKHUTES] Mormal

Mean [u] FH53112
Standard dewviation [=>0] 4_ 6106

[Hot used]
Service pressure coefficient

Interarrival time distribution [in MINUTES] EGamma
Location parameter [a)

Scale parameter [b>0) o.64311
Shape parameter [c>0) 2. 25466
Arrival discourage coefficient

B atch [bulk] size distribution Constant
Constant value 1

[Hot used]

[Hot used]

Queue capacity [maximum waiting space] M
Customer population M
Busy server cost per MINUTES

Idle server cost per MINUTES

Customer waiting cost per MINUTES
Customer being served cost per MINUTES
Co=st of customer being balked

Unit queus capacity cost

(2-4)p8,dsn
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05-20-2012 Performance Measure | Reszult
1 Svstem: G/GS2 From Simulation
2 Customer arrival rate [lambda) per minutes = 0.6897
3 Service rate per server [mu] per minutes = 0.1328
4 Overall system effective amrival rate per minutes = 0.7758
L Owverall syztem effective service rate per minutes = 0.2532
[ Overall system utilization = 99,0491 £
Fi Average number of cuzstomers in the system [L] = 31.8753
8 Average number of customers in the queue [Lg] = 29.8944
9 Average number of cuzstomerz in the queue for a busy system [Lb] = 302251
10 Average time customer spends in the system W) = 48 9455 minutess
11 Average time customer spends in the queue [Waql = 41_4142 minutess
12 Average time customer gspends in the queue for a busy spstem (Wh) = 41.8724 minutess
13 The probability that all servers are idle [Po] = 0.8075 ¥
14 The probability an ammiving customer waitz [Pw or Pb] = 98 9057 £
15 Average number of customerz being balked per minutes = 1]
16 Total cost of busy server per minutes = 30
17 Total cost of idle server per minutes = $0
18 Total cost of customer waiting per minutes = 30
19 Total cost of customer being served per minutes = $0
20 Total cost of customer being balked per minutes = $0
21 Total queue space cost per minutes = 30
22 Total spstem cost per minutes = $0
23 Simulation time in minutes = 120.0000
24 Starting data collection time in minutes = 1}
25 Mumber of obzervations collected = N
26 Maximum number of customers in the queue = 62
27 Total zimulation CPU time in zecond = 0.0310

(2-5) ¢, ds
D il Jalas
(G /G / C) paiivuall gisaille
((slakl 2 ) Aasdl) adia s
s 54(32) Gl L f (Ls = 31.8753) alail) A Aasidll Al s sal) s Jinae
a4 (30) s L sl (Lg = 29.8944) cikall 3 Aaxdl) Atk s yall 235 Jinae
( Lb =30.2251) alalll Jiddl die  puda yall 335 Jirae
( Ws = 48.9455) alail) 3 (i pall (§ alucal) B 5l Jirae
( Wq = 41.4142) ciall b (lay pall 5 iaal) <8 gl Jarae
( Wb = 41.8724) adalll Qi) aie ciall & G jall (5 iuall i gl Jarae
(% PO = 0.8075) ( alaill (2 34 (5| Jgmay ae) Jshidia 4 Al () 6 (ff Adlaliale
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b giss ( Normal distribution ) s Calliia Cud gua g (ria B gl a3 il ¢ 229 (4.0
(Gamma S Olliia ¢4 e Gla Sy 23659 ( P_value >0.10 )y ( 11.212)
sl JA3 A ays .( P_value >0.10) ( Shape=9.0554) s (Scale=0.3033) distribution)
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Data Description ENTRY
Mumber of zervers 1
Service time distribution [in minutes) Hormal
Mean [u] 11.212
Standard deviation [z>0] 6.0323
[Hot used)

Service pressure coefficient

Interarnival time distribution [in minutes] Gamma
Location parameter [a]

Scale parameter [b:0] 0.3033
Shape parameter [c3>0] 9.0554
Arrival dizcourage coefficient

Batch [bulk] zize distribution Constant
Consztant value 1

[Hot used)

[Hot used)

ueue capacity [maximum waiting space] M
Cuzstomer population M

Busy server cost per minutes

Idle zerver cost per minutes

Customer waiting cost per minutes

Customer being served cozt per minutes

Cozt of customer being balked

Unit queue capacity cost

(2-6 )adydsn
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05-20-2012 Performance Meazure | Reszult
1 System: G/GN From Simulation
2 Customer arnval rate [lambda) per minutes = 0.3641
3 Service rate per server [mu) per minutes = 0.0892
4 Owerall syztem effective arrival rate per minutes = 0.3558
L Overall system effective service rate per minutes = 0.0728
6 Owerall syztem utilization = 9¥.7N3 £
i Average number of customers in the system [L] = 17.5888
] Average number of customers in the queue [Lg)] = 16.6109
9 Average number of customers in the queue for a buzy system [Lb) = 16.9861
10 Average time customer spends in the system [W] = 41.4694 minutess
11 Average time customer spends in the queue [Wq] = 292010 minutess
12 Average time customer spends in the queue for a busy system [Wh] = 29.8606 minutess
13 The probability that all zervers are idle [Po] = 22087 £
14 The probability an armving customer waits [Pw or Ph] = 9¥.7N3 £
15 Average number of customers being balked per minutes = 0
16 Total cost of buzy server per minutes = 10
17 Total cost of idle server per minutes = $0
18 Total cost of customer waiting per minutes = 10
19 Total cost of customer being served per minutes = 30
20 Total cost of cuztomer being balked per minutes = 10
21 Total queue space cost per minutes = 10
22 Total system cozt per minutes = 10
23 Simulation time in minutes = 120.0000
24 Starting data collection time in minutes = 0
25 Mumber of obzervations collected = 9
26 M aximum number of customers in the queue = M
27 Total zimulation CPU time in second = 0.0160

(2-7 )¢ dss
D kil Jalas
(G /G /1) piiual) i gaille
(b 1) 4asdd) adia 2co
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(Lb = 16.9861) alhlll Jiddl ais o yall 25 Jinae
( Ws =41.4694) pliill & (i jall (§ fluall B gl) Jirse
( Wq =29.2010) civall 3 (s sall (3 ituall < gl Jinae
( Wb =29.8606) aUiill Juiil vie Ciuall (& (i jall (§ pleuall cB gl Jinae
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Data Description ENTRY
Humber of zervers 2

Service time distribution [in minutes]) Mormal

Mean [u] 11212 =
Standard dewviation [=>0) 6.0323

[Hot used)

Service pressure coefficient

Interarmvyal time diztribution [In minutesz]) Gamma
Location parameter [a]

Scale parameter [b:0] 0.3033

Shape parameter [c>0]) 9.0554

Armrival discourage coefficient

Batch [bulk] size dizstribution Constant
Constant value 1

[Hot used)

[Hot used]

Queue capacity [maximum waiting space] M

Customer population M

Busy server cost per minutes

Idle zerver cost per minutes

Customer waiting cost per minutes

Cusztomer being zerved cost per minutes

Cost of customer being balked

Unit queue capacity cost

(2-8)ak,dsn
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05-20-2012 Performance Meazure | Reszult
1 System: G/G/2 From Simulation
2 Customer arnval rate [lambda) per minutes = 0.3641
3 Service rate per server [(mu] per minutes = 0.0892
4 Overall zyztem effective arrival rate per minutes = 0.3779
L Overall syztem effective zervice rate per minutes = 01315
b Overall system utihzation = 9P2IN 7
¥ Average number of customers in the system [L] = 7.3763
8 Average number of customers in the queue [Lg) = 5.H117
b | Average number of customers in the queue for a busy system [Lb] = 60598
10 Average ime customer spends in the system [w) = 21.0502 minutess
11 Average ime customer spends in the queue [Wq) = 9.0621 minutess
12 Average ime customer spends in the queue for a busy system [wb] = 99633 minutess
13 The probability that all servers are idle [Po] = 4. 4881 ¥
14 The probability an armriving customer waits [Pw or Ph) = 90.9542 ¢
15 Average number of customers being balked per minutes = 0
16 Total cost of busy server per minutes = $0
17 Total cost of idle server per minutes = $0
18 Total cost of customer waiting per minutes = $0
19 Total cost of customer being served per minutes = 10
20 Total cost of customer being balked per minutes = $0
21 Total queue space cost per minutes = $0
22 Total syztem cost per minutes = $0
23 Simulation time in minutes = 600000
24 Starting data collection time in minutes = 0
25 Humber of observations collected = ]
26 Maximum number of customers in the queue = 13
27 Total gimulation CPU time in second = 0.0150

(2-9)a8dsxn

dia of ¢l (12 ) 5,880 (2-9) 5 ( 2 - 7) sl saad) (e Aluaniional) iliil) P& (e

iy (W =9.0621) ) ( Wq = 29.6806) (= s pall JEIN| By Jana (B jos (alddl]

H,\hﬁbbj@ag\,ihd\ﬁé&ﬁ\hJL&\@&@MJ&ﬁWd\,M&)MﬂﬁM
A quhall 08 (e ddae ey JS¥1 k) 08 sl JAlS Qi ellisy (A0

i

Ol 129 ( STSTGRAPHICS PLUS 4.0) 8L Alaal) gealijull aladiinly W Lad) 5 Glibad) gan 2y
(18.50432) Lu sia: ( Normal distribution ) s (rlliia (sl sy Coba B gl a3 55 Junadl
( Gamma distribution) s (:fidlia (i jilda (s By 23555 ( P_value >0.10 ) o
o clbaall sda JLid daxg, ( P_value >0.10) s ( Shape=9.4609 Scale= 0.51278 )
2( 2-10) A&, ol (A e 2 LS ( Win QSB) Jalad) gl sl



743l 19 Axall Ay AalaBY) o gkl dla

3

Q - GERT .aglul olasisly olaill Jaadi
Data Description ENTRY
Mumber of zervers 1
Service time dizstribution [in minutes] MHormal
Mean [u] 18 50432
Standard dewiation [z 0] 94211
[HNot used]
Service preszure coefficient
Interarmrival time distribution [in minutes] Gamma
Location parameter [a]
Scale parameter [b>0] 0.51278
Shape parameter [c>0] 94609
Amval discourage coefficient
Batch [bulk] zize distribution Constant
Constant value 1
[Mot uzed]
[Mot uzed]
Queue capacity [maximum waiting space] |
Cuztomer population |

Busy zerver cozt per minutes

Idle zerver cozt per minutes

Customer waiting cost per minutes

Customer being zerved cost per minutes

Cozt of customer being balked

LInit queue capacity cost

(2-10) Ad)dsn
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1 System: GFG/ From Simulation
2 Customer arrival rate [lambda) per minutes = 0.2067
3 Service rate per zerver (mu] per minutes = 0.0540
4 Overall spstem effective amival rate per minutes = 02110
L] Overall spstem effective service rate per minutes = 0.0568
(] Owverall spstem utilization = 96.2640 ¥
f Average number of customers in the gystem [L) = 10,1072
8 Average number of customers in the queue [Lq] = 9.1446
9 Average number of customers in the queue for a busy system [Lb) = 9.4995
10 Average time customer spends in the system [W) = 52.8613 minutess
11 Average time customer spends in the queue [Wq] = 35.9138 minutess
12 Average time customer spends in the queue for a bugy system [Wh] = 37.3076 minutess
13 The probahility that all servers are idle [Po] = 3.7360 &
14 The probability an amving customer waits [Pw or Ph] = 96.2640 ¥
15 Average number of customers being balked per minutes = 0
16 Total cost of busy server per minutes = $0
17 Total cost of idle server per minutes = $0
18 Total cost of customer waiting per minutes = 30
19 Total cost of customer being served per minutes = $0
20 Total cost of customer being balked per minutes = $0
21 Total queue space cost per minutes = $0
22 Total system cost per minutes = $0
23 Simulation time in minutes = 120.0000
24 Starting data collection time in minutes = 0
25 Humber of observations collected = i
2b M aximum number of customers in the queue = 19
27 Total simulation CPU time in second = 0.0160

(2-11)a8,dsn
;i) Julas
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05-20-2012 Performance Measure | Result
1 System: G/GS2 From Simulation
2 Customer arrival rate [lambda) per minutes = 0.2067
3 Service rate per server [mu] per minutes = 0.0540
4 Owerall system effective arnval rate per minutes = 0.2079
L] Owerall system effective service rate per minutes = 0.1164
(] Owerall system utilization = 94 2262 ¥
¥ Average number of customers in the system [L] = 65625
8 Average number of customers in the queue [Lg) = 4 6779
9 Average number of customers in the queue for a busy system [Lb] = 5.0692
10 Average ime customer spends in the system W] = 36.8043 minutess
11 Average ime customer spends in the queue Wql = 21.7856 minutess
12 Average ime customer spends in the queue for a busy system [Wh] = 23 6077 minutess
13 The probability that all servers are idle [Po] = 3.8294 £
14 The probability an arriving customer waits [Pw or Pb] = 92.2818 ¥
15 Awverage number of customers being balked per minutes = 1]
16 Total cost of busy server per minutes = 30
17 Total cost of idle server per minutes = 30
18 Total cost of customer waiting per minutes = 10
19 Total cost of customer being served per minutes = 10
20 Total cost of customer being balked per minutes = 10
21 Total queue space cost per minutes = 10
22 Total system cost per minutes = 10
23 Simulation time in minutes = 120.0000
24 Starting data collection ime In minutes = 1]
25 Humber of observations collected = 14
26 M aximum number of customers in the gqueue = 9
27 Total simulation CPU time in second = 0.0150

(2-12)a8,Js
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Data Description EMTRY
Mumber of zervers 1
Service ime distribution [in minutes]) Mormal
Mean [u] 11.002
Standard deviation [s>0] 45002
[Hot uzed]
Service pressure coefficient
Interarmrival time diztribution [in minutes] Gamma
Location parameter [a]
Scale parameter [b>0] 0.993
Shape parameter [c>0] 8.05100
Aunival discourage coefficient
Batch [bulk] zize dizstnibution Constant
Constant value 1
[Mot uszed]
[Hot uzed]
Queue capacity [maximum waiting space] M
Customer population M

Busy server cost per minutes

Idle server cost per minutes

Customer waiting cost per minutes

Customer being served cost per minutes

Cost of customer being balked

Unit queue capacity cost

( 2-13)pd,ds
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05-20-2012 Performance Measure | Reszult

1 System: G/GH From Simulation
2 Customer arrival rate [lambda) per minutes = 0.1243
3 Service rate per server [mu] per minutes = 0.0909
4 Overall system effective arrival rate per minutes = 0.1303
] Overall system effective service rate per minutes = 0.0814
b Overall system utilization = 93.7914 ¢
7 Average number of customers in the syztem [L] = 2.7
8 Average number of customers in the queue [Lq] = 1.8322
9 Average number of customers in the queue for a busy system [Lb] = 1.9534
10 Average time customer spends in the spstem (W] = 20.2063 minutess
11 Average time customer spends in the queue [Wq] = 8.9727 minutess
12 Average time cugtomer spends in the queue for a busy system [wh] = 9 5666 minutess
13 The probability that all servers are idle [Po] = 6.2086 ¥
14 The probahility an ammiving customer waits [Pw or Ph] = 37914 1¢
15 Average number of customers being balked per minutes = 0
16 Total cost of busy server per minutes = $0
17 Total cost of idle server per minutes = 30
18 Total cost of customer waiting per minutes = $0
19 Total cost of customer being served per minutes = $0
20 Total cost of customer being balked per minutes = $0
21 Total queue space cost per minutes = $0
22 Total zystem cost per minutes = $0
23 Simulation time in minutes = 120.0000
24 Starting data collection time in minutes = ]
25 Mumber of obzervations collected = 10
26 Mazximum number of customers in the queue = h
27 Total simulation CPU time in second = 0.0160

( 2-14)p8,) ds
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iguaad
Ol 435 (STSTGRAPHICS PLUS 4.0) Jaladl (Slaal) gualipall aladiuly W L0i) 5 Glibad) aas a2y
)5 ( 12.0674) 2w sia: ( Normal distribution ) s& Clliie ¢ud g g (a8 gl a3 65 Juad]
(Gamma distribution) s— ¢fallia i il la cBg 2 igig ( P_value >0.10
( P_value >0.10)s ( Shape=3.89011 s Scale=0.94412)
:(2-15) o) Jgsadl (d Gae 2 LS ((Win QSB) Jaladl gl all ) laaall o2 JUA) 3aa

Dats Doascripbion ErT Y
Humis of sorwars 1
LDervics hime distribution In menuataes] M ormsl
Bl amanrs [na] 122 D674
Gtandarnd dewviation [&>0) E = Eby ]

T ot naxemcd])

G w o prossurs ooofFioiont

Interarriwal Bme dizstriboation [in maneakess ] [T T T
Lasazabiiers o ameslar [a)

Goals parsametsr (b 0] o_tAaa >
Sh o praar (== 03] F. 89011
Arrival disoowurages oosffiioisnt

B atc:h [bulk] xizm diztriboation Carrixtarsk
Constant walua 1

Mok wazed]

Byt wasencl)

[ nawsnaes capnaciby [meascimeam weasikirng speaces ) L]
Customesr population (=]

Husy server cost per minutes

Tollsn marwamr o=t s meirsatass

Customer wailting oost per mirnubes

Caaxtosrmmr Bmirig xeerweod ccorxt prsar rmirsaabsnx

Cost of customer boirng balkoosd

LIk qpuamuaem capaciby coxk

( 2-15) a8, dsa
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O%-20-2012 Parlormance Maasuns | Hasult
b | Hyxtem: G551 | Froom Simalaticrs
3 Customear amival rate [(lambda)] par minutes 02723
2 Service rate per server (mu] per minutes = o.og2a
A4 Dvaziall spztem allective ammival rate pen minuales - 0228
-1 Dvarall spztem affective sarvices rate per minuates = 0089
[ Ovarall system utilization = aF a910 ¥
F Average number of customens in the system (L] = 11. 7454
[] Average number of customen in the gueues [Lg] = 10.7ES4
a Avarages numbear of cuxtomars in the gueaues for & buzy system [Lh] = 109861
10 Average ime customer spends in the spstem W) = AN G269 munutess
11 Avaerage time customer spends in the gueuas Wl = 21.5493 minutess
12 Aowmrage Hme cuztomsr spendz in the guasus Tor o buaxzy spztam W h] = 2. 1958 minulaxx
13 Tha probability that all sarvars ars idles [Po] 20083 F
14 T he probability an arriving customer waits [Pw or Pb] = 9F. 0018 =
15 Avorage number of customen: being balked per minuies = L8]
16 Tosbaal czoxt of buxy xerwver peer mirnatax = %0
17 Total cost of idie server par minutas %0
18 Total cost of customer waiting per minutes = 0
19 Total coxt of customer being served per minubes = 0
20 Total coxt of cuxtomer being balked per minutexs = £0
21 Total queus space Cost per minutess £0
22 I otal system cost per minutes = 0
23 Simulation bUime in minuales = 1200000
24 Starting data col ory bime in minuatas - [1]
25 Mumber of chssrvations collected = 11
26 Maximum number of customers in the Queus = 23
27 T otal zimulation CPL time in zsecond = 0.01&0

( 2-16) a8 ds>
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(G/G /1) pediuall gl gallle

((2alg Hgw Jga ) Lardll adia 2ce
w24 (12) U L sl (Ls = 11.7454) sl (2 Laxdl) Al pcda sall 238 Jance
s (11) U L ) (L = 10.7654) cinall (o Lasdd) 4l (pda jall 235 Jinse
(Lb = 10.9861) alaill Jidl) sio oua yall 23 Jiran

( Ws = 40.6269) ahlll (& s all (§ Adesal) gl Jirse

( Wq = 31.5493) ciuall (& (i jall (§ Adusal) 8511 Jarse

( Wh = 32.1958) alall) Juuld) i chuall (A (s sall (§ Al i gll Jurao

(% PO = 2.0083) ( pdaill G 30 | Juas p2) S 1 s} &y g0 Of Allatiale
A % Pb =97.9918) ( sl ) o jall (14 235 Jguas) Jshedia pldilll (8 ¢ llainle

(Ws = 40.6269) aUaill 8 i yall JUEIN) B g Jara of Bl L) Juagil) o3 A1) guilill) Y4 (1
Al A s gl Je ( Wq = 31.5493) JLE-HN‘M“JL’AJA.“JMN‘ g Jarag
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Ll e anl g e Yy U g ALl o< Salad) galinl cild ) cililaall JLAY) a3 ddde
G g2 LS (W(q =15.7273 ) (3 ( WQ = 31.5493) (s (o pall N g Jana B (i)
S Sl alalialy b olf Chial ) N B g TS A% agag, (11) 38R B 1 Jeaad) S
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05-20-2012 Performance Measure Result
1 System: G/GS2 From Simulation
2 Customer arrival rate [lambda) per minutes = 0.2723
3 Service rate per zerver [mu] per minutes = 0.0829
4 Owverall system effective arnival rate per minutes = 0.2736
5 Owerall zystem effective service rate per minutes = 01741
b Owerall system utiization = 95 9334 ¥
F Average number of customers in the system [L]) = 64528
8 Average number of customersz in the queue [Lq) = 4 5342
9 Awverage number of customers in the queue for a busy system [Lb] = 4 8273
10 Average time customer spends in the system [wW) = 25.5011 minutess
11 Average time customer zpends in the queue [Wq) = 15.7273 minutess
12 Average time customer spends in the queue for a busy system [Wh] = 16.7442 minutess
13 The probability that all zervers are idle [Po] = 2 0602 £
14 The probability an amwving customer waits [Pw or Pb] = 93 9270
15 Average number of customers being balked per minutes = 1]
16 Total cost of busy zerver per minutes = $0
17 Total cost of idle server per minutes = 30
18 Total cost of customer waiting per minutes = $0
19 Total cost of customer being served per minutes = $0
20 Total cost of customer being balked per minutes = $0
21 Total queue zpace cost per minutes = $0
22 Total system cost per minutes = $0
23 Simulation time in minutes = 1200000
24 Starting data collection time in minutes = 1]
25 Mumber of observations collected = 21
26 M aximum number of customers in the queue = 10
27 Total simulation CPU time in second = 0.0160

(2-17) A, do

Aot el

(STSTGRAPHICS PLUS 4.0) #lall Slaal) zeald ) aladiads L L0 g clibd) aan ey
(3.4221) 2 sia; (Normal distribution) s (radeiia (pd gy Cmla €8 o a5 8 Jual o) aa g
L gias ( Normal distribution) s& ¢ufidliia ¢4 yilaa uiia <5 233 659 ( P_value >0.10 )y
( P_value >0.10) 5 ( 3.2648)
p (2 —18) &) Jsal (A (e 4 LaS (Win QSB) Rl gmalid) A cilbaaal) sda JA) 3y
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D oata Desoription EMNTHY
FMumber of servens 1
LServioe time distribution [In mirnutes ] rormal
Moan (ul EXW FES]
Etandard deviation (s> 0] 1.2402

[P ok aasmesd)
Serwices proassures coslliciont

Imterarrival Gime disicibbabion (i mireuabess) [ EST T
Pl s [aa)l 3 AR
Standard deviatiorn [==0) 1. 1223
(Rl ek aazasacd)

Arrival i AN i [ TS at

Hatch [bBulk] xize diztribuation Carruxctoursh
Corvstarst wasloams 1

Mot wuaxedd]
ot waxed]

A raman coapacity [maximum waiting spoce] [¥]
Customesr popalatiorn [ ]
Busy soarwvear cost per mirsuakes s

Tdles server cost per minutss

Customer waltting cost pear minutes
Customer being served cost por mirnnutss
Cost of customer being balked

Unit guewus capacity oost

(2-18)ad,dsx
- Al il < jeda

05-20-2012 Performance Measure | Reszult
1 System: G/GA From Simulation
2 Customer amival rate [lambda) per minutes = 0.3063
3 Service rate per server [mu) per minutes = 0.2922
4 Overall spstem effective amrival rate per minutes = 0.3226
L Overall spstem effective service rate per minutes = 0.2813
b Overall system utilization = 959969 #
i Average number of customers in the spstem [L] = 2.1063
8 Average number of customers in the queue [Lq] = 1.1453
9 Average number of customers in the queue for a busy system [Lb) = 1.1930
10 Average time customer spends in the system [W] = 6.5888 minutess
11 Average ime customer spends in the queue [wq) = 3.2986 minutess
12 Average time customer spends in the queue for a busy system [(Wh] = 3.4361 minuteszs
13 The probability that all servers are idle [Po] = 40031 ¥
14 The probability an amiving customer waits [Pw or Ph) = 959969 #
15 Average number of customers being balked per minutes = 0
16 Total cost of busy server per minutes = $0
17 Total cost of idle server per minutes = $0
18 Total cost of customer waiting per minutes = $0
19 Total cost of customer being zerved per minutes = 10
20 Total cost of customer being balked per minutes = $0
21 Total queue space cost per minutes = $0
22 Total system cost per minutes = $0
23 Simulation time in minutes = 120.0000
24 Starting data collection time in minutes = 0
25 Number of obzervations collected = 34
26 Maximum number of customers in the queue = 4
27 Total zimulation CPU time in zecond = 0.0470

( 2-19) a8, ds
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(G /G /1) paiiual) i gaille
(1) %l atia 2o
U2 54 (2) @ La gf ((Ls = 2.1053) aaill (A dasdd) Ll o jpal) 330 Jirse
s x4 (1) @ulhs bl (Lg = 1.1453) ciuall & dandl) Al s sal) 28 Janae
( Lb = 1.1930) aliill Jiddl die s jall 230 Jarae
( Ws = 6.5888) ahiill (& (i pall (3 siusall i gl) Janae
( Wq =3.2986) ciuall A (s sall (§ Alacal] CB glf Janae
( Wh =3.4361) pdalll Jiddl xio Ciuall (& Gl yall (5 fial) Clgll Jirae
(% PO = 4.0031) ( sdaill (i 3o (of Jguag ac) Jshidia & AAL) ¢ o ff Lillaiale
( % Pb =95.9969) ( adiill ) o jall (14 38 (e 9) Jshdia ol &y 685 ¢ Asllainle

3 ( Ws = 6.5888) ciuall (o uda pall SN g Jira O ) Jua 3 a3 Lgiaad 5 lill) P34 (3
AT Lkl aludY) g 4 jlEally I Ldle ol 4ad 030 9 ( W = 3.2986 )
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Evoluation of service system in the general eduction Baghdad
hospital using Q GERT

ABSTRACT

That the essential contribution of this research is a description of how
complex systems analysis service of the properties of the queue in Baghdad
Teaching Hospital using a technique network is techniques method (Q - GERT)
an acronym of the words :

Queuing theory _ Graphical Evaluation and Review Technique

Any method of assessment and review chart where you will be see the
movement flow of patients within the system and after using this portal will be
represented system in the form of planned network probabilistic analysis and
knowledge of statistical distributions appropriate for times of arrival and
departure were using the program ready (Win QSB) and simulation data
collected directly from (9) Section service-hospital time two-hour no (120)
minutes during peak time of time (12 - 10) at noon, for the purpose of data
analysis and knowledge of statistical distributions appropriate has been used
statistical program ready (STATGRAPHICS PLUS 4.0) was tested data in the
same program testing (Good ness of fit), and after analyzing the data it was
concluded that the best distribution of arrival times was normal distribution
(Normal distribution) and the best distribution for times departure was
distributed gamma (Gamma distribution) and all sections except sections of
registration and pharmacy using normal distribution of times of arrival and
departure , where system will be built on a queuing network of nodes and
branches, through which we will get to hold a wait and we process these nodes
develop solutions that lead to the solution of the constraints resulting impact of
suffocation caused by waiting .

Kay Words :Q - GERT Method - Queuing theory- Simulation- Probability .




