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Table(3): Distribution of Time Between Arrivals
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Table(4):Distribution of Service Time

J_g.-.a_g J_a_; Lj Aty h\.ﬁ:ll-u‘:lsill gL .Ll.\:u In_l.lSAJ ;_SL.A;\;H _).al-_,qaill Sr-LE P]-:.;:]_».L
Cumulative probability Sl i llaat) Glus jailasll sl ey ool

Op2sae AL =asse LS Random -Digit Assignment adlda¥lsia sas aads

.(i)_ﬁ_’\ > i



Ty Y VORIV R 6— saalall alasiuly slSlaall 5 4adaill

1 Jal

o5 Al sS Cralie 23e a2 S B e e AaS ey Yo sladdal o) aas il
ASlaal plaiiuly ol el aghy

Sads Sl Lane I Jgamgll (p0) 26N lpiall JEN1 o Ao gana I zlins 1l
Al S ay ol o ) s slasiols Gl dall pEN) £ L Sars Aesdl)
phne b (3a3laS baaad a4l Al dall AV aladinl 5l e V5 v o Le Adilsde
(Alsdie 8)) 40 Jsan (33xe) Ausadl Adlsdall QBY1 02005 Cogae Jhall 028 85 .S
Jsaall o Gesiiindll Alsial) 55V A 20a0) Jsaa (S 3 2pee 5a) ) Jaadl
PR TR FRECHRI B PO DI PIT E QL LTI T IR L BRECHRIL Y
A el alasiul LS ane Adasdle pe dgae JS BN dapb e e piila
Gyl

s

o e sl Aledall Wl Cas e e JSAeasll a5 Jgeagll e dasd:

o) O i 13y v AV G Lo g eand VT 01 LAR) 503 Jseasl) e Alls

(035 Yo IS Ul () dand o o) ) 5laad) o3 55 A b dgiendl o328 Jpeas

(6) =

(5)dsan (A ease LS (5w Yo I Aadl) (e dund &5 Guphall s

Customer Rme(‘fo.m Tune benf'een Customer R(H?(-?TO-H.? Time benf‘een
Digits Arrivals Digits Arrivals
(Minutes) (Minutes)
1 — - 11 109 1
2 913 8 12 093
3 727 6 13 607 5
4 015 1 14 738 6
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5 948 8 15 359 3
6 309 3 16 888 8
7 922 8 17 106 1

753 7 18 212 2
9 235 2 19 493 4
10 302 3 20 535 5

Table(5):Time between Arrivals determination
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Customer|Random|Service Time Random|*™  ,jome
Digits (Minutes) Customer Digits

I 34 4 11 32 3
2 10 1 12 94 5
3 74 4 13 79 4
4 53 3 14 05 1
5 17 2 15 79 5
6 79 4 16 84 4
7 91 5 17 52 3
8 67 4 18 55 3
9 89 5 19 30 2
10 38 3 20 50 3

Table(6):Service Time Generated
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10, Simulation Table for Queucing Prohlem

A B ¢ E F G H |
Time Since . Time  Time Customer  Time Time Customer  lile Time
Last Arrival  Arrival Service  Waits in Quene  Service  Spends in System  of Server
tomer __ (Minutes) Time (| Begins (Minutes) Finds (Minutes) (Mirutes)
1 - 0 0 1] 4 4 0
2 8 [} 8 0 9 1 B
3 6 1" 14 ] 18 4 5
- 1 15 18 3 21 6 0
§ 8 i) b1 0 25 2 2
o 3 % % 0 0 s 1
17 3 M M 0 M 5 4
8 7 4l 4l 0 45 4 2
9 2 8 45 2 50 7 0
10 3 46 S0 1 53 ? 0
1l 1 4 53 6 56 9 U]
12 1 4 56 8 61 13 0
13 5 S, 6l B 65 12 0
4 6 L] 6s 6 66 7 0
15 ] 0@ 66 1 7 9 0
16 . 0 n 1 ] 5 U]
17 1 n (] 1 (L 7 0
18 2 n L] $ B1 8 0
19 4 N 8l 4 83 6 g
CL] 1 86 4
e i 4 56 52 L]

Table(7): Simulation Table for Queuing Problem
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1. The average waiting time for a customer is 2.8 minutes. This is
determined in the following manner:

total time customers wait in queue (minutes)=average waiting time

total numbers of customers (minutes)
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=56 = 2.8 minutes
20
2. The probability that a customer has to wait in the queue is 0.65. This is
determined in the following manner:

Probability (wait) = number of customers who wait
total number of customers

= 13 = 0.65
20

3. The fraction of idle time of the server is 0.21. This is determined in the

following manner:

total idle time of server (minutes) = Probability of idle Server

total mun time of simulation
(minutes)
=18=0.21
86
The probability of the server being busy is the complement of 0.21. or
0.79.

4. The average service time is 3.4 minutes. determined as follows:

total service time (minutes) =Average service time (minutes)

total number of customers

= 68 = 3.4 minutes
20

This result can be compared with the expected service time by finding the mean of the
service-time distribution using the equation

E(S)= X sp(s)
s=0
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Applyving the expected-value equation to the distribution in Table (2)
gives an expected service time of:

= 1(0.10) + 2(6.20) + 3(0.30) + 4(0.25) + 5(0.10) + 6(0.05)

= 3.2 minutes

The expected service time is slightly lower than the average service time
in the simulation. The longer the simulation. the closer the average will
be to E(S).

5. The average time between arrivals is 4.3 minutes. This is determined in
the following manner:

between arrivals average time between = sum of all times
(minutes)
number of arrivals -1 arrivals (minutes)

=82 = 4.3 minutes

19
One is subtracted from the denominator because the first arrival is as-
sumed to occur at time 0. This result can be compared to the expected
time between arrivals by finding the mean of the discrete uniform dis-
tribution whose endpoints are ¢ = 1 and » = 8. The mean is given by:
E(d)=a+ b = 1+8 =45 minutes
2 2

The expected time between arrivals is slightly higher than the average
however. as the simulation becomes longer, the average value of the time

between arrivals will approach the theoretical mean. E (A).
6. The average waiting time of those who wait is 4.3 minutes. This is

mined in the following manner:—deter

total time customers wait in queue (minutes) =Average waiting time of

total number of customers who those who wait (minutes)
wait

= 56 = 4.3 minutes

13
7. The average time a customer spends in the system is 6.2 minutes. This
can be determined in two ways. First. the computation can be achieved by
the following relationship:

average time customer =  tfotal time customers spend in the
total number of customers system(minutes) spends in the system
(minutes)

=124 = 6.2 minutes
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The second way of computing this same result is to realize that the

following relationship must hold:

averag_e time _ average time Average timeﬁ\
customer spends customer spends customer spends
in service (minutes) + waiting in the = in the system
queue (minutes) (minutesg)
= 6.2 34 + =
minutes
sl

5 e ST Ga) dassie O) G0 02 ¢ 0B L aae
e S Jihaed ey Al Gad dandll avie B
Aaadll adie 3l AEISS wa SUSEY (he) A Adlse e dabey mU (e Cangll
dakaiial) alail) 5lSlacal Agcalad) asalial)
General Principle to Concept In Discrete-Event Simulation
Gakatiall alaill 518ae apa adel 8 Aeaiieall Al anliall 2505 2tk al) e 38
e Lajas Bii Y A
:Concepts in discrete-event simulation bl kil slSlae 3 aalia
3uiadl Lo y5eay anall lpaiany ae Jain s LB (e de gana system oLl 1
calaay! e dac
calaill lavis Caiay s model zisadl LY
& Al Ciad Ay pall Glaiall e Ae gena o system state okl Als LA



Ty Y VORIV R 6— o sulall alasiuly slSlaall 5 4ndail)

ol 8 5lS aal s Entity oLS) L4
AL Say Gl ailad g Attribute Slicall A
Agahie A3k 4 e CULSH (e desane & List 40l A
Al Alla iy 58 s Gnt Alls oy Event sl .9
e sale geiags Saall Jaw 45 Event Notice sl ddaadl A
.(event type, event time) dyisjll 4355 sl
Slaa¥ly Aldiaa) Slaa¥l A6 a5 Event  List Slaal) 4l R
Y Al and AailE JS5 b i e by o e Ciiig Crgand) A0
.Future Event List (FEL)4ldudll
82aa (ol (e die g . Cpae Jae Sl dall 3yl e Activity LLadl Y
Aadll (ads Jsmastl (o) Jie daladl Sie apais Jshall
Jshll sase e 358 s Delay aaldl Y
S8l ey Jrar e a5 Clock dsludl ) £
List 4alall Sia 4Ll aalaall jeid ddlise Glallaias 38wl pja Gang a0aius
.chain 4luls §l Queune —as l Set 4o sans piadl (aany & e
First In First Out (FIFO) :Jie 5228 2ol o Ladla l_..UJ Al b Ul anp ow
bl ) &l Y1 Jie LS (e dday 5 ) Last In First Out (LIFO)
event Time Guall ey s e Laib u_u_y FEL il Silaall 40l =

-Event Notice sl ddaadla 4 Jadll



Ty Y VORIV R 6— o sulall alasiuly slSlaall 5 4ndail)

sie Led (o)A i) Andlaa 51 5l Jsmasll (e ieddll fpe) Jias Activity Llaill; =
Grb 52m 223 o S Ll 3245 .modeler zigaill auialy auls 48)na dia)

s O OSas

e

LnlEa o Laly )68 Y deterministic 32asa .
g glaie Adlaal (m (Slsde a8 Jha statistical dflasl .0
A Jreadll e Jlie GLSI Glia (5f 5)) aladll Shaia e adias dla 7
Aol 3 oS Jrenill Jaeas Auid) U gesl A8
LLalls conditional wait dapall USSYL (el pas 4 e delay aalill
Gas ea activity bl JWsl .unconditional wait dapall e SUSSY! e
Gaaldl ddaadle Plaly las primary event Sl Gaall e L_ﬁLrL 5 .event
.FEL _3 event notice
associated entity el LS Pl Loy jlay 5ald) o) s uSall ey w
i plaV! pany 8 e palill Jlas)y . UsY) Caa gl g)al Al S
Aauls Jia Y Sasyl s2a 81 secondary event iU Cas 4l conditional
.FEL & 1Y event notice
GIA Aia) 3% LA s Ll e o3ay ASjate Taliil o U bl ) Aalayly o
Lerses Lo ualilly cillalaally Adaill GULSH e 230 LS Ciliia s aUaill Alls
‘el e B8 BS



