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Table(2): Simulation Table
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Fig.(7): Server Status
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Rls%:;nment {_s)alCumulative | Probability E’Tﬁ/ N between
probability (minutes)
VYo 44 v.\Yo v.\Yo 1
Yo. YY1 «.You «.\Yo 2
Yve Yoy «.Yve AR 3
ov. ¥V v v.\Yo 4
1Yo o A «.\Yo 5
Yo. Y1 Yoo Yo 6
AYo VYo «.AYo VYo 7
coe AYR Yoo ‘Yo 8
Table(3): Distribution of Time Between Arrivals
Random -Digit | g Jdlaiay) Llaiay) sl )
Assignment - : .
Cumulative i)l Probability | Service Time
- (minutes)
probability
Voo v) K !
Yo Y Y. v
T ¥ e Y. v
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Table(4):Distribution of Service Time
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Customer| R@ndom|Tune  between|~ ;ctomer| R@NdOM(Time  between
Digits Arrivals Digits Arrivals

(Minutes) (Minutes)

1 — - 11 109 1

2 913 8 12 093 1

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
8 753 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[*™* .t
Digits (Minutes)| "M€" pigits

I 84 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 tor ﬂlIE1lull1g_l"m|||r'-m

A B ¢ E F G H l
Time Since . Time Fime Customer Time Time Customer lidle Time
Last Arrival ~ Arrival Service  Waits in Quene  Service  Spends in System  of Server
tomer  {Minufes) Time (| Begins { Minutes) Ends { Minutes) (Minites)
¥ A 0 b ! 4 f 0
2 B R B 0 9 1 4
3 f 14 14 i 18 4 5
4 1 15 I8 3 2 f 0
5 8 B 13 0 25 2 2
i 3 26 26 0 30 4 |
1 8 £ 3 0 1% 3 4
8 fl 4 dl 1] 43 4 P
9 2 43 45 2 50 7 0
10 ] 46 50 1 53 7 0
1 1 4 53 " 56 9 0
12 I 4 5 ] 61 13 0
13 5 - (T il ] 63 12 0
14 b by fis 6 B 7 0
15 1 a2 6 1 7l 9 0
16 K 0 il 1 73 5 ) |
17 1 ! 13 i TR 7 ]
18 2 1 78 § El 8 0
19 4 n 8l 4 E3 6 0
0 5 LY. LR 1 B 4 0
5 124 I3

Table(7): Simulation Table for Queuing Problem

il Gadatiuly cllual) $ladls
tl\t;ﬁl._m;\}“ &4.33;3} eL_Luj\ E;LéS .J_:I.Jaﬂ QL}:}LAAY\ ua_’—i t_t_uxas 3‘9_14;.“ XY ‘ﬁj
JRLCS S P IR S DRV

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 run 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

o0

E(S) = % sp(s)
s=0
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Applying 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 a = 1 and b = 8. The mean is given by:
E(A)=a+b = 1+8 = 4.5 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 = total time customers spend in the
total number of customers system(minutes) spends in the system
(minutes)

=124 = 6.2 minutes



20
The second way of computing this same result is to realize that the

following relationship must hold:

~ N, ~ . e :
average|time average time Average time
customer spends customer spends customer spends
in service (minutes) + waiting i the = in the syste
queue (minutes) (minutesg)
- J - -
= 6.2 3.4 + 2.8 =
minutes
sgaldl)
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Single :aalg daad adia 93 dadd Cia (5 adlial) Al godat :JUa

Channel Queue

Glall dal g anall (8 gy dan )l LN e (S ALl s o) o
paaliall = 35aill 12g] o aa3 &l .one check point aals dwas aada ) 2LV
:aalul)

tlaag alaill olills cliiag @ system State HUaill Al ()

= LQ (t) represents number of customers in waiting line.

= LS (t) represents number of served (0, 1) at time t.

25 rentities <Ll (Y
SErVer daxl aie =
.customer &l o ALl .
oole) Cilyaiall Al w

s tevents Syl (Y

= Arrival (A).
= Departure (D).
= Stopping event (E), schedule to occur at time 60.
s ‘Event notice sl ddaadl (¢
= (A, t) Representing an arrival event to occur at future time t.

= (D, t) Representing departure event to occur at future time t.

= (E,60) Representing the simulation-stop event at future time 60.
2s tActivities caliall (o

= Inter arrival time (table 3).
= Service time (table 4).
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Fig.(9): Prototype system snapshot at simulation time t
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Figure . Prototype system snapshot at simulation time .
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The Event-Scheduling/Time advance gas, () +)J<s) Sl gl

Old system snapshot at time ¢
System
CLOCK State Future Event List
t (5,1,6) (3, t;)— Type 3 event to occur at time 1,

(1, t;)— Type 1 event to occur at time r,
(1, t3)— Type 1 event to occur at time t3

(2, 1,)— Type 2 event to occur at time 1,

P T ———_ e

Event-scheduling/time-advance algorithm

Step 1. Remove the event notice for the imminent event
(event 3, time #; ) from FEL
Step 2. Advance CLOCK to imminent event time
(i.e., advance CLOCK from 1 to 1, ).
Step 3. Execute imminent event: update system state,
change entity attributes, and set membership as needed.
Step 4. Generate future events (if necessary) and
place their event notices on FEL ranked by event time.
(Example: Event 4 to occur at time t*, where 1, < 1* < 13.)
y Step 5. Update cumulative statistics and counters.
New system snapshot at time 1,
- System
CLOCK State Future Event List
i 35.1.%) (1, 1;)— Type 1 event to occur at time 1,
(4, 1*)— Type 4 event to occur at time *
(1, 13)— Type 1 event to occur at time 13
(2, 1,)— Type 2 event to occur at time 1,
Figure.  Advancing simulation time and updating system image.

algorithm

Fig.(10): Advancing simulation time and updating system image
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Step 4

Generate service time s*;
schedule new departure
event at time ¢ + 5*

Arrival event
occurs at CLOCK =+

Step 3 '
] No Yes
Set LS( =1 @

Step 3

increase LQ(N
by

\; { Step 4

Generate interarrival time a*;,
scheduie next arrivai
event at time ¢ + g*

* Step 5

Collect statistics

l

Return control to
time-advance routine
to continue simulation

Fig.(11). Execution of the arrival event.
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Step 3

Set LS(n =0

No

Departure event
oceurs at CLOCK =+

Step 3

Reduce LN
by |

1 Step 4

Generate service time s*;
schedule new departure
event at time f + 5%

* 'Y Step 5

Collect statistics

:

Return contro!l to
time-advance routine
to continue simulation

Fig.(12). Execution of the departure event
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mr
gg%,'l'able 34 Simulation Table for Checkout Counter (Example 3.3)
i

Cumuldative
System State ; Statistics
Clock LQ(t) LS(t) Fumre Evemt List Conunent B MQ
0 0 1 (D.4) (A,8) (E,60) First A occurs 0 0
(a® = 8) Schedule next A
(5" = 4) Schedule first D !
4 0 0 (A.8) (E.60) First D occurs: (D. 4) 3 0
8 () 1 (D.9) (A, 14) {£.60) Second A occurs: (A, 8) 4 0 i
(a® = 0) Schedule next A !II
(s* = 1) Schedule next D I
u () 0] (A.14) (£,60) Second D occurs: (D,Y) 3 )]
14 0 I (A.15) (D.18) (E.60) Third A occurs: (A, 14) 3 g |
(5" = 1 Schedule next D
15 1 | (D.18) {A.23) (£.6()) Fourth A occurs: (A.15) 6
(Customer delayed) §
18 1) | (D,21) (A.23) (£.60) Third D oceurs: (D, 13) Y 1
t5° = 3) Schedule next D
21 0 0 (A.23) (£.60) Fourth D occurs: (D.21) 12 1

Table(9): Simulation table for checkout counter
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Interarrivals |[8/6|1/8|3|8
Servicetime [4(1/4|3|2
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o Server utilization= total server busy time (B) / total time (Tg).
o Maximum queue length MQ will be accumulated as the simulation

progresses.
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