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Question #1: Simulations Modeling

Consider a bank with multiple number of servers. The manager is receiving many complains about
the long waiting time in line. He decided to hire a simulation analyst to model this system and give
his suggestions. The following steps and processes are done to model the system. To model the
system the Analyst executed the following processes:

1.

A A - S

I

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

checking if the system and the problem is understood correctly.

Building the functions and logic between the behavior of customers in line.
Gathering a sample of service time of each customer.

Writing the functions and relations in Arena

Writing the mathematical relations logic on Excel.

Checking if the Arena program computes and give numbers when it runs

Discovering that the results give departure value of 3rd arrival less than the departure
time of the 2nd arrival.

Determining the parameters needed for the model.
Reviewing the data in the e-system of the bank
Collecting a sample of the arrival time of each arrival.

The output results of the simulation model match exactly the behavior of the customers in
the system.

Determining if the manager of the system wants to increase the efficiency and quality of
service or to reduce cost.

Determining the time that will be required, personnel that will be used, hardware and
software requirements.

Based on the analysis of runs that have been completed, the simulation analyst
determines if additional runs are needed and if any additional scenarios need to be
simulated.

The result of all the analysis written in a report that is clear to help enable the
management to review the final formulation and the alternatives.

The simulation analyst acts as a reporter to present the best solution and how it will affect
the performance of the system.

meeting with the manager, the servers and the customers to fully understand the system
and its details

Deciding the arrival pattern of the customers to the bank and choosing the distribution of
the service time.

Experimenting with simulation model by trying different scenarios in the simulation
model and choosing the best one.
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20. Doing a long production runs for the best alternative and do data analysis to estimate
final measures of performance for the scenarios that are being simulated.

Put the number of the processes above in the correct stage in simulation modeling methodology.
The number of the process should appear one time only.

Stages of Simulation Model The Process/Procedure Number

Problem formulation

Setting objectives and overall plan

Model conceptualization

Data collection

Model translation

Verifying the Simulation Code

Validating the Simulation model

Experimental design

S S I S N L o B A

Production runs and analysis

—_
(=)

| Performing More runs

—_
—_

| Documentation and reporting

—_
N

| Implementation
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Question #2: . .
. : . . : y<
Consider the continuous random Y with the following pdf: 0.2y, 0<y<l
a) Write the cumulative distribution function of f, () fr() =< 0.1+ 0.1y, l<y<2
and compute the expected value of Y? 0.25+0.025y, 2<y<4
0, v >4

b) Write the Inverse transform for f, (y)?
c) Write the algorithm for generating 10 random numbers from f;, ().

d) LetY be the time (in hourse) for surgery in an Operations Room (OR) in K.A.N Hospital. The
hospital has one Operations Room. Patients are transferred to the OR according to a
Poisson Process with average time between arrivals equals to 5 hours. The operations
Room work 24 hours per day. Define the simulation model for the OR and apply it for 5
patients. Use the following U[0,1] numbers as needed. Starting simulations time is zero.

Move by
rows—  0.744 0.443 0.820 0.166

0.256 0.542 0.844 0.936
0.744 0.444 0.017 0.967
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Question #3:
The period of time (in months) between rainfalls in Abha city is modeled using the following pdf:

f(x)=1.06e7x ;0 1<x<4
Where random variable X is time between rainfalls in months.

a) Write the inverse transform for measuring the time between rainfalls.

b) Simulate the next 4 rainfalls (in months) in Abha city.

c) If the we want to simulate the rainfall that is at least two months from now. Write the
inverse transform and give two simulated values.

d) Write the algorithm for applying Acceptance/Rejection method for the pdf f{x).

e) Using the following U[0,1] as needed, generate three random numbers from f{x) using the
acceptance/rejection method. Move by

rows —»  0.744 0.443 0.820 0.166
0.256 0.542 0.844 0.936
0.744 0.444 0.017 0.967
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Question #4:

Consider an escaped prisoner who entered in a maze. The maze contains 8 chambers. If the
prisoner enters any chamber he is equally likely to choose any door in the chamber (including the
door he entered through). The prisoner has no time to waste, he has only 5 moves to escape out
starting from chamber 0 before he gets caught up and put back into the prison.

6 7 8 > 9 Escape

1 | 1 1
0 l 1 4 2

=r |

a) Write the algorithm for generating the moves of the prisoner.

b) Using your answer in (a), Simulate the path of the prisoner for 5 attempts in the following
table

Move-1 Move-2 Move-3 Move-4 Move-5 Move-6

Attept#1 0.3328 0.7665 0.9796 0.1070 0.1514 0.6884

Chambers

e ) ) B |
Attept#2 0.8479 0.1445 0.0851 0.3078 0.5483 0.9579

Chambers

e ] ) |
Attept#3 0.7371 0.4837 0.3936 0.1464 0.9872 0.1820

Chambers

c) From the simulation results in part (b), what is the estimate for probability of escape.
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Question #5:

Airplanes land on a small airport according to Poisson process with rate 5 airplanes per day. Also, the

airplanes depart from the same airport at rate 4 air planes per day according to a Poisson process. Assume
that the airport works 18 hours.
1. Give arandom number for total number of air planes landed in the airport on one working day using
the following U[0,1] numbers as needed. (Answer on the back of the page)
n 1 2 3 4 5 6 7 8 9 10
Un(0,1) | 0.171 | 0.023 | 0.879 | 0.305 | 0.696 | 0.415 | 0.721 | 0.901 | 0.344 | 0.051

2. Give arandom generation for the time of the last airplane departed from the airport on one day
using the following U[0,1] numbers as needed.
n 1 2 3 4 5 6 7 8 9 10

Un(0,1) | 0815 | 0.636 | 0.563 | 0.923 | 0.295 | 0.605 | 0.971 | 0.023 | 0.879 | 0.305

3. According to Poisson process the percentage of departing airplanes from the airportis 44.5%. Make
a discrete event simulation run of the airport for 12 hours. Write the simulation algorithm for this
system and use it with the following U[0,1] as needed. (Answer on the back of the page)

Event | U[0,1] U[0,1] U[0,1] Uu[0,1]
L | 0248 0.817 0.132 0.214
2 | 0968 0.465 0.668 0.482
4 | 0876 0.860 0.694 0.732
5 | 0639 0.002 0.546 0.695
6 | 0035 0.243 0.321 0.328
7 | 0174 0.416 0.923 0.455
8 | 0439 0.280 0.432 0.255
9 | 0815 0.522 0.104 0.377
101 0.199 0.479 0.963 0.420
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Question #1: Simulations Modeling

Consider a bank with multiple number of servers. The manager is receiving many complains about
the long waiting time in line. He decided to hire a simulation analyst to model this system and give
his suggestions. The following steps and processes are done to model the system. To model the
system the Analyst executed the following processes:

1.

N o 1k W

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

checking if the system and the problem is understood correctly.

Building the functions and logic between the behavior of customers in line.
Gathering a sample of service time of each customer.

Writing the functions and relations in Arena

Writing the mathematical relations logic on Excel.

Checking if the Arena program computes and give numbers when it runs

Discovering that the results give departure value of 3rd arrival less than the departure
time of the 2nd arrival.

Determining the parameters needed for the model.
Reviewing the data in the e-system of the bank
Collecting a sample of the arrival time of each arrival.

The output results of the simulation model match exactly the behavior of the customers in
the system.

Determining if the manager of the system wants to increase the efficiency and quality of
service or to reduce cost.

Determining the time that will be required, personnel that will be used, hardware and
software requirements.

Based on the analysis of runs that have been completed, the simulation analyst
determines if additional runs are needed and if any additional scenarios need to be
simulated.

The result of all the analysis written in a report that is clear to help enable the
management to review the final formulation and the alternatives.

The simulation analyst acts as a reporter to present the best solution and how it will affect
the performance of the system.

meeting with the manager, the servers and the customers to fully understand the system
and its details

Deciding the arrival pattern of the customers to the bank and choosing the distribution of
the service time.

Experimenting with simulation model by trying different scenarios in the simulation
model and choosing the best one.

Doing a long production runs for the best alternative and do data analysis to estimate
final measures of performance for the scenarios that are being simulated.
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Put the number of the processes above in the correct stage in simulation modeling methodology.
The number of the process should appear one time only.

Stages of Simulation Model The Process/Procedure Number
1.| Problem formulation 1,17
2.| Setting objectives and overall plan 12, 13
3.| Model conceptualization 2, 8,18
4.| Data collection 3,9, 10
5.| Model translation 4,5
6.| Verifying the Simulation Code 6,
7.| Validating the Simulation model 7,11
8.| Experimental design 19
9.| Production runs and analysis 20
10 Performing More runs 14
11, Documentation and reporting 15
12| Implementation 16
Question #2: 0 y<0
Consider the continuous random Y with the following pdf: 0.2y, 0<y<l
a) Write the cumulative distribution function of fr() =< 0.1 +0.1y, l<y<2
fy(¥) and compute the expected value of Y? 0.25+0.025y, 2<y<4

b) Write the Inverse transform for f;, (y)? 0. y >4

c) Write the algorithm for generating 10 random numbers from f; (y).

d) LetY be the time (in hourse) for surgery in an Operations Room (OR) in K.A.N Hospital. The
hospital has one Operations Room. Patients are transferred to the OR according to a
Poisson Process with average time between arrivals equals to 5 hours. The operations
Room work 24 hours per day. Define the simulation model for the OR and apply it for 5
patients. Use the following U[0,1] numbers as needed. Starting simulations time is zero.

Move by
rows —  0.744 0.443 0.820 0.166

0.256 0.542 0.844 0.936
0.744 0.444 0.017 0.967
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() The algorithm (d) The Simulation Model:
1. LetN=1
2. Getu~UJ[0,1] Random Process #1: Patient Arrival AT(n)
3. If 0<u<0.1Then Let T(n) time between patients

. y=(10u0s T(n) ~Exp (1/5) = T(n) = -5 In(1-w) ; w ~U[0,1]

4, 1If 0.1 <u<0.35Then
o y=-1+(2+20u)%5
5. If 0.35<u<1Then Random Process #2: Y(n) is the operation duration for
e y=-10+(116+80 u)o5 patient (n)
6. LetN=N+1
7. IfN <10.Then GO TO Step 2
e Else, STOP simulation

AT(n) = AT(n-1) + T(n)

Patient | u~U[0,1] T(n) AT(n) u~U[0,1] | Y1 | Operation | Leave OR

4 (hr) (hr) Time Y (hr)

1 0.744 6.82 6.82 0.443 3 2.06 9.12

2 0.820 8.5 15.39 0.166 2 1.31 16.70

3 0.256 1.48 16.87 0.542 3 2.62 19.49

4 0.844 9.29 26.15 0.936 3 3.82 29.97

5 0.744 6.81 32.97 0.444 3 2.31 35.28
Question #3:
The period of time (in months) between rainfalls in Abha city is modeled using the following pdf:

fG)=106e7 ; 1<x<4

Where random variable X is time between rainfalls in months.
a) Write the inverse transform for measuring the time between rainfalls.
b) Simulate the next 4 rainfalls (in months) in Abha city.
c) If the we want to simulate the rainfall that is at least two months from now. Write the
inverse transform and give two simulated values.
d) Write the algorithm for applying Acceptance/Rejection method for the pdf f(x).
e) Using the following U[0,1] as needed, generate three random numbers from f{x) using the

acceptance/rejection method.
P /rej Move by

rows —»  0.744 0.443 0.820 0.166
0.256 0.542 0.844 0.936
0.744 0.444 0.017 0.967
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(a) Inverse transform between rainfalls (months)

CDF = 2(1.06)(e7 —e2) > F1=X(u)=-21In(e7 —

u
2(1.06))
(b) Simulate the next 4 rainfalls in Abha city: rainfall #n time RFT(n) = RFT(n-1) +X(n)

(c) LetY =the rainfall that is at least two months from now.

u~U X(n) RFT(n) Then:
Rain #1 | 0.744 2.7 2.7 Y(u) = F1(F(2) + [F(4) — F(2)]w)
Rain #2 | 0.443 1.8 4.6 = F71(0.506 + [0.494]u)
Rain #3 | 0.820 3.0 7.6 letu=0.542 -  Y(0.542)
Rain #4 | 0.166 1.3 8.9 = F~1(0.506 + [0.494](0.542))
= 2.841 months
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Question #4:

Consider an escaped prisoner who entered in a maze. The maze contains 8 chambers. If the

prisoner enters any chamber he is equally likely to choose any door in the chamber (including the

door he entered through). The prisoner has no time to waste, he has only 5 moves to escape out
starting from chamber 0 before he gets caught up and put back into the prison.

-~ 9 Escape

a) Write the algorithm for generating the prisoner moves

The algorithm
1. If Chamber# = 0 then

Getu ~U[0,1]
Ifu<0.5 Then Chamber# =1
Else, Chamber# = 3

2. If Chamber# =1 then

Getu ~U[0,1]

If u<0.33 Then Chamber# = 2
Else, u < 0.66 Then Chamber# = 4
Else, Chamber# =0

3. If Chamber# = 2 then

Getu ~U[0,1]
Ifu<0.5 Then Chamber# =5
Else, Chamber# =1

4. If Chamber# = 3 then

Getu ~UJ[0,1]

If u<0.33 Then Chamber# =0
Else, u £ 0.66 Then Chamber# = 4
Else, Chamber# =6

. If Chamber# = 4 then

e Getu~UJ[0,1]

e [fu<0.25Then Chamber# =1

e Else,u<0.5Then Chamber# =5
e Else,u<0.75 Then Chamber# =7
e Else, Chamber# =3

. If Chamber# =5 then

e Getu~UJ[0,1]

e [fu<0.33 Then Chamber# =2

e Else,u<0.66 Then Chamber# =8
e Else, Chamber# =4

. If Chamber# = 6 then

e Getu~UJ[0,1]
e Ifu<0.5Then Chamber# =3
e Else, Chamber# =7

. If Chamber# = 7 then

e Getu~UJ[0,1]

e [fu<0.33 Then Chamber# =8

e Else,u<0.66 Then Chamber# =4
e Else, Chamber# =6

. If Chamber# = 8 then

e Getu~UJ[0,1]

e [fu<0.33 Then Chamber# =9

e Else,u<0.66 Then Chamber# =5
e Else, Chamber# =7
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b) Using your answer in (a), Simulate the path of the prisoner for 5 attempts in the following

table
Move-1 Move-2 Move-3 Move-4 Move-5 Move-6
Attept#1 0.3328 0.7665 0.9796 0.1070 0.1514 0.6884
Chambers 1 0 3 0 1 4
Attept#2 0.8479 0.1445 0.0851 0.3078 0.5483 0.9579
Chambers 3 0 1 2 5 4
e |
Attept#3 0.7371 0.4837 0.3936 0.1464 0.9872 0.1820
Chambers 3 4 5 2 1 2

c) From the simulation results in part (b), what is the estimate for probability of escape.
Simulated probability of escape = (# of escapes)/(# of attempts) =0/3 =0
Question #5:

Airplanes land on a small airport according to Poisson process with rate 5 airplanes per day. Also, the

airplanes depart from the same airport at rate 4 air planes per day according to a Poisson process. Assume

that the airport works 18 hours.

1. Give arandom number for total number of air planes landed in the airport on one working day using
the following U[O 1] numbers as needed. (Answer on the back of the page)

L= 1 T ed LI

n 1 2 3 4 5 |6 | 7 8 9 10
U.(0,1) | 0171 | 0.023 | 0.879 | 0.305 | 0.696 | 0.415 | 0.721 | 0.901 | 0.344 | 0.051
Ty

0.675 | 0.084 | 7.603 | 1310 | 4.287 | 1.930 | 459 | 8325 | 1.518 | 0.188

0.675| 0.759 | 8.362| 9.672 | 13.958 | 15.889 | 20.484 | 28.810 | 30.327 | 30.516
Let T: time between landing alrplanes => Ty~Exp(A1=5 plan/day) => T1~Exp(3\1—0 278 plan/whr)
Ti=-18/5 In(1-u1) o : :
Total number of landmg airplanes = 6

LT(D)

2. Give arandom generation for the time of the last airplane departed from the airport on one day
using the following U[0,1] numbers as needed.

N 1 2 | 3 4 5 6 7 8 9 10
Un(0,1) | 0815 | 0.636 | 0.563 | 0.923 | 0.295 | 0.605 | 0.971 | 0.023 | 0.879 | 0.305
T;

7.593 | 4.548 3.;125 11.538 | 1.573| 4.180[ 15.932| 0.105| 9.504 | 1.637

7.593 | 12.141 | 15.866 | 27.404 | 28.977 | 33.157 | 49.089 | 49.194 | 58.698 | 60.335
Let T: time between departing airplanes => T2~Exp(A.z 4 plan/day) => T2~Exp(7nz 0.222 plan/whr)
Ty = —18/4 In(l-u) = ‘ o I
Tlme of the last airplane to departis= L '

DT(i)
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3. According to Poisson process the percentage of departing airplanes from the airportis 44.5%. Make
a discrete event simulation run of the airport for 12 hours. Write the simulation algorithm for this
system and use it with the following U[0,1] as needed. (Answer on the back of the page)

Algorithm:
1. LetClock Time=0
2. Getu~U[0,1]
e Ifu<0.445 Then “Airplane Departing” and Go to Step 3
e Else, “Airplane Arriving” and Go To Step 4
3. If “Airplane Departing” then
e Getu~UJ[0,1]
e Compute next event time by T2(i)
e Update Clock Time:
Clock Time = Clock Time + T2(i)
4. If “Airplane Arriving” then
e Getu~U[0,1]
e Compute next event time by T1(i)
e Update Clock Time:
Clock Time = Clock Time + T1(i)

_Event'| U[0,1] -.I:and/ne'p‘ U[oA] | LT/DT | Clock o] | uod
SR B R e | owme | | 1
1| o2eg | DeParting] 17 | L0 | g, |0a32 0.214
2 | oges | Landing | o465 | o | ggo | 0668 0.482
4 | 0876 ';Lan.dil}g';; 0.860 | 7,08 -16'9_7'_ 0.694 0.732
5 | o630 | Landing | g0y | | oo | 0546 0.695
6 | oo3s |Departing| gp03 | o | o . 0321 0.328
7| oaza |Departing| g1 | | 0o | 0923 0.455
8 | 0439 |Departing) a0 | | 0 | 545 [0.432 0.255
9 | os1s | Landing | o555 | oo | L, 00 |0.104 0.377
10| o199 |Departing} ¢ 479 203 | 2772 |0.963 0.420
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