
SYSTEM MODELING AND SIMULATION(15CS834)

SOLUTIONS : VTU JUNE 2019

1.a) Simulation is the imitation of the real world or system over time

Four phases according to Figure 1.3
 First phase : a period of discovery or orientation

(step 1, step2)

 Second phase : a model building and data collection
(step 3, step 4, step 5, step 6, step 7)

 Third phase : running the model
(step 8, step 9, step 10)

 Fourth phase : an implementation
(step 11, step 12)



1.b)
Inter-Arrival
time

Probability Cumulative
Probability

Random No
Assessment

1 0.25 0.25 1-25

2 0.40 0.65 26-65

3 0.20 0.85 66-85

4 0.15 1.00 86-00

ST of
Able

Probability Cumulative
Probability

Random
No
Assessment

ST of
Baker

Probability Cumulative
Probability

Random
No
Assessment

2 0.30 0.30 1-30 3 0.35 0.35 1-35

3 0.28 0.58 31-58 4 0.25 0.60 36-60

4 0.25 0.87 59-87 5 0.20 0.80 61-80

5 0.17 1.00 88-00 6 0.20 1.00 81-100

Caller
ID

IAT AT
Server

Choosen
ST

Time
Service
Begins

Time Service
Ends Caller

Delay

Time
customer
Spend in
system

Able Baker

1 - 0 Able 5 0 5 - 0 5
2 2 2 Baker 3 2 - 5 0 3

3
4

6 Able 3 6 9 -
0

3

4 4 10 Able 5 10 15 - 0 5
5 2 12 Baker 6 12 - 18 0 6
6 2 14 Able 3 15 18 - 1 4
7 3 17 Able 2 18 20 - 1 3
8 3 20 Able 4 20 24 - 0 4
9 3 23 Baker 4 23 - 27 0 4

10 1 24 Able 3 24 27 - 0 3
Total 24 2 40

 For finding the following times – 1 Mark

Avg IAT = 24/9
Avg ST of able = 118/10



Avg ST of baker = 50/10

2.a. Components of Discrete event simulation

1. System: A collection of entities (e.g., people and machines) that together over time to
accomplish one or more goals.

2. Model: An abstract representation of a system, usually containing structural, logical, or
mathematical relationships which describe a system in terms of state, entities and their
attributes, sets, processes, events, activities, and delays.

3. System state: A collection of variables that contain all the information necessary to
describe the system at any time.

4. Entity: Any object or component in the system which requires explicit representation in
the model (e.g., a server, a customer, a machine).

5. Attributes: The properties of a given entity (e.g., the priority of a v customer, the routing
of a job through a job shop).

6. List: A collection of (permanently or temporarily) associated entities ordered in some
logical fashion (such as all customers currently in a waiting line, ordered by first come,
first served, or by priority).

7. Event: An instantaneous occurrence that changes the state of a system as an arrival of a
new customer).

8. Event notice: A record of an event to occur at the current or some future time, along with
any associated data necessary to execute the event; at a minimum, the record includes the
event type and the event time.

9. Event list: A list of event notices for future events, ordered by time of occurrence; also
known as the future event list (FEL).

10. Activity: A duration of time of specified length (e.g., a service time or arrival time),
which is known when it begins (although it may be defined in terms of a statistical
distribution).

11. Delay: A duration of time of unspecified indefinite length, which is not known until it
ends (e.g., a customer's delay in a last-in, first-out waiting line which, when it begins,
depends on future arrivals).

12. Clock: A variable representing simulated time.

2.b) C1-AT:0, DT-5
C2-AT:4,DT-8
C3-AT:9,DT-13
C4-AT-11,DT-19
C5-AT:19,DT-21
C6-AT:22,DT-29

Clock System State Future Event List Comments Cumulative Statistics
LQ(t) LS(t) B MQ

0 0 1 (A,4)(D,5)(E,30) 1st Customer arrived 0 0
4 1 1 (D,5)(A,9)(E,30) 2nd Customer arrived 4 1
5 0 1 (D,8)(A,9)(E,30) 1st Customer departured 5 1
8 0 0 (A,9)(E,30) 2nd Customer Departured 8 1
9 0 1 (A,11)(D,13)(E,30) 8 1

11 1 1 (A,19)(D,13)(E,30) 4th Customer Arrived 10 1
13 0 1 (D,19)(A,19)(E,30) 3rd Customer Departured 12 1

19 0 1 (D,21)(A,22)(E,30)
4th Customer Departured
5th Customer Arrived

18 1

21 0 0 (A,22)(D,29)(E,30) 5th Customer Departured 20 1



22 0 1 (A,29)(D,29)(E,30) 6th Customer arrived 20 1

29 0 1 (E,30)
6th Customer Departured
End of simulation time

27 1

3.a) Explain the following distributions.

i) Binomial distribution ii) Uniform distribution

i)Binomial Distribution

The no of successes in n Bernoulli trials is said to follow binomial distribution.

P(x) = (n) px qn-x for x=0,1,2,….n

Mean: E(x) = np

Variance : V(x) = npq

ii)Uniform Distribution

In probability theory and statistics, the continuous uniform distribution or rectangular distribution is
a family of symmetric probability distributions such that for each member of the family, all intervals of
the same length on the distribution's support are equally probable. The support is defined by the two
parameters, a and b, which are its minimum and maximum values.

Pdf : f(x) = 1/b-a , a<x<b

Cdf : F(x) = x-a/b-a , a<x<b

Mean: E(x) = a+b/2

Variance: v(x) = (b-a)²/12

4.a) List and explain the characteristics of queuing system. Briefly explain queuing
notations.









5.a) Sol: The sequence of Xi and subsequent Ri values is computed as follows:
X0 = 27

 X1 = (a.X0+c) mod m  = (17.27 + 43) mod 100 = 502 mod 100 = 2

 R1=X1/m = 2⁄100=0. 02
 X2 = (17 • 2 + 43) mod 100 = 77 mod 100 = 77

 R2=77 ⁄100=0. 77
 X3 = (17•77+ 43) mod 100 = 1352 mod 100 = 52

 R3=52 ⁄100=0. 52
Finding the Period :

1. For m a power of 2, say m =2b and c ≠ 0, the longest possible period is P = m = 2b,
which is achieved provided that c is relatively prime to m (that is, the greatest common
factor of c and m i s l ), and =a = l+4k, where k is an integer.

2. For m a power of 2, say m =2b and c = 0, the longest possible period is P = m⁄4 = 2b-2,
which is achieved provided that the seed X0 is odd and the multiplier ,a, is given by
a=3+8K , for some k=0,1..

3. For m a prime number and c=0, the longest possible period is P=m-1, which is achieved
provided that the multiplier , a, has the property that the smallest integer k such that a k -
1is divisible by m is k= m-1.

5.b.)

Rank the data from smallest to largest.Finding the Ri

o i.e. Ri 0.11    0.54 0.68    0.73    0.98
Finding the D+ and D- values
o i.e. D+= i/N-Ri = 0.09



o D- = Ri-(i-1)/N = 0.34
Finding D value
o i.e. D = max(D+,D-) = 0.34
Justification of the data accept or reject
o i.e. The tabular value Dα,n= 0.565.Since D < Dα i.e 0.34 < 0.565 the sequence

of numbers given are accepted.
6.a)

6.b.) i.e. 1. Set n=0,p=1.

2. R1=0.4357,P=1*0.4357 = 0.4357
3. Since P=0.4357 < e-0.2 = 0.8187, accept N=0

Steps 1-3.(R1=0.4146 leads to N=0),accept N=0
o 1.Set n=0,P=1
o 2. R1=0.8353,P=1*0.8353=0.8353
o 3.Since 0.8353 >0.8187,reject n=0 and return to step 2 with n=1
o Step 2. R2= 0.9952,P=R1R2=0.8353*0.9952 = 0.8313
o 3.Since 0.8313 > 0.8187,reject n=1 and return to step 2 with n=2
o Step 2. R3=0.8004,P=R1R2R3 = 0.8313 * 0.8004 = 0.6654
o 3. Since 0.6654 < 0.8187 accept N=2.
o The three Poisson Variates are 0.4357, 0.4146, 0.6654

7.a)



7.b). Explain Chi–square goodness of fit test. Apply it to Poisson  assumption with α=3.64.Data size=100

and  observed  frequency Oi=12,10,19,17,10,8,7,5,5,3,3,1.Consider tabular value as 11.1.

Sol: For Poisson distribution P(x) = e-ααx / x! for x=0,1,2,…..

Compute P(0),P(1),P(2),……P(11) as follows

P(0)= e-3.64(3.64)0 / 0! = 0.026

P(1)= e-3.64(3.64)1 / 1! = 0.096

P(2)= e-3.64(3.64)2 / 2! = 0.174

P(3)= e-3.64(3.64)3 / 3! = 0.211

……till P(11) as follows





8.a)



8.b)



9.b)





10.a)



The first step in model building consists of observing the real system and the interactions among
their various components and of collecting data on their behavior. But observation alone seldom
yields sufficient understanding of system behavior. Persons familiar with the system, or any
subsystem, should be questioned to take advantage of their special knowledge. Operators,
technicians, repair and maintenance personnel, engineers, supervisors, and managers understand
certain aspects of the system that might be unfamiliar to others. As model development proceeds,
new questions may arise and the model developers will return to this step of learning true system
structure and behavior.

The second step in model building is the construction of a conceptual model-a collection of
assumptions about the components and the structure of the system, plus hypotheses about the
values of model input parameters. As is illustrated by Figure, conceptual validation is the
comparison of the real system to the conceptual model.

The third step is the implementation of an operational model, usually by using simulation
software and incorporating the assumptions of the conceptual model into the worldview and
concepts of the simulation software. In actuality, model building is not a linear process with
three steps. Instead; the model builder will return to each of these steps many times while
building, verifying, and validating the model.

The above figure, depicts the ongoing model building process, in which the need for· verification
and validation causes continual comparison of the real system to the conceptual model and to the
operational model and induces repeated modification of the model to improve its accuracy.

10.b)Naylor and Finger formulated a three step approach which has been widely followed:-

1. Build a model that has high face validity.

2. Validate model assumptions.

3. Compare the model input-output transformations to corresponding input-output
transformations for the real system.

1. Face Validity

• The first goal of the simulation modeler is to construct a model that appears reasonable on its
face to model users and others who are knowledgeable about the real system being simulated.

The first step in model building consists of observing the real system and the interactions among
their various components and of collecting data on their behavior. But observation alone seldom
yields sufficient understanding of system behavior. Persons familiar with the system, or any
subsystem, should be questioned to take advantage of their special knowledge. Operators,
technicians, repair and maintenance personnel, engineers, supervisors, and managers understand
certain aspects of the system that might be unfamiliar to others. As model development proceeds,
new questions may arise and the model developers will return to this step of learning true system
structure and behavior.

The second step in model building is the construction of a conceptual model-a collection of
assumptions about the components and the structure of the system, plus hypotheses about the
values of model input parameters. As is illustrated by Figure, conceptual validation is the
comparison of the real system to the conceptual model.

The third step is the implementation of an operational model, usually by using simulation
software and incorporating the assumptions of the conceptual model into the worldview and
concepts of the simulation software. In actuality, model building is not a linear process with
three steps. Instead; the model builder will return to each of these steps many times while
building, verifying, and validating the model.

The above figure, depicts the ongoing model building process, in which the need for· verification
and validation causes continual comparison of the real system to the conceptual model and to the
operational model and induces repeated modification of the model to improve its accuracy.

10.b)Naylor and Finger formulated a three step approach which has been widely followed:-

1. Build a model that has high face validity.

2. Validate model assumptions.

3. Compare the model input-output transformations to corresponding input-output
transformations for the real system.

1. Face Validity

• The first goal of the simulation modeler is to construct a model that appears reasonable on its
face to model users and others who are knowledgeable about the real system being simulated.

The first step in model building consists of observing the real system and the interactions among
their various components and of collecting data on their behavior. But observation alone seldom
yields sufficient understanding of system behavior. Persons familiar with the system, or any
subsystem, should be questioned to take advantage of their special knowledge. Operators,
technicians, repair and maintenance personnel, engineers, supervisors, and managers understand
certain aspects of the system that might be unfamiliar to others. As model development proceeds,
new questions may arise and the model developers will return to this step of learning true system
structure and behavior.

The second step in model building is the construction of a conceptual model-a collection of
assumptions about the components and the structure of the system, plus hypotheses about the
values of model input parameters. As is illustrated by Figure, conceptual validation is the
comparison of the real system to the conceptual model.

The third step is the implementation of an operational model, usually by using simulation
software and incorporating the assumptions of the conceptual model into the worldview and
concepts of the simulation software. In actuality, model building is not a linear process with
three steps. Instead; the model builder will return to each of these steps many times while
building, verifying, and validating the model.

The above figure, depicts the ongoing model building process, in which the need for· verification
and validation causes continual comparison of the real system to the conceptual model and to the
operational model and induces repeated modification of the model to improve its accuracy.

10.b)Naylor and Finger formulated a three step approach which has been widely followed:-

1. Build a model that has high face validity.

2. Validate model assumptions.

3. Compare the model input-output transformations to corresponding input-output
transformations for the real system.

1. Face Validity

• The first goal of the simulation modeler is to construct a model that appears reasonable on its
face to model users and others who are knowledgeable about the real system being simulated.



• The users of a model should be involved in model construction from its conceptualization to its
implementation to ensure that a high degree of realism is built into the model through reasonable
assumptions regarding system structure, and reliable data.

• Another advantage of user involvement is the increase in the models perceived validity or
credibility without which manager will not be willing to trust simulation results as the basis for
decision making.

• Sensitivity analysis can also be used to check model's face validity.

• The model user is asked if the model behaves in the expected way when one or more input
variables is changed.

• Based on experience and observations on the real system the model user and model builder
would probably have some notion at least of the direction of change in model output when an
input variable is increased or decreased.

• The model builder must attempt to choose the most critical input variables for testing if it is too
expensive or time consuming to: vary all input variables.

2. Validation of Model Assumptions

• Model assumptions fall into two general classes: structural assumptions and data assumptions.

Structural assumptions involve questions of how the system operates and usually involve
simplification and abstractions of reality.

• For example, consider the customer queuing and service facility in a bank. Customers may
form one line, or there may be an individual line for each teller. If there are many lines,
customers may be served strictly on a first-come, first-served basis, or some customers may
change lines if one is moving faster. The number of tellers may be fixed or variable. These
structural assumptions should be verified by actual observation during appropriate time periods
together with discussions with managers and tellers regarding bank policies and actual
implementation of these policies.

• Data assumptions should be based on the collection of reliable data and correct statistical
analysis of the data.

3. Validating Input-Output Transformation

In this phase of validation process the model is viewed as input –output transformation : That is,
the model accepts the values of input parameters and transforms these inputs into output measure
of performance. It is this correspondence that is being validated.

• Using historical input data : Instead of validating the model input-output transformation by
predicting the future, the modeler may use past historical data which has been served for
validation purposes that is, if one set has been used to develop calibrate the model, its
recommended that a separate data test be used as final validation test.

 Using Turing test: When no statistical test is readily applicable then persons
knowledgeable about system behavior can be used to compare model output with system
output. This type of test is called Turing test used in detecting model inadequacies and to
increase the model credibility.


