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Note: Answer any five questions:

1. Explain the replication method for steady – state simulations.

Case 3

10M





2 a) What are world views? Explain the types and explain three phase approach in detail.

When using a simulation_ package or even when doing a manual simulation, a modeler adopts a world
view or orientation for developing a model. The most prevalent world views are the event-scheduling
world view, as discussed m the previous section, the process�interaction world view, and the activity-
scanning world view. Even if a particular package does not directly support one or more of the world
views, understanding the different approaches could suggest alternative ways to model a given system.

With the activity-scanning approach, a modeler concentrates on the activities of a model and those
conditions, simple or complex, that allow an activity to begin. At each clock advance, the conditions
for each activity are checked, and, if the conditions are true, then the corresponding activity begins.
Proponents claim that the activity-scanning approach is simple in concept and leads to modular models
that are more easily maintained, understood, and modified by other analysts at later times. They admit,
however, that the repeated scanning to discover whether an activity can begin results in slow runtime
on computers. Thus, the pure activity-scanning approach has been modified (and made conceptually
somewhat more complex) by what is called the three-phase approach, which combines some of the
features of event scheduling with activity scanning to allow for variable time advance and the
avoidance of scanning when it is not necessary, but keeps the main advantages of the activity-scanning
approach.

In the three-phase approach, events are considered to be activities of duration zero time units. With this
definition, activities are divided into two categories, which are called B and C. B activities activities
bound to occur; all primary events and unconditional activities. C activities activities or events that is
conditional upon certain conditions-being true. The B-type activities and events can be scheduled
ahead of time, just as in the event-scheduling approach. This allows variable time advance. The FEL
contains only B-type events. Scanning to learn whether any C-type activities can begin or C-type
events occur happens only at the end of each time advance, after all B-type events have completed. In
summary, with the three-phase approach, the simulation proceeds with repeated execution of the 3
phases until it is completed;

Phase A Remove the imminent event from the FEL and advance the clock to its event time. Remove
from the FEL any other events that have the same event time.

Phase B Execute all B-type events that were removed from the FEL. (This could free a number of
resources or otherwise change system state.)

Phase C Scan the conditions that trigger each C-type activity and activate any whose conditions
are sent. Rescan until no additional C-type activities can begin and no events occur.

The three-phase approach improves the execution efficiency of the activity-scanning method. In
addition, proponents claim that the activity scanning and three-phase approaches are particularly good
at handling complex resource problems in which various combinations of resources are needed to
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accomplish different tasks. These approaches guarantee that all resources being freed at a given
simulated time will all be freed before any available resources are reallocated to new tasks.

b) What is a model? Explain different types of models with examples.

A model is defined as a representation of a system for the purpose of studying the system.

TYPES OF MO DELS

Models can be classified as being mathematical or physical. A mathematical model uses symbolic
notation and mathematical equations to represent a system. A simulation model is a particular type of
mathematical model of a system. Simulation models may be further classified as being static or
dynamic, deterministic or stochastic, and discrete or continuous. A static simulation model, sometinles
called a Monte Carlo simulation, represents a, system at a particular point in time. Dynamic simulation
models represent systems as they change over time.The simulation of a bank from 9:00 A.M. to 4:00
P.M. is an example of a dynamic simulation.

Simulation models that contain no random variables are classified as deterministic.
Deterministic models have a known set of inputs, which will result in a unique set of outputs.
Deterministic arrivals would occur at a dentist's office if all patients arrived at the scheduled
appointment time. A stochastic simulation model has one or more random variables as inputs. Random
inputs lead to random outputs. Since the outputs are random, they can be considered only as estimates
of the true characteristics of a model. The simulation of a bank would usually involve random inter
arrival times and random service times. Thus, in a stochastic simulation, the output measures-the
average number of people waiting, the average waiting time of a customer-must be treated as statistical
estimates of the true characteristics of the system.

Discrete and continuous models are defined in an analogous manner. However, a
discrete simulation model is not always used to model a discrete system, nor is a continuous simulation
model always used to model a continuous system. Tanks and pipes are modeled discretely by some
software vendors, even though we know that fluid flow is continuous. In addition, simulation models
may be mixed, both discrete and continuous. The choice of whether to use a discrete or continuous {or
both discrete and continuous) simulation model is a function of the characteristics of the system and the
objective of the study. Thus, a communication channel could be modeled discretely if the
characteristics and movement of each message were deemed important. Conversely, if the flow of
messages in aggregate over the channel of importance, modeling the system via continuous simulation
could be more appropriate. The models considered in this text are discrete, dynamic, and stochastic.
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3 a) With the help of flowchart explain simulation of single channel queuing system.

-Departure event flow diagram with explanation-2M
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-Arrival event flow diagram with explanation-3M

*Either all the 4 diagrams can be drawn or Minimum 2 diagrams is needed.

b) Explain Simulation in GPSS with a neat block diagram.

GPSS is a highly structured, special-purpose simulation programming language based on the process-
interaction approach and oriented toward queuing systems. A block diagram provides a convenient way
to describe the system being simulated. There are over 40 standard blocks in GPSS. Entities called
transactions may be viewed as flowing through the block diagram. Blocks represent events, delays, and
other actions that affect transaction flow. Thus, GPSS can be used to model any situation where
transactions (entities, customers, units of traffic) are flowing through a system (e.g., a network of
queues, with the queues preceding scarce resources). The block diagram is converted to block
statements, control statements are added, and the result is a GPSS model.

The first version of GPSS was released by IDM in 1961. It was the first process-interaction simulation
language and became popular; it has been implemented a new and improved by many parties since
1961, with GPSS/H being the most widely used version in use today. GPSS/H is a product of
Wolverine SoftWare Corporation, Annandale, VA (Banks, Carson, and Sy, 1995; Henriksen, 1999). It
is a flexible, yet powerful tool for simulation. Unlike the original IDM implementation, GPSS/H
includes built-in file and screen 1/0, use of an arithmetic expression as a block operand, an interactive
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Debugger, faster execution, expanded control statements, ordinary variables and arrays, a floating point
clock, built-in math functions, and built-in random-variate generators. The animator for GPSS/H is
Proof Animation™, another product of Wolverine Software Corporation (Henriksen, 1999). Proof
Animation provides a 2-D animation, usually based on a scale drawing. It can run in post processed
mode (after the simulation has finished running) or concurrently. In post processed mode, the
animation is driven by two files: the layout file for the static background, and a trace file that contains
Commands to make objects move and produce other dynamic events. It can work with any simulation
package that can write the ASCII trace file. Alternately, it can run concurrently with the simulation by
sending (he trace file commands as messages, or it can be controlled directly by using its DLL
(dynamic link library) version.

4 Consider the following inter arrival times and service times. Using time advance prepare a simulation table
based on the following activities and stop the simulation when clock reaches 25.

Inter arrival Time 4 5 2 8 3 7
Service  Time 5 3 4 6 2 7

-For defining the system states like LQ(t),LS(t) – 2M
-For defining the Future Event List-4M
-For Updating the Cumulative statistics like B and MQ-2M
-For Simulation table defining all the above entities-2M
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Clock System State Future Event List Cumulative Statistics
LQ(t) LS(t) B MQ

0 0 1 (A,C2,4)(D,C1,5)(E,25) 0 0
4 1 1 (D,C1,5)(A,C3,9)(E,25) 4 1
5 0 1 (D,C2,8)(A,C3,9)(E,25) 5 1
8 0 0 (A,C3,9)(E,25) 8 1
9 0 0 (A,C4,11)(D,C3,13)(E,25) 8 1
11 1 1 (D,C3,13) (A,C5,19)(E,25) 11 1
13 0 1 (D,C4,19)(A,C5,19),(E,25) 13 1
19 0 1 (D,C5,21)(A,C6,22)(E,25) 19 1
21 0 0 (A,C6,22)(E,25) 21 1
22 0 1 (D,C6,29)(A,C7,29)(E,25) 21 1
25 0 1 (D,C6,29)(A,C7,29)(E,25) 25 1

5. Let the arrival distribution be uniformly distributed between 1 to 8 min. Develop a simulation table for 6
customers. The service time distributions are as follows.

Service Time 1 2 3 4 5 6
Probability 0.10 0.20 0.30 0.25 0.10 0.05

Consider the following random numbers for inter Arrival Times and Service Times.
Random No for IAT: 502, 617, 391, 159,999 and 752
Random No for Service Times: 24, 15, 62, 73, 42, 17.
Find the average waiting time and probability of idle time of server from the  simulation table.

-For finding the cumulative probability and random numbers for IAT-2M

IAT Probability Cumulative
Probability

Random No
Assessment

1 0.125 0.125 0-125
2 0.125 0.250 126-250
3 0.125 0.375 251-375
4 0.125 0.500 376-500
5 0.125 0.625 501-625
6 0.125 0.750 626-750
7 0.125 0.875 751-875
8 0.125 1 876-999

-For finding the cumulative probability and random numbers for service times-2M

ST Probability Cumulative
Probability

Random No
Assessment

1 0.10 0.10 1-10
2 0.20 0.30 11-30
3 0.30 0.60 31-60
4 0.25 0.85 61-85
5 0.10 0.95 86-95
6 0.05 1 96-99
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-Main Simulation table-6M
*The marks split up for this table is as shown below

-For finding the Inter-arrival times and arrival times-1M
- For finding the service times from the random numbers-1M
-For finding the time service begins and time service ends-2M each

Customer IAT AT ST Time
Service
Begins

Waiting
Time

Time
Service
Ends

Time
Customer
Spend in
system

Idle time
of server

1 - 0 2 0 0 2 2 0
2 5 5 2 5 0 7 2 3
3 5 10 4 10 0 14 4 3
4 4 14 4 14 0 18 4 0
5 5 16 3 18 2 21 5 0
6 8 24 2 24 0 26 2 3

Total 2 9

-For finding the average waiting time and Probability of idle time of server-2M

Average WT = Total WT/Total No of customers =2/6 =0.33 Min
Probability of idle time of server = Total idle time/Total run time of simulation = 9/26 = 0.34Min

6 Develop a simulation table for Able-baker call center problem assuming that able can do the job better than
baker. The time between arrivals and service times are as shown below. Simulate for 5 days.

Consider the following random numbers.
Random no for Arrivals: 42,74,80,34,68
Random no for Service Time: 89,13,50,49,88

-For Finding the cumulative probability and random numbers for inter-Arrival Times-1M

Inter-Arrival
time

Probability Cumulative
Probability

Random No
Assessment

1 0.35 0.35 0-35
2 0.20 0.55 36-65
3 0.30 0.85 56-85
4 0.15 1.00 86-99

-For Finding the Cumulative probability and random no for service times of Able and Baker-1M

Service Time of Able 2 3 4 5

Probability 0.20 0.25 0.25 0.30
Service Time of Baker 3 4 5 6

Probability 0.10 0.30 0.25 0.35

Time b/n arrivals 1 2 3 4
Probability 0.35 0.20 0.30 0.15
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ST of
Able

Probability Cumulative
Probability

Random
No
Assessment

ST of
Baker

Probability Cumulative
Probability

Random
No
Assessment

2 0.20 0.20 1-20 3 0.10 0.10 0-10
3 0.25 0.45 21-45 4 0.30 0.40 11-40
4 0.25 0.70 46-70 5 0.25 0.65 41-65
5 0.30 1.00 71-99 6 0.35 1.00 66-99

-Main Simulation Table-8M.
*The Marks Split up for this table is as shown below.

-For Finding the Inter-Arrival Times from the random numbers-1M
-For Finding the arrival Times-1M
-For Finding the Service Times from the random numbers-1M
-For Finding the available server and time service begins-2M
-For Service completion time and time in the system-3M

Caller
No

IAT AT When
Able
Available

Whwn
Baker
Available

Server
Choosen

ST Time
Service
Begins

Service
Completion
time
Able Baker

Caller
Delay

Time
in the
system

1 - 0 0 0 Able 5 0 5 0 5
2 2 2 5 0 Baker 4 2 5 6 4
3 3 5 9 6 Able 4 5 9 6 4
4 3 8 9 13 Baker 5 8 9 13 5
5 1 9 14 13 Able 5 9 14 13 5

7 Explain the characteristics of queuing system. Explain different queuing notations.

characteristics of queuing system
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8 Consider the loading times, weighing times and travelling times as follows.

Loading Time 10 5 10 10 5 10 5
Weighing Time 12 16 12 12 16 12 12
Travelling Time 40 60 40 80 100 40

Assume that 2 trucks are at loading ,1 on scale and remaining 3 are at loader queue at time 0 and each truck is
loaded by one of the two loaders. Using time advance algorithm simulate by considering stopping time after 10
iterations. Calculate the total busy time of loaders, scale, average loader and scale utilization.

Clock System States List FEL Cumulative
Statistics

LQ(t) L(t) WQ(t) W(T) LQ(t) WQ(t) BL BS
0 3 2 0 1 DT4,DT5

,DT6
0 (EL,DT3,5)(EL,DT2,10)

(EW,DT1,12)
0 0

5 2 2 1 1 DT5,DT6 DT3 (EL,DT2,10) (EW,DT1,12)
(EL,DT4,15)

10 5

10 1 2 2 1 DT6 DT3,DT2 (EW,DT1,12) (EL,DT4,15)
(EL,DT5,20)

20 10

12 1 2 1 1 DT6 DT2 (EL,DT4,15)(EL,DT5,20)
(EW,DT3,28)(ALQ,DT1,52)

24 12

15 0 2 2 1 - DT2,DT4 (EL,DT5,20)(EL,DT6,20)
(EW,DT3,28)(ALQ,DT1,52)

30 15

20 0 0 4 1 - DT2,DT4,
DT5,DT6

(EW,DT3,28)(ALQ,DT1,52) 40 20

28 0 0 3 1 1 DT4,DT5
DT6

(EW,DT2,40)(ALQ,DT1,52)
(ALQ,DT3,88)

40 28

40 0 0 2 1 - DT5,DT6 (EW,DT4,52)(ALQ,DT1,52)
(ALQ,DT2,80)(ALQ,DT3,88)

40 40

52 0 1 1 1 - DT6 (EL,DT1,62)(EW,DT5,68)
(ALQ,DT2,80)(ALQ,DT3,88)
(ALQ,DT4,132)

40 52

62 0 0 2 1 - DT6,DT1 (EW,DT5,68)(ALQ,DT2,80)
(ALQ,DT3,88)(ALQ,DT4,132)

50 62
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