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— Simulation is the process of designing
a model of a real system and conducting
experiments with this model for the
purpose of understanding the behavior
of the system or of evaluating various
strategies for the operation of the system.

— Experimentation with dynamic models.
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—~ 98 A (o : war game )

- Azt (o - BejHg )

— H]|-£& ( o : space shuttle )
— Hzt2 (o] : hauthon effect )

HArE A&l dnte] 7%

— Back Track and Replay
— Freeze

— Malfunction

— Override
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— A collection of interacting elements that
function together for some purpose

— A collection of inputs whose pass through
certain processing phases to produce outputs



L4 Entity

of

Attributes
Activity

System Entity Attiribute Activities
Aircraft Autopilot Error Signaling
Aerilons Angle Forcing
Airframe Heading Turning
Factory Workpieces Number Ordering
Machines Capacity Machining
Markets Size Scheduling
Business Products Price Manufacturing
Customers Demand Selling
Markets Size Advertising
I litical Parties Size Fund raising
Issues Acceptance Campaigning
Social groups Income Migrating
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Computer System ( network,circuit design )
Flow process ( oil,gas,water etc. )
Game, Educational Modeling
Health care system
Manufacturing system

Marketing and Sales modeling
Military

Traffic control

Aircraft and Airport operation
Financial modeling

Governmental and urban planning
Etc
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Monte Carlo System Simulation
Discrete System Simulation
Continous System Simulation

Combined Discrete—Continous Simulation
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— Formulate of problem
Pt = | Dt - At |

— System?] Boundary$} Environment?] &

— Real System

Abstraction  .................. Entity
Simplification ................ Activity
Approximation ................. Attributes

J

Logical flow—diagram
or
Static Model

VY,
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Conceptual] adgu s T Graphic 1*]%3\]0])9_9101 Computer
Model ) Model J Model

PERT GPSS

CP/M SIMSCRIPT

Petri—Net SLAM
SIMAN

/2



— A model 1s a representation of an
object, system or idea in some form
other than that of the entity itself

— A simplified representation of a system

- 1
T
model
dynamic static
numeri{ nonumerical
continuous discrete

/

leterministic stochastic deter. stoch.
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Verification
Validation

— Concept

— Methodology
— Results

— Inference

— Data

Problem Analysis
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B4 - 24, 33

vkl — parameter, H42] levels2]
chopel 23 49
- 7], 285 2A
— sample size

- A7) Ho| Fa
qY 53
Execution

Sensitivity Analysis
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Continous Distribution
Discrete  Distribution

PDF( Probability Density Function )
CDF( Cumulative Distribution Function )

Random Number
Random Variate

Correlation
Covariate

Hypothesis Test
Confidential Interval
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DISCRETE SYSTEM SIMULATION2] of

Customer ——-- ® e & 0o o

arrivals

Service
L
A counter

Queue /

/

O Departures
(@]

Post office system.

- single-server-single-queue system

- FIFO

- =223 (A oY)

customer arrival rate

service rate

server utilization

average queue length

average number in the system
average waiting time

average time spent in the system
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Observed Data for 2 hours

Inter- Time Time  Service  Waiting Time spent

Customer Arrival arrival service  service  time, time in in system,

i time time begins ends S, queue. W, (W, = §)
! 15 15 15 20 5 0 5
2 17 2 20 23 3 3 6
3 19 2 23 27 4 4 8
4 30 11 30 31 1 0 1
25 120 3 122 127 5 2 7

LS = W= 3Z(W+S5)

71 100 = 171

Observed data (time in minutes) for post office svstem.

- Total number of arrivals ‘N = 25
- Arrival time of the last customer :T'= 120
- Departure time of the last customer:T = 127

e



Number in queue

o]
Customer 1
Customer 2
Customer3
Cusfqmer4

r—

System empty

Time

i A 1
30 3i 127

Observed number of customers in the queue.

No. of customers

No. of customers

I in queue, m; in system, n; Cumulative time, ¢;
1 0 0 56
2 0 1 21
3 1 2 15
4 2 3 20
5 3 4 15
3 =T =127

Observed cumulative times for customers in queue and in system.
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Approximate Method | Theoretical Method
. N
\verage arrival rate | A > A
‘ _ N
{verage service rate | (L S5, N
Utilization of server | A A Yo
U "
Iverage vaiting tize | ¥ LW, o
In queue N (1 =p)u
Mverage tine spent | s(S5, + W) 1
in systen N w— A
Werage number of | Lg | S(my6) L
customers in queue T L=p
Average number of L 2(nt,) P
customer in systen | T L=»p

Approximate Theoretical  Simulation

method method method
Average no. of customers 1.35 1.43 1.353
in system, L
Average no. of customers 0.79 0.84 0.793
in queue, L,
Average time spent in system, W 6.84 6.94 6.72
Average time spent in queue, W, 4.0 4.08 3.94
Utilization of postmaster p 0.59 0.59 0.56

Comparison of results (post office) by different methods.
/9



