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* Process Model

* An abstraction or simplified logical representation of a real or conceptual
complex system. It is designed to display significant features and characteristics
of the system under study.”

* Simulation

“Computerized model that possesses the characteristics described above and that
represents some dynamic system or phenomenon.”
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W’ Other Application Areas

» Design and Analysis of Manufacturing systems

» Evaluation of military weapons and their logistics
— Flight simulation, war game simulation, etc.

» Determination of protocols and requirements for
communication systems

» Design and experimentation of transport systems (airport,
freeways, and subways)

« Evaluation & Re-engineering of business processes (hospitals,
call centers, and post offices)

* Analysis of financial and economic systems
» Evaluation of Inventory systems

System Dynamics Approach

* Involves following concepts [Richardson
91]

— defining problems dynamically, in terms of graphs over time

striving for an endogenous, behavioral view of the significant dynamics
of a system

— thinking of all real systems concepts as continuous quantities
interconnected in information feedback loops and circular causality

— identifying independent levels in the system and their inflow and outflow
rates

— formulating a model capable of reproducing the dynamic problem of
concern by itself

— deriving understandings and applicable policy insights from the resulting
model

— implementing changes resulting from model-based understandings and
insights.

« Dynamic behavior is a consequence of
system structure
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Whoplicability to Software Processes

Software development is a very dynamic and complex
process. Therefore, simulation (with system
dynamics) is well-suited to analysis of software
process improvement strategies.

* Global system perspective
» Accounts for process feedback effects

* Model inherent tradeoffs among cost, schedule, and
quality

» Critical path analysis to schedule as opposed to
traditional cost reduction analysis

* Low-—cost experimentation

. Software Development or Evolution Project

Software Artifacts:
Software . .
Process H

Requirements, resources etc.

A 4
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internal project feedback

external feedback from operational environment




Simulation Model Benefits

« Process change/technology insertion experimentation via simulation
without tying up valuable resources (CMM-Level 5)
— Trade-off analysis and process optimization
¢ Quantitative evaluation of the software process (CMM- Level 4)
— Effects of process strategies on cost, schedule, and quality
Experimentation of process changes before commitment
Interactive training for software managers via “process flight simulation”
Process re-engineering implementation
Continuous calibration of simulation model with available data
« Encapsulation of under standing processes
— Organizational learning
« Benchmark of process improvement using the calibrated simulation
model to the organizational data

Discrete Event Vs. Continuous

* Discrete Event Simulation

— Modeling of a system as it evolves over time by a representation in which
the state variables change instantaneously at separate points in time
(Events)

— Conceptually could be done by hand calculations. But, because of the
amount of data stored and manipulated for most real world system, it can
be done on a digital computer

— Tools: e.g. - Arena, AweSim, Extend

¢ Continuous Simulation

— Modeling over time of a system by representation in which the state
variables change continuously with respect to time

— Involve differential equations that give relationship for the rates of change
of the state variables with time

— Tools: e.g. - SIMULINK, Dymola, iThink, etc
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Hybrid Simulation

* Modeling with the aspects of both discrete-event and
continuous simulation

e Three fundamental interactions b/w discretely changing and
continuously changing state variables [Pritsker 1995]

— A discrete event may cause a discrete change in the value of a continuous state
variable

— A discrete event may cause the relationship governing a continuous state
variable to change at a particular time

— A continuous state variable achieving a threshold value may cause a discrete
event to occur or to be scheduled

* Tools: e.g. — AweSim, Extend

Modeling Heuristics

10
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| - Conceptualization

» Define a clear, operational purpose of the model
* Don’t try to model the “System”
» Aggregate and abstract to the appropriate degree

» Use a top-down iterative approach

o KISS - (Keep It Simple, Stupid)

KAIST u=na7ias 1

Il - Formulation & Development

Don’t enumerate all factors at first

» Refine the model iteratively

» Add relationships to the model slowly

* Normalize when possible/Use relative measures
» Don’t stay too far from a simulatable model

* Don’t model in isolation; Try to involve those being modeled

KAIST t2un7i@sl 12
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‘V 111 - Validation

Look for qualitative similarity on the first pass

Alter one parameter at a time at a first

Be conscious of reality constraints

Model validity is a relative matter

“ The usefulness of a mathematical simulation model should be
judged in comparison with mental image or other abstract
model which would be used instead. Models are successful if
they clarify our knowledge and insights into systems” [Jay W.
Forrester, MIT]

13

‘V IV - Miscellaneous

e Data Collection

— Model design should not be postponed until all pertinent parameters
have been actually measured

e Communication

— Use simple diagrams to communicate with others until they seek more
details

14
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‘V V - General

* No Model is perfect, but some are useful

All models are incomplete

No model is final

— Possibility to build many different models of a single
process

All models contain hidden assumptions

Continually challenge the model

KAIST u=un7ias 15

Building a Simulation Model

KAIST t2un7i@sl 16
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W’  Simulation Modeling Steps

2. DATA COLLECTION &
ARNALYES
3. BUILD BASELINE
SIMULATION MODRL
4. WALIDATION OF THE
MODEL

A. EAFPERIMENTS w
SCEMARIOS

“WHAT-IF*

6. ARALYSIS OF
SIMULATION RESULTS

7. COLLECT MORE
DATA & CALIERATION

KAIST u=na7ias 17

R 1. PLANNING

The issues must be discussed in the planning:

— Overall objectives of the study
— Specific questions to be answered by the study

— Performance measures used to evaluate the efficacy of different system
configurations

— Scope of the model
— System configurations to be modeled
— Software to be used

— Time frame and required resources

KAIST t2un7i@sl 18
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2. Collect Data & Define a Model

» Collect information on the system layout and operational
procedure

» Collect data to specify model parameters and input probability
distribution

* Determine the level of the model

» Build a conceptual model: “Assumptions”
— Must be validated before building the simulation model
» Collect data on the performance of the existing system
* Need not be a one-to-one correspondence b/w each element of
the model and the corresponding element of the system

» Regular basis meeting with key personnel (subject-matter
experts, managers)

KAIST u=un7ias 19

Determine the Level of Model

« Feasible with time, money, and computer constraints

 Careful definition of the specific issues to be investigated by study and
measures of performance

« Determine the entity moving through the simulation model (e.g. Release,
Feature, or Module)

» Use subject-matter experts for important components of the system and
sensitivity analyses for important parameters & fit distributions

« Start with a “Moderately Detailed” model then embellish it
* Make the level of the model consistent with available data

* Incrementally increase the level of the model

KAIST t2un7i@sl 20
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Collection of High Quality Data

o Identify the true subject-matter experts for sub
systems to avoid collecting biased data

 Provide a precise specification of data
requirements

» Understand the process that produces the data
» Use existing theory for random distribution

— (e.g. customer service arrival time: Poisson)
e Use relevant result from similar simulation
studies

» Use experience and Intuition

— Hypothesize how certain components of a complex system operates

KAIST u=na7ias 21

Potential Difficulties with Data

» Not representative of what one really wants to
model

» Not of appropriate type or format

« May contain measurement, recording, or
rounding errors

» May be biased because of self-interest
« May have inconsistent units

KAIST t2un7i@sl 22

2016-05-13

11



2016-05-13

Randomness in the Simulation Model

» Allows different system designs to be compared in a more
statistically efficient manner

* Represented by probability distribution, not just perceived
mean value

 If no theoretical distribution that is good fit for a particular
distribution

— Continuous: Weibull, lognormal, normal, uniform

— Discrete: Triangular, beta, binomial, geometric, Poisson, negative
binomial, discrete uniform

» Very few normal distribution in real simulation

 Simulation results from different runs — Independent
— Using separate sets of different random numbers

KAIST u=un7ias 23

3. Build a Baseline Model

» Implement the model using a selected
simulation software after the validation of the
conceptual model validation

 Verify the simulation model

— Run the simulation under a variety of input settings to see that output is
reasonable

— Trace state variables and statistical counters to see if the simulation
model is operating as intended

— Interactive debugging if it is provided by the tool
— Observe an animation of the simulation output

KAIST t2un7i@sl 24
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4. Validate the Simulation Model

» Make pilot runs

» Compare model and system performance measures for the
existing system (Most definitive validity test) — Results
Validation

— Model Accuracy — Depends on its intended use and the utility function

* No Completely definitive approach for the validation

» Review of the model results for the correctness by the analysts
and the subject-matter experts

» Determine what model factors are significant on performance
measures by using sensitivity analyses

KAIST u=un7ias 25

‘v 5. Experiments with the Simulation Model

 Design experiments

— Specification of each system configuration of
interest
* Length of each run
* Length of warm-up period, if appropriate

* Number of independent simulation runs using different
random numbers

KAIST t2un7i@sl 26
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Design of Experiments

e Primary Goals
— To show the statistical significance of an effect that a particular factor exerts
on the dependent variable of interest

— To extract the maximum amount of unbiased information regarding the factors
affecting a production process from as few (costly) observations as possible

e General Issues in Experimental Design

— How to design an optimal experiment

— How to analyze the results of an experiment
e Design Techniques

- e.g.: 2% factorial design, 2%P factorial design, Central Composite and Non-
Factorial Response Surface Designs, Latin Square Designs, Taguchi Methods,
etc.

— 2k factorial design and 2k factorial design will be explained in more detail

— For other designs, refer to the URL

KAIST Z=uw7i 21

2k Factorial Designs

* Two levels for each factor

 Simulation runs at each of 2k possible factor-level
combinations (design points)

» Specify a reasonable values for the quantitative factor that are
meaningful options for qualitative factor

» Example: 23 factorial design

Factor Factor 1 Factor 2 Factor 3 Response

Combination
(Design point)

1 + + + i

2 + + - Ra

3 + + Es

4 + i

5 _ + + Es

3 + - Es

7 - + Ra

3 - Bs

KAIST t2un7i@sl 28

14



‘V 2k Factorial Designs

 As the number of factors gets larger, a full 2k factorial design
become unmanageable and requires considerable
computational efforts
« Choose a certain subset of all 2k possible design points
— if p=1, half fraction: if p=2, fourth fraction, and so on.
» Example: 24! fractional factorial design with one replication

Factor Factor 1 Factor 2 Factor 3 Factor 4 Response

Combination
{Design point)

1 - - - - R

P + - - + Ez

3 - + - + Es

4 ¥ T B _ Ta

5 - - + + Es

3 + + Fe

7 - - + - Ry

g + + + + Fs
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‘V 6. Analyze the Simulation Outputs

» Two main objectives of analyzing output data

— Determine the absolute performance of certain system configurations
— Compare alternative system configurations in a relative sense

KAIST t2un7i@sl 30
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Introduction to ExtendSim

Getting an ExtendSim Demo Version

* Download ExtendSim V8 demo version from the URL:
— http://www.extendsim.com/prods _demo.html

@' ) Fill out the form and click

------------ »~~ Submit button to download a
/ demo version from the web

KAIST t2un7i@sl 32
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Launching the Extend Demo

« After Installing the demo version on your PC

*  Double—click on the ExtendSim 8 Demo icon on your desktop or Go to the
Programs folder and open the ExtendSim 8 Demo.

A model file “demo.mox” will open automatically.

* Click on the buttons to view a sampling of the example models that ship with
this Demo.

At

KAIST t2un7i@sl 33

Limitations of Demo Version

e Can not Print or Save !!

* While you cannot print or save with this non-expiring Demo,
you can:

— Explore the features and capabilities of the four ExtendSim products
(ExtendSim Suite, ExtendSim AT, ExtendSim OR, and ExtendSim CP)

— Use it as a Player to run models of any size and view simulation results
— Build (but not save) small models (75 blocks or less)
— Change (but not save) parameters in any size model

— Add or remove blocks and change connection lines in existing small
models (75 blocks or less; additions and changes are not saved)*

— Create new blocks and save them in libraries

KAIST t2un7i@sl 34
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Open a Model

» Choose “Open...” from File menu

 Select a model file (*.mox) from Open Dialog
— (Sample Models in the directory: \ExtendSim7Demo-Player\Examples)

) CT

Lendsim

Vs for Simulation

- -
i 3 = —
e R i
R i~ \ _
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Connectors 2] A Car Wiash Startmax | <CCxtendSimTDeme PlaysrhEamplenWT.. | o | ol | Blocks

)

Dialog

Hierarchical E;Iock

H Ban
| 4wt o e )
Caoen |
[owboms | sty | were drwmgbon | Eooce smimation |
|
: . A1122) Senvice Center <A Car wasyv.zmoxv o | ]

Connections
J| _.: e

Heto | -4 |
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‘V ExtendSim Model Basics - Blocks

Composed of an icon, a dialog for entering and
viewing data, and connectors

Used to represent a portion of the model like a
block in a block diagram
Different Kinds of Blocks

— Represents a source of information that is passed on to other blocks
— Modify information as it passes through them
— Output information from the simulation in a visible form

Hierarchical Block:

— A Block that contains groups of other blocks

Any number of instances of the same block
can be used in a model

37

ExtendSim Model Basics - Libraries

Repositories of blocks
When a block is included in a model, a reference to the block in the library
is included
— Automatic update by changing the definition of a block in the library
— Save a great deal of disk and RAM space
When a model is saved, all model blocks and their locations in the libraries
are saved
Three ways to open a library
— Automatically when a model is opened
— Choose Open Library from the Library menu
— Specify pre-load libraries in the preferences command in the Edit menu
To add a block from a library
— Open the library and select the library from the list in the menu
— Select a block from the submenu organized by block type

38
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S Libraries that come with

Value
— Used for continuous simulations
— Values change when time changes
Item
— Used for models that use queues, item-specific attributes, and priorities
— Model attributes change when events occur
Plotter
— Used to graph model outputs
Animation
— Used to add animation effect to models and hierarchical blocks
Utilities
— A collection of useful blocks which count the number of blocks in a

model, fit data to a curve, synchronize the model to real time, and so
on.

Extendsim allows the user to create his/her own libraries

KAIST t2un7i@sl 39

ExtendSim Model Basics - Dialogs

» Used to enter values and settings before running the
simulations
* To open a block’s dialog

— Double-click on the block’s icon
— Hierarchical blocks — show contained blocks in them

* Information about a block
— Click on the help button at the bottom left corner of the dialog
 Displays report values during simulation if they are opened
during the simulation

» Values and setting can be changed during the simulation

KAIST t2un7i@sl 40

2016-05-13

20



Extend Model Basics —

e Connectors

— Information flow into/out a block
— Attached to each side of block
— Input/Output connector by pre-defined functions

Item Input Connector\ T oud— Value Output Connector
o= L

Value Input Connector - \ Item Output Connector

Connections

Connecting lines to hook blocks together
Show the information flow from block to block

During the simulation, the flow proceed along the path of connections repetitively

Value Connection

Item Connection

¥ ___ Connectors & Connections

41

Adding a Block to the Model

.':d Lbrary Model Teat Defre Bun Window Heo
Ly, Chabd, 1 H H
| ﬁm___ =I5 *Open the library if necessary
., oo . « Choose a block from Library
= MCETINCIETE oot wosn |
GENERIC LT »

menu

BOTTER LI »

[ gsae ]
Bgrkutns b Activky, elay (httrbtes)
oy BN b iy, Ml

Gararstors v
@i -4E Jrteamatn . E
o Sueues. Ll

Cusinmar Sendes Raguase Erdcares :

L gemtim —‘ﬁ
L - Bt

e ot Lbrary [Model Jet Qefine fun indow ielp

' [ T e S T s e T
: | evamnple L

A =101 x|

’- WA04 LmN I0N2E00 |

(g Peitety, Dilay (A1
N st

*Open the library window o s
Select a block from a opened
library, Drag it, and Drop it into

the model window

= S crancs muitus
> M 1

Comtira
Mied 210500

L\\‘ A o
Wi 10406
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_‘v Moving Blocks

2 Entend « Select the block(s) you want to
Fie Edit Lbrary Model Text Define Run Window Help move
DSRE aie = A el %5 ) AT OO EN=E .
|« Drag to the position where you
o want to move
o « Let go of the mouse button

Service Center

[tk

Customer Service Reguest

Sl « Select the block(s) you want to
move

» Move selected blocks one pixel
at a time using the arrow keys

KAIST u=un7ias 43

Connecting Blocks

* Move the cursor to the output
connector of A (The cursor
changes to a technical drawing

pen)
A
« Click the output connector
EHE B « Drag it toward the input
- @_‘"F connector of B
Rkl A
¢ Let go of the mouse when the
@E" v o, B pen is over the input connector
F of B
Rl A

» Connections from a output connector to a %ﬁl@ B

input connector are also allowed P
« Can connect from a value output connector to m!,—ﬂﬂ

a item input connector (from a item output

connector to a value input connector)

KAIST t2un7i@sl 44
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_iv Additional ways of connecting blocks

Select a connection type from
Connection Line of Model menu

o Exdend

Ubrary | podel Text Qefre Bun Window Help

et

AOOCRNIEH]
=g

Straight connection

Senvice Cenbes

S— R
1.»..“ |- S
w

Show Hamed Connections. )
tide il Cornections

Disadvantage: Run directly over

wd{;w conter

Right-angle connection

block(s) and/or line(s)

Multi-segment connection

Service Center

Named connection

NoRequestsinOuzue

Service Center

INoRequestsinOusus

45

Service Center

] =
" Hplock B = Bt
h

Let go of the mouse button

46
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Adding a N

amed Connection

EEe s tmmAL R
1~ =

Service Center

v

» Select the tool bar “A”, then
move the mouse where you
want to put a text

« Click the mouse button and
add the text

» Connect the line from a

Requestsin Queue

Service Center

= le———=
H-Block B—o T
. =

w

‘RequestsinQueue

output connector to the text

Service Center |

Connect the line from the text
to a input connector

41

To add a block label

« Open the block’s dialog

¢ Click the label field near the bottom scrollbar
« Type the test less than 15 characters

¢ Close the dialog

TIPS UL 1ISU UL JUEUE,

Mazimum queue length = [1868

I~ Stop simulation when the queue is full

L and I are: & continuous
¢ histogram

¥ Calculate waiting costs

To add comments on a block
- Most of blocks have comments field o
- Type the text less than 255 characters

=
I
_lol x|
0K I B
Cancel
ez 0ut
Ld 7
o =1 e

Comments

First in, Tirst out queue.

[

4
his block represts the waing line for the 3
Fu;tomeri seruice request. Lanceal
r tab
k|
Hielp |pisg oes 1| I

48
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Removing Blocks

« Select the block(s) to be removed
» Choose Clear Blocks from Edit

Fie | Edit Lbrary Model Text Define Run Window Help

e B mEaDoor: menu or Click Delete key

[CIf  RedoDskte Ctrl+z
Cut Blocks Chris =loix|
Copy Blocks il =
Chly o

Select Al Chrl+a
Duplicate Crl+D

Paste Ll ervice Center
Delste link b
Show Links

Refresh Links

Cu
Insert Objsct...

Design Mode
Object

Senisitize Parameter. ., To Un

Show Clipboard
Freferences, . Chrl;

T 4

» When removed, attached connection(s) to the block(s) will also be removed

KAIST u=un7ias 49

e Can not Print or Save in a Extend Demo Version !!
e The following explains how to save a model in Extend LT version

ki
Mew Test Pl (=210
Open... o

A A EMADOOENT

» Choose “Save Model” from the File Menu or Ctrl + S
« Click the Save button in the tool bar

KAIST t2un7i@sl 50
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Saving a Model As ...

Al Extend
Fle Edt Lbrary Model TIext Dsfine Run Window Help

worotd o [EISEO N A E NMEATOORN D
Mewy Text File T

Cpen. .. Ctrl+0 =1
Append Model. ..

Close Chrl-+w

Revert Model

Sawe Model Chrl+s

che

Sas

Service Center

Limport Data,..
Export Data,..
Import DF File

= |Save File As 2] x|
Save jn [ 3 Tutorial 5] - @ ek -

[ example-1.mox

Show Page Breaks
Print Setup. ..
Print Ctrl+p

* Choose “Save Model as...” from the

File menu
* Add the file name into the File name Filepame:  [evample-Z o e |
edit box of Save File as dialog Save 2 upe: [Modsi P nos] =] Conce

« Click Save button
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Simulation

« Specify how the simulation will run and for how long
« Deals with Discrete Event/Continuous as well as Random Numbers/Time Unit

Simulation End Time Simulation Start Time

Discrete event~JCanl

End simulation at time 5]

Start simulation at time |8 (14
Number of ry 1 Cancel
; ; Simulation Time Unit
Number of Simulation Runs - 2/ L .
e G - Select a time unit from the
Sneonds pull down menu
Mirntes
Hours
Duarys
Weeks
C Months
| ears
KAIST BIRuzies 52
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Running the Simulation

* Choose “Run Simulation”
from the Run menu

or

¢ Click Run Simulation button

Run Cptirmization
v s Sensitivity, Analysis

Chrhv.

In the tool bar

¥ Showt Animation
v Add Connection Line Animation
Add Mamed Connection Animation

Lerch Proof
Laurch Sttt

Generate Report
Report Type (Dislogs)

3

Customer Service Request Add Selected To Report Gt
Add &l To Report
Rernoye Selected From Repork Chri7
Remave All From Report
Show Reporting Blocks
stop a0
Pause el
Step Chrbt,
Resume arb- |
Debugging >

Status Bar during the simulation run
[E8:25

(T115.6221725 Sleps 26 L Run &

Current time of

Actual time left the simulation

simulation

KAIST S3M7188

Number of the
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