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ABSTRACT

Managing large software development projects and

delivering them on time and within budget has proven to be a

difficult task. The Dynamica Model of Software Project

Management, has been designed to support the management of

the software development process. The current interface to

the model, however, is not suited to the inexperienced user.

The objective of this thesis is to enhance the usability

and acceptance of the Dynamica Model of Software Project

Management. The design of the user interface accomplished in

this thesis is an attempt to provide the maximum benefit of

the model to the user by simplifying the process of using,

viewing, and storing results from the model. This allows

hne user to focus his or her attention on design

considerations and interpreting model experiments.

Specifically the accomplishments of this thesis include

the development of a menu system which provides a logical

format for accessing the Dynamica model and the creation of a

Dvnex model interface to aio in variable manipulation. '
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I. INTRODUCTION

A. BACKGROUND

*In recent years, rapid technological advancements in

computer hardware, and the ensuing cost reduction of

equipment, has increased the demand for hardware and

consequently the demand on software. A tenfold increase in

software demand is expected ov2r the next 10 years [Ref.

l:pp. 55-62).

However, the growth in the software industry has not been

painless. There are currently numerous problems facing

software project managers. Software development projects

have been marked by cost overruns, late deliveries, poor

reliability and user dissatisfaction (Ref. 2:pp. 36-41] and

[Ref. 3:pp. 132-142]. Only recently has the software project

manager seen the development of an assortment of "tools" to

aid him in estimating, tracking and forecasting costs,

scheduling completion dates, and in the myriad of other tasks

* which are integral parts of the software development process.

The Dynamica Model of Software Project Management,

created by Tarek K. Abdel-Hamid while at the Massachusetts

institute of Technology, is one of the exciting new "tools"

recently de'eL.ooed. it is a comprehensive model of the

A: software development process. Written in Professional

O- Dynamo, the model integrates both the management-type

•. .*'- . - *** *--% ' -** A * .*.. ..-. i/. ' * € . -" - .' ' ., '. - '.. ' ,- ,~ * 2 ''



functions (e.g., planning control, and staffing) with the

software production-type activities (e.g., design, coding,

reviewing and testing).

The Dynamica Model of Software Management can perform

several important roles. Its main goal is to aid the

software project manager in understanding the software

development process. The manager can conduct "what if"

experiments with the model to develop a more comprehensive

understanding of the interrel-t onships of software

develooment variables. For example, what is the impact on

project cost of an increase in quality assurance effort. The

model allow3 the user to track, store, graph and plot large

amounts of project data, quickly and efficiently. In so

doing, the user can improve and fine tune his fundamental

understanding of the software development process through the

advantages gained by using a computer simulation model.

Secondly, the Dynamica model can be used to aid the

software project manager in the actual management process.

For example, the model can be utilized to estimate project

cost, schedule completion time, and numerous other variables.

- - Variables in a software development project can be changed

and simulations can be run in a matter of minutes. This

* allows the manager to evaluate different management

." .r.teg.es.
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Currently the Dynamica model interface is limited to

simulations performed by the experienced model user. The

model does not provide the new user with any assistance or

guidance. For example, the model does not define the

variables in the model or explain what options are available

to the user.

To provide the maximum benefits from any computer based

system, great care must be taken in the design of the human

interface. User friendly systems are much more likely to

gain wide spread acceptance. Learning to use and operate a

computer based system must be easy enough for the beginner

yet flexible enough not to constrain more experienced users.F;" The interface of the system, must stress simplicity and

-ffi iency without limiting the users creativity. The

interface should be designed to focus the users attention on

important information and not clutter the screen with

inconsequential data. Feedback should be provided in a

timely manner to keep the users attention.

B PURPOSE OF RESEARCH

The objective of this thesis is to enhance the

effectiveness of the Dynamica Model of Software Management by

provding an improved user interface which enhances the

7fulness of the model for a wide range of users.

T"-4s is accomplished by determining the most commonly

used functions of the Dynamica model and designing a system

-.o allow the user a simple method of access to them. The

3
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design of the model interface should build upon and

complement the menu interface available in Professional

Dynamo. The interface should be self documenting and lead

the user through the process of selecting variables, running

simulations and storing results. It should also allow the

. user to avoid the documentation as his/her experience level

-grows. Since a major purpose of the Dynamica model is to

enhance the user's understanding of the software development

Process, the interface should provid,- he tools the user

needs for accessing, and analyzing all critical data created

by the model.

C. SCOPE OF RESEARCH

The scope of this research will include the design and

.evelopment of a user interface for the Dynamica model

-ti-lizing the executive level interface of Professional

--vnamo - Dynex, DOS batch files, and the Extended Batch

Language (EBL) menu facility EXECMAKE. The model

,ocumentation included in this thesis will in addition

.omporise -a user's manual for the system.

'. .. HESIS ORGANIZATION

T hapter TT will briefly discuss problem areas in the

:grent methods of software project management and the role

.he D/namica Model of Software Project Management to solve

-ose problems. The user interface developed in this thesis

0• ,, w " 'e troghly demonstrated in Chapter III. In Chapter

4
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we discuss the system architecture for the user interface

Jeveloced in this thesis, and discuss the interrelationships

of the sub components of the interface.

41.
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II. RESEARCH BACKGROUND AND OBJECTIVES

A. CURRENT PROBLEMS IN SOFTWARE PROJECT MANAGEMENT

There has been tremendous growth in the demand for

software systems over the past 20 years. The software

development process unfortunately, has earned an "infamous"

reputation for cost overruns, late deliveries, poor

- reliability and users' dissatisfaction [Ref. ':pp. 36-41] and

:Ref. 3:pp. .32-142].

While significant progress has been made over the past 20

years in improving the technology of software development,

little research effort has been devoted to the managerial

issues.

Software Engineering Project Management (SEPM) has not
enjoyed the same progress (as the technology of software
development). While it might be argued that SEPM has
been defined, it is far from a recognized discipline ....
The major issues and problems of SEPM have not been
agreed on by the computing community as a whole, and
consequently, priorities for addressing them have not
been widely established. Furthermore, research in this
area has been scant. [Ref. 4:p. 333]

B. THE DYNAMICA MODEL

The goal of the Dynamica model is to provide an

inderstanding of the dynamic behavior of software projects

-nA support the management of the software development

process [Ref. 5:pp. 8-10].

6
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The Dynamica model is a comprehensive system dynamics

model of the software development process. The model

integrates the multiple functions of the software development

process, including both the management-type functions (e.g.,

Lplanning, control, staffing) as well as the software

production-type activities (e.g., design, coding, reviewing,

testing) [Ref. 6:pp. 6-11]. Such an integrative approach is

useful since it would prompt and facilitate a search for the

multiple, and potentially diffuse set of factors that are

interacting to cause some software project problem(s) [Ref.

6:p. 14].

Another distinctive aspect of the Dynamica model is its

S. use of computer simulation techniques to handle the high

complexity of the integrative feedback model.

The behavior of systems of interconnected feedback loops
often confounds common intuition and analysis, even
though the dynamic implications of isolated loops may be
reasonably obvious. The feedback structures of real
problems are often so complex that the behavior they
generate over time can usually be traced only by
simulation. [Ref. 7:pp. 6-7]

The Dynamica model consists of the four subsystems shown

. Ln Figure 2-1 [Ref. 5:p. 12]. The Human Resource Management

- Sbsy-stem captures the hiring, training, assimilation and

transfer of the project's human resources. The Software
S

.roduction Subsystem captures the design, coding, quality

ass:rance, rework, and testing activities [Ref. 6:pp. 11-251.

-he Piannihg Subsystem models the scheduling activities that
"e.
-/

0,,o
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take place throughout the project's life cycle. The Control

Subsystem captures the measurement of progress on the

project.

HUMAN
RESOURCE

MANAGEMENT1

progress / workforce
status needed

/ work available

SOFTWARE
O / PRODUCTION

tasks completed schedule

/ / -

CONTROLLING PLANNING
effort remaining

Figure 2-1. Four Subsystems of The Dynamica Model

C. RESEARCH OBJECTIVES

The goal of this thesis is to design and develop a user

n-terface for the Dynamica model which would improve the

-: Ynami:a model's utility as both a learning tool and a

:-. nageement support system. Three areas of the model

.nterface are targeted for improvement: (1) ease of

Fe 8

/%0<<



operation, (2) improved facilities for accessing, storing and

reviewing simulation results and (3) improved method of

variable manipulation.

The Dynamica model currently is extremely difficult for

the new user to operate. For example, the model does not

provide the user with a clear guide for operation and there

is no online help or documentation available. These problem

areas will be addressed through the design of a new menu type

interface. The menu system will outline the functions

available within the Dynamica model, explaining these

functions, and make them easy to access and invoke.

One of the major advantages of the Dynamica simulation

- model is its capability to provide the user with a dynamic

and detailed picture of how model variables change throughout

the project's life cycle. One of the goals of this thesis is

to provide the user a easy method for data storage as well as

plotting, graphing and printing the simulation results.

A standardized report format and plot functions will be made

available to the user via the menu system.

* Finally, the Dynamica model needs to provide the user

"wth a framework for manipulating variables and controlling

-hp mdoel. Professional Dynamo provides the experienced

* ebi4lder an executive interface language, Dynex, for

i,. ".a.ing -n easily understood format for model manipulation.

.A goai 3f this thesis is the design and coding of a dynex

S%
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~.ntr:3e~r Thie model. This interface will contain the

.~efr~: ~Df 13 selected variables and allow their

macu1tionwithin the model.
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III. INTERFACE DESIGN

A. INTRODUCTION

This chapter provides a detailed description of the user

interface. It provides explanatory information on the

cort-ions of the interface visible to the user. In effect, it

is a manual for the system, providing guidance on operating

Ste system and explaining its characteristics.

The user i.nterface for the DYNAMICA MODEL OF SOFTWARE

MANAGEMENT consists of three main parts: (1) the Model Menu

and its Submenus, (2) 24 batch files called by the Model Menu

and '3) the Model interface written in DYNEX (the executive

-n*terface language of Professional Dynamo).

To operate the Dynamica model requires an IBM or IBM

comoatible XT/AT microcomputer, with 640 K of RAM and either

a hard disk or 1.2 meg floppy disk. Microsoft (MS) or

-rsonal Computer (PC) DOS 2.xx or greater is also required.

" . Section B of this chapter contains a complete tour of the

.- :iA:N MODEL MENU AND ITS SUBMENUS

7: =nitte the main Model Menu type (menu) followed by

• - ie 73 or:mct -.f the directory =cfntainln,

-- . A> =. Fgure 3-I wi ap[;e r on he

7,}; :" r rn formnty ind clarity when reading interface

.: " 2:r mots the keystrokes required as input

.oO1-
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will be placed in parenthesis. Unless otherwise stated,

input may be lower or upper case.)

MODEL MENU
FOR THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGEMENT

I. INTRODUCTION TO THE MODEL MENU

2. HELP FACILITIES

3. VARIABLE MANIPULATION

4. RUN SIMULATIONS

p. 5. TO STORE AND PRINT RESULTS

6. VIEW RESULTS AND PRINT GRAPHS

7. EXIT TO DOS

Choose an option: (ESC exits menu)

Figure 3-1. The Model Menu

The user needs only to type the number of his/her

selection and follow the prompts to move through any of the

men u items selected. Pressing the escape key at any submenu

will return the user to the next higher level menu until

reaching the Model Menu's main screen Figure 3-1.

The Model Menu provides the user six topic areas to

.choose from. Menu options are explained below in the order

. listed in the Model Menu of Figure 3-1. All submenus of an

e.g., selecting option I porvides the user a submenu

tr-e same title with three additional selections) will be

* 2:sc-ssed before proceeding to the next menu selection.

12
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The firs option on the main menu is INTRODUCTION TO THE

MCDEL MENU. -f selected, the user is presented the submenu

shown in Figure 3-2.

INTRODUCTION TO THE MODEL MENU
THE FOLLOWING MENU PROVIDES INTRODUCTORY INFORMATION TO

NEW USERS

I. PURPOSE OF THE MODEL MENU

2. HARDWARE/SOFTWARE REQUIREMENTS

3. SUGGESTIONS FOR USING THE MENU

Choose an ootion: (ESC exits menu)

Figure 3-2. Introduction to the Model Menu

7he three user selections available in Figure 3-2, provide

introductory information on the operation of the model menu.

The three selections are (1) Purpose of the Model Menu, (2)

Hardware/Software Requirements, and (3) Suggestions for

Using the Menu, Figures 3-3, 3-4 and 3-5.

V After returning to the main Model Menu, selection of

- option # 2, Help Facilities, provides the user access to the

slomenu shown in Figure 3-6.

13
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WELCOME

WELCOME TO THE MODEL MENU ! JUST BRIEFLY,
LETS DISCUSS WHAT THE MODEL MENU IS AND WHAT
IT ISN'T, TO HOPEFULLY AVOID ANY CONFUSION AS YOU
BEGIN TO FAMILIARIZE YOURSELF WITH THE DYNAMICA
MODEL OF SOFTWARE PROJECT MANAGEMENT.

. I. COMPONENTS OF THE MODEL MENU

THE DYNAMICA MODEL OF SOFTWARE PROJECT
MANAGEMENT IS A SOPHISTICATED SIMULATION MODEL

* - WRITTEN BY DR. TAREK K.ABDEL-HAMID, IN PROFESSIONAL
DYNAMO. PROFESSIONAL DYNAMO (ABBREVIATED PD ) IS
A HIGH LEVEL SIMULATION LANGUAGE CREATED BY PUGH -

ROBERTS ASSOCIATES, INC.
ACCESS TO THE SYSTEM DYNAMICS MODEL OF

SOFTWARE MANAGEMENT IS PROVIDED BY THE MODEL MENU.
THE MODEL MENU, WRITTEN USING EXTENDED BATCH LANGUAGE,
DOS COMMANDS, SEVERAL PUBLIC DOMAIN BATCH FILE
UTILITIES AND THE PD INTERFACE LANGUAGE DYNEX, HAS
BEEN DES:GNED TO EASE AND SPEED USER ACCESS TO THE
MODEL AND AID IN THE MANIPULATION OF SIMULATION
RESULTS.

* HIT ANY KEY TO CONTINUE.

Figure 3-3. Purpose of the Model Menu

14
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HARDWARE AND SOFTWARE REQUIREMENTS

HARDWARE:

THE MODEL REQUIRES AN IBM OR IBM COMPATIBLE
XT,'AT MICROCOMPUTER, WITH 640 K OF RAM AND A HARD
DISK OR 1.2 MEG FLOPPY.

EXECUTION OF MODEL SIMULATIONS IS A VERY
NUMERICALLY INTENSIVE OPERATION. THE EXECUTION

"" SPEED INCREASES TREMENDOUSLY WITH THE USE OF A MATH
CO-PROCESSOR CHIP.

THE MODEL PROVIDES SUPPORT FOR THE MOST COMMON
GRAPHIC DISPLAY MODES, MDA, CGA AND EGA. THE MODEL'S
USE OF COLOR IS DESIGNED TO ENHANCE USABILITY BUT IS
NOT A REQUIREMENT.

SOFTWARE:

THE MODEL REQUIRES MS OR PC DOS 2.xx OR GREATER.
CHECK TO MAKE SURE ALL THE FILES LISTED ON THE SYSTEM
D7SK ARE PRESENT IF ANY PROBLEMS ARISE.

HIT ANY KEY TO CONTINUE

Figure 3-4. Hardware and Software Requirements

- 15
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SUGGESTIONS

THE FIRST RECOMMENDED ORDER OF BUSINESS FOR
ALL NEW USERS IS O AMILIARI7E YOURSELVES WITH TH

MODL MNU. TAKE A FEW MOMENTS AND EXPLORE ALL THE
'1ENU SEZECTID 1NS. THERE IS NO NEED TO ENTER DATA OR
RESPOND TO ANY OF T"HE QUERIES, JUST SCAN THE SCREENS
AND HIT ENTER OR ANY KEY AS PROMPTED TO CONTINUE.
THIS WHOLE PROCESS SHOULD ONLY TAKE YOU 10 MINUTES
:OR SO.

HIT ANY KEY TO CONTINUE

Figure 3-5.1. Suggestions for Using the Model

REVIEW THE MODEL VARIABLES

YF YOUI PLAN TO USE THE MODEL TO SIMULATE A
6 AT:CULAR SOFTWARE PROJECT THAT YOU HAVE DATA ON,

TEMODEL SHOULD bE CUSTOMIZED To REFLECT THAT
-6:ET a. OUR FIRST STEP TOWARDS THAT GOAL OF MODEL

A' E :7: :3 T,- REVIEW THE DEFINITIONS OF
TUSTAmL z) :A 73L 1S WITHN THE MODEL. THS

7':N 7:O-NS ARE AVAILABLE BY SELECTING # 3,
SLE MNIPULATT!N FROM THE MODEL MENU.

HIT ANY KEY TO CONTINUE

F -gre 3-5. 2. Suggestions for Using the Menu
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HELP FACILITIES
INTRODUCTION TO DYNAMICA AND PROFESSIONAL

DYNAMO HELP FACILITIES

1 OVERVIEW OF HELP FACIJT:ES

2. ONLINE MODEL HELP INFORMATION

3. PROFESSIONAL DYNAMO HELP

Choose an option: (ESC exits menu)

Figure 3-6. Help Facilities

Selection # 1, Overview of Help Facilities, provides the

: ser with an explanation of the two types of help facilities

avai-ao .e in the model Figure 3-7.

OVERVIEW OF AVAILABLE HELP FACILITIES

THERE ARE TWO TYPES OF HELP AVAILABLE TO THE USER:
(i) ONLINE MODEL HELP
(2) PROFESSIONAL DYNAMO HELP

(!) ONLINE MODEL HELP IS AVAILABLE TO THE USER
WHEN UTILIZING SELECTION # 3 OF THE MAIN MENU -
VARIABLE MANIPULATION. AT ANY PROMPT, THE USER
NEED ONLY TO TYPE (H)ELP (H)ELP TO GET A LIST 0F
' 7/AILABLE HELP CATEGORIES.

OESIONAL DYNAMO HELP PROVIDES THE MORE
, EXPERIENCED MODEL USER ACCESS TO 8 PD HELP TCPICS.

H:T ANY KEY TO CONTINUE

L-c"-e -7. Overview of Help Facilities

,"7
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-. Seleton 4 , On!lne Model Help Information, explains

- x ,,e oceratior. and capabilities of online model help Figure

Selection # 3 Professional Dynamo Help, presents the

-_ser a s-cmenu containing a list of the PD Help Facil.-:es

Savailable Figure 3-9. Professional Dynamo Help is listed in

"NLINE MCDEL HELP INFORMATION

THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGE-
MENT HAS THE CAPABILITY FOR EXTENSIVE, USER DEFINED,
EASILY MODIFIABLE HELP. ACCESS TO THIS HELP IS
AVAILABLE WHILE UTILIZING MAIN MENU SELECTION # 3,
'ODEL & VARIABLE MANIPULATION. THIS HELP CAPABILITY6 S A FEATURE OF PROFESSIONAL DYNAMO, DESIGNED BY
PUGH-ROBERTS ASSOCIATES, INC.

.-'. TO ACCESS AN EXAMPLE OF THIS HELP, THE USER
S:fPLY TYPES (H)ELP (H)ELP FOLLOWED BY ENTER.

HIT ANY KEY TO CONTINUE

S:mure 3-8. Online Model Helo lofformation

° .. -
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PROFESSIONAL DYNAMO HELP
THE FOLLOWING MENU PROVIDES ACCESS TOJ

PD HELP FACILITIES

1. OVERVIEW CF PD HELP"

2. DYNEX HELP

E.DITOR HELP

4.SIMULATION HELP

.. TOOLS HELP

~. RANLAT',D. HEL

JTILITIES HELP

S . VIEW HELP

Ch~oose an option: (ESC exits menu)

7iqure 3-9. Professional Dynamo Help

Pet,-rning to the main menu, we now discuss Model Menu

, Variable Manipulation. The objective of this

se~ecIo .s jefe the variables for the new user and allow

* .ma..> 3~Foc -- ese vari'ables in the Dynamica model. This=

* -~ m -- ~'~V13 tne Dynex Model Interface, written for

- - -ro'essi-nal Dy/namo's executive level

n 7;ae Dnex.

*z ~r er e a. o w h e u se r t o vie w and

'~es w Ithi th e model After Secon

~cI Mnipulation the user is presented Figure 3-10. The

r -c.Ire 3-10 is simply to acknowledge to the user

I%.
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that the selection has been activated and to prevent him from

*having to stare at a blank screen for the four to five

seconds required to load the Dynex Interface. The local time

and date will be displayed if the computer in use has a

battery powered clock/calendar.

THE MODEL IS BEING LOADED

Local Time
Local Date

Figure 3-10. Variable Manipulation

0 After the Dynex Model Interface is loaded the user will

be presented Figure 3-11.

THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGEMENT
March 1988

* . Press ENTER for a brief introduction to Model
and Variable Manipulation. It is suggested
reading for all new users of Dynamica.

. ExperiencG users will most likely want to
skip directly to Model and Variable Manipulation.
To do so type (n)o followed by Enter.

40
Press Enter or (n)o followed by Enter
to Continue

Figure 3-11. Dynex Interface Introduction

The Introduction, shown in full in Figures -12, 3-13,

3-14 and 3-15, is appropriate for new users of the Dynamica

model, but may be skipped if desired by the experienced user.

20Op#.

e,~0



The Dynex Model Interface then identifies, and defines

the 18 model variables in Figures 3-16 and 3-17 which are

available to the user to manipulate. The variables are

divided into four categories: (1) Estimated Actual Project

Size, '2, Variables Characteristic of the Organizational

Environment, (3) Policy Variables, and (4) Model Control

Var iables.

,4EL=OME TO PROFESSIONAL DYNAMO AND THE DYNAMICA MODEL
OF SOFTWARE PROJECT MANAGEMENT page 1

INTRODUCTION

[Professional Dynamo is a high level model simula-
tion language that has been used to create THE DYNAMICA
MODEL OF SOFTWARE MANAGEMENT. You need to have no
knowledge of how Professional Dynamo works to use the
model.

THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGEMENT,
here after simply referred to as DYNAMICA, is a
sophisticated simulation model designed to provide
assistance in understanding and estimating the numerous
and complex variables dynamically involved in a large

, ~software development project.

Press Enter to Continue

-4igure 3-12. Dynex Interface page I

1 . 21
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Introduction page 2

To speed you on your way, a menu system has been
developed to help you access the model which is
wri-ten in PROFESSIONAL DYNAMO. This menu allows the
user to customize the model to fit a specific software
project and conduct "what if" type experimentation.
The user may access any of 18 variables or table
values, from four cat, - ries.

Press Enter to Continue

Figure 3-13. Dynex Interface page 2

Introduct ion page 3

When addressing a particular variable, the user
na'i chose any value or use a previously defined value.
Chlanaes to variables from your last simulation are
Lut-omatically stored with your simulation results if

0 you c-hose to store your results.
Your first step after you become familiar with the

mechanics of the model will be to adjust all the perti-
nent varable- to cu3"orn'ze 'he model to repreSent any

sce4zc software croj4ect you migjht have,- i:- mind.
~tr -- e, you may us-e --,-e model "as3 is", to conduct

*your excer.4mentation In terelrationships of 'he

Press Enler to Continue

~yre 2y yre riterface page

-p1
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Introduction page 4

The DYNAMICA MODEL OF SOFTWARE3 PROJECT MANAGEMENT has
Te octentia. for extensive online helpfcltis
-erntly, ofLiy one aspect of the online help facility is

employed, that being HELP on HELP. This has been done to
demonstrate the available capability. To view the HELP on

S HELP type (h)elp followed by a space and (h)elp again
W., .followed by striking the enter/return key.

Press Enter to Continue

S Figure 3-15. Dynex Interface page 4

i
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VARIABLE MANIPULATION page

The following 18 model variables of Dynamica are
adjustable via the menu.

They are grouped in 4 categories for easy access.

* *.'< ESTIMATED ACTUAL PROJECT SIZE
RJBDSI..................... Real Job Size in DSI

* -. VARIABLES CHARACTERISTIC OF THE ORGANIZATIONAL
ENVIRONMENT
A. Productivity

2. DSIPTK ...... Delivered Source Instruction
Per Task

B. Quality
3. TNERPK.....Error Rate Per 1000 Delivered

Source Instruction
C. Staffing Variables

4. HIREDY ....................... Hiring Delay

5. ASIMDY ................ Assimilation Delay

6. AVEMPT ................ Average Employment
T' 7 7 POLICY VARIABLES

A. Estimation
7. UNDEST ....... Task Underestimation Factor

g. TOTMDI......................Total Mandays[.- 9. TDEVI..................... Time to Develop

Press Enter To See the Remaining Variables

Figure 3-16. Dynex Interface page 5

24
0'""



MODEL AND VARIABLE MANIPULATON page6

B. eScurce Allocation
13. D-'EVPRT . ... %~ of Effort Assumed Needed f-cr

Devel1opment

* .~1. TPRMQA. . ... Fraction of Manpower Devoted to

Quality Assurance

N12. INDUST ........Initial Understaffing Factor

13. WCWFl............ Willingness to Change the
Work force

14. TRPHNR........... % of Experienced Employee
Ef fort to Train a New Employee

15. AMPPS......... Average Daily Manpower/Staff
Expended on Project

MODEL CONTROL
16. MAXLEN............... Max Length of Project

17. SAVPER................ Save Period for Data

PresS Enter to See Variable Definitions
or toMan'pulate Variable Values.

Elgure 3-17. Dynex Interface page 6

2 5
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The user may select to first look at a brief explanation

C- the variables, or go directly to variable manipulation as

shown in Figure 3-18. To make a selection, type the number

--. " of the choice or choices, separating each number by a space

or a comma. -f no choice or an illegal choice is made, Dynex

will orompt the user to reenter all of his choices again.

MODEL AND VARIABLE DEFINITION AND M FPULATION page 7

Selec. one or more of the following eight topic areas.
You may chose to first look at a brief explanation of the
variables or go directly to variable manipulation.

MODEL VARIABLE DEFINITIONS
I. ESTIMATED ACTUAL PROJECT SIZE DEFINITION
2. VARIABLES CHARACTERISTIC OF THE ORGANIZATIONAL

ENVIRONMENT DEFINED
POLICY VARIABLES DEFINED

4. MODEL CONTROL VARIABLES DEFINED

MANIPULATION OF MODEL VARIABLES
5. ESTIMATED ACTUAL PROJECT SIZE
6. VARIABLES CHARACTERISTIC OF THE ORGANIZATIONAL

ENVIRONMENT
7 POLICY VARIABLES

* 8. MODEL CONTROL VARIABLES

* Enter the number(s) of your selected choices.
Separate each choice by a space or a comma.

1.jre 3-18. Dynex interface page 7

S1fr--m Figure 3-18, provides the

....... on of timated Actual Project Size Figure

" . ? Th ::er 1ie, -tomaticaily returned to the main Model

26
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Menu after reviewing the last choice selected. Let us assume

for the sake of this tour that the user has selected all

eight choices.

ESTIMATED ACTUAL PROJECT SIZE DEFINITION page 8

R SEAL JOB SIZE IN DSI .............................. RJBDSI

The real size of the software project in delivered
source inszructions (DSI) with comments. The following
definitions are from Boehm, 1981.

Delivered. This term is generally meant to exclude
nondelivered support software such as test drivers.
However, if these are developed with the same care as

* delivered software, with their own reviews, test plans,
documentation, etc., then they should be counted.

Source Instructions. This term includes all program
instructions created by project personnel and processed
into machine code by some combination of preprocessors,
compilers, and assemblers. It excludes comment cards
and unmodified utility software. It includes job

'" control language, format statements and data declarations.
" Instructions are defined as lines of code or card images.
-'Thus, a line containing two or more source statements
.
"  coints as one instruction; a five-line data declaration

counts as five instructions.

Press Enter to Continue

-'gure 3-19. Dynex Interface page 8

_7e'ction # 2, Variables Characteristic of the

3rgnoticnl Environment, presents the user the five

: 1.:- A- f~n Ions shown in Figures 3-20, 3--21, nd 322.

27
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VARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT DEFINITION page 9

DELIVERED SOURCE INSTRUCTION PER TASK .......... DSIPTK
This parameter is set to the value of the nominal

potential productivity in the organizational environ-
ment being modeled. For example, if the nominal
potential productivity is 50 DSI/Man-Day then DSIPTK
would be set to 50.

ERROR RATE PER 1000 DELIVERED SOURCE
INSTRUCTIONS (KDSI)............................. TNERPK

TNERPK is the number of errors committed on the
average, per 1000 DSI, as the software project i- being
-ee 3ced. I is not a single number but rather a table
:unc-ion. This allows the user to set different error
rartes a, different stages of the project's lifecycle.

Press Enter to Continue

Figure 3-20. Dynex Interface page 9

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT DEFINITION page 10

H RING DELAY ..................................... HIREDY
HIREDY is the average delay time, in work days,

incurred in adding new staff members to the project.

ASS MILATION DELAY ............................... ASIMDY
ASIMDY is the average time needed to assimilate newly

S:c' oersonnel into the project, measured in workdays.
-. s the time required for orientation, institutionali-

- and training.

Press Enter to Continue

.igure 3-21. Dynex Interface page 10

28
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VARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT DEFINITION page iI

A/ERAGE EMPLOYMENT ............................... AVEMPT
"AVM is the average employment time of project team

members, measured in working days. It is indirectly
proportional with TURNOVER. For example, the smaller the
,,V... the larger the turnover rate, and conversely, the
smaller the turnover rate the higher the AVEMPT.

Press Enter to Continue

"igure 3-22. Dynex Interface page 11

Selection # 3, Policy Variables, presents the user the

"ef n .tons of the seven policy variables shown in Figures

""'" 2- 3-24, 3-25, 3-26, and 3-27.

•"Selection of # 4, Model Control Variables, presents the

i,3 ;e r fhe definitions shown in Figure 3-28. The Dynex

nterfLace allows the user to adjust two model control

var- ables. These variables provide the user control over

"wo aspects of model operation.

'.'."29
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.... VAR:ABLES DEFINITIONS page 12

.............. .UNDF.

-- 7 3rLne prolem :n project managemen-.

-: 3ws tne te experiment wi:h di-ferent
neres~irna'es. Thus to simulate a situation

-...... e o r ec- size is initially underestimated by
a i , - riacle would be set to 0.25.

T?- AL MAN DAYS .................................... TOTMD1
TTMD .s the man-day estimate produced at the start

- tre project, for design, coding and system testing of

YY- E TO DEVELOP. .................................... TDEV1
.~*DVI recresents the estimated time, measured in work
[.- -]s, for the design, coding and testing stages of the

Zr: :rec t, produced at the start of the project. For example,
the initial project duration estimate was 16 months,

D=77' would be equal to (16 x 20) or 320 working days.

0-ress Enter to Continue

Figure 3-23. Dynex Interface page 12

03
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PCLICY VARIABLES DEFINITIONS page 13

peF EFFORT ASSUMED NEEDED OR 'EVELOPMENT ......... DEVRT
This variable is used to allocate the projected total

budget, measured in Man-Days, for the development (which
includes design and coding and testing phases. For
example, 4 it ;s decided that 01% of the total Man-Days
would be allocated to develooment and 20% to testing, then
DEVPRT would be set to 0.80.

FRACTION OF MANPOWER DEVOTED TO QUALITY ASSURANCE .... TPFMQA
TPFMQA is the percent of development effort allocated

.n -he ro;ect's plan for '.A activities during the design
and coding stages. It is not a single number but rather a
table function that allows the user to change the number

*.-. of Man-Days allocated to QA at different stages in the

* project lifecycle. A value of 0.20 at some point in the
project would indicate that at this point, 20% of the
Man-Day budget is allocated to QA.

Press Enter to Continue

Figure 3-24. Dynex Interface page 13

POLICY VARIABLES DEFINITIONS page 14

" i:TiAL UNDERSTAFFING FACTOR .............................. INDUST
•~ The oroject's average staffing level is equal to the
6 o.roject's total number of Man-Days divided by the project's

scheduled duration. Typically, the project will start with
-.smal core team which grows in size. This variable
-- cifIies the size of the starting group. Thus a value of

.ndicates that the startup team is half the size of the
:iverae staftf size.

,rass Enter To Continue

F.gcru_ -25. Dynex Interface page 14

31
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POLICY VARIABLES DEFINITIONS page

WILLINGNESS TO CHANGE THE WORKFORCE .................... WCWFI
-- !eciding upon a "Workforce" level desired, project

S._nagers typicaly consider a number of factors. Cne

m-or-ant 'actor is the project's scheduled completion date.
As Dart of the olanning function, management determines the
wcr&=frce LeveL that it believes is necessary to complete the
.roject on schedule. In addition to this factor, considera-
-ion is also given to the stability of the workforce. Thus,
before adding new project members, management tries to
"ontemolate the project employment for new members.
>ifferent oroanizations weigh this factor differently. In
;enera., toe relative weighing between the desire for work-
force 3-a cbit on one hand and the desire to complete the
- rt'ect on time, on the other, is not static, but changes
Synamically throughout the lirecycle of the project. For
examce, toward the end of the project there is typically
considerable reluctance to bring in new people, even if the
croec- is behind schedule. It would take too much time and
.ffort r relative to the time and effort that are remaining)
-c. "-acquint new people with the mechanics of the project,
_L nterate them into the project team and train them in the
-.nces-ary, technical areas.

[. Pre-ss Enter for More information of WCWFI

""" 32
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WCWFl DEFINITION CONTINUE page 15

p .~

_e manaaerial considerations are operational inte
m~e~ llcs: WORKFORCE LEVE NEEDED = INDICATED

4

n -he early stages of the project when "Time Remaining"
>generallv much larger than the sum of "Hiring Delay" and

the '".erace Assimilation Delay" WCWF would be equal to 1.
en i' = 1, the "Workforce Level Needed" in the above

e7t H ion would simply be equal to the "Indicated Workforce

6Le:el, .e., management would be adjusting its workforce

I" - i 4

s ze::c tine levelI it feels is needed to finish on schedule.
The ndictedWorkforce Level" can be determined by dividing
:neamontof effort that management perceives is still
re~ning (in Man-Days) by the time remaining to complete the
:rsectIn days.

"hen the "Time Remaining" decreases, ASSIMILATION DELAY
.%SIXDY: could be set to equal exactly 0. The "Workforce
-eve-, Needed" in the equation would thus be equal to the

"Trhen_ Workforce" i.e., management attempts to maintain
pro ,ne rje workforce at its current level, and make

0"d";s !n t o the schedule instead.

Press Enter to Con t inue

"gu re a-n Dynex nterace page 16
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POLICY VARIABLE DEFINITIONS page 17

TRAINERS PER NEW EMPLOYEE ........................... TRPHNR
.n most organizations, training of new employees is

carried out by the more exoerienced employees. This variable
defines the fraction of an experienced staff member's time
that is devoted to train new hirees. For example, a value of

* 0.2 indicates that on the average each new employee consumes
20% of an experienced employee's time for the duration of
the assimilation delay.

AVERAGE DALY MANPOWER PER STAFF EXPENDED
'3 PRCJ EC T ........... ............... .... ............ .ADMP PS

Project members are often only assigned part-time to
a project. ADMPPS defines the % of time that the team
members devote, on an average to the particular project being
simulated. For example, if staff members tend to divide
their time equally between two projects, i.e., half of their
time is spent on project A and the other half is spent on
project B, then ADMPPS would be = 0.5.

Press Enter to Continue

-, .

Figure 3-27. Dynex Interface page 17
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MODEL CONTROL VARIABLE DEFINITIONS page 18

mAX LENGTH CF PROJECT................................ MAXLEN
This model control variable is useful In controlling

-he simulations. It precludes the model from continuing a
simulation beyond a predetermined length, e.g., 1000 days.

"-. SAVE PE :OD FOP DATA ................................ SAVPER
'he This model control variable allows the user to adjust
tIe models save period for data for later viewing. For
example, if the user sets the SAVPER = 1, the model will save
al variable values on a daily basis, this data would be

a ilable for the user to examine and olot at the end of a
-smu-a.on. A SAVPER of 10, saves values every 10 days. This

or crovides the user with a trade off between the time required
::-fr a simulation and the level of detail of the results.

Press Enter to Continue

Figure 3-23. Dynex Interface page 18

Selections # 4-8 provide the user the opportunity to

manipulate the variables defined by the first four

.elections. When the user selects any category of model

manipulation, the current value of each variable is displayed

a7 shown in Figures 3-29 - 3-43. To change a variable enter

--he value desired and depress enter/return. If the user

'.- .oc the current value simply press enter/return.

* . n e iher case the next variable to be manipulated will be

-y'd s the iser wll be automatically returned to

Mode Menu 1f no other variables have been selected.

35
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ESTIMATED ACTUAL PROJECT SIZE VARIABLE MANIPULATION page 19

REAL JOB SIZE IN DELIVERED SOURCE INSTRUCTIONS ........ RJBDSI
Enter a new value for REAL JOB SIZE IN DELIVERED SOURCE

I'4STRUCTIONS or press enter to use the preset value. The
preset value is written using a form of scientific notation
where e3 represents x 10 to the third power. You do not have

. to enter a value in that format but be aware that the model
- will represent numbers in that format.

, 24. 4e3

Figure 3-29. Dynex interface page i9

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT MANIPULATION page 20

Enter a new value for DELIVERED SOURCE INSTRUCTIONS PER
TASK or press enter to use the preset value.
400

Figure 3-30. Dynex Interface page 20

Although most variables are a single value, some of the

*: variables have more then one value and are referred to as

"':le vailues. Examples of table values are shcwn in Figures<.:-i.:s

13-31.1, 3-36, 3-38 and 3-40. Figures 3-31, and 3-31. 1

...- ch value cy either a space or comma, before depressinj

..nr/return. Table values generally represent variables

whose values change over time. Dynex will prompt the user to

36
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respond again if an incorrect number of variables are

entered. The method of entering multiple variables is the

same as selecting multiple choices from a Dynex Menu, each

choice must be separated by a space or a comma.

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT MANIPULATION page 21

Enter a new value for ERROR RATE PER 1000 DELIVERED
SOURCE INSTRUCTIONS or press enter to use the preset table

a easses.

3 4 a

Figure 3-31. Dynex Interface page 21

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT MANIPULATION page 21

Enter a new value for ERROR RATE PER 1000 DELIVERED
.SURCE INSTRUCTIONS or press enter to use the preset table

-) 2 5 a
4G

24.0 22.3 20 75 15.25 13.1 12.0

Figure 3-31.1. Dynex Interface page 21

37
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VARIABLES CHARAC.ERISTIC OF CRGANIZATIONAL
ENVIRONMENT MANIPULATION page 22

Enter a new value for HIRING DELAY or press enter to use
-he preset value.

Figure 3-32. Dynex Interface page 22

V; ARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT MANIPULATION page 23

- Enter a new value for ASSIMILATION DELAY or press enter
*. to use the preset value.

Figure 3-33. Dynex Interface page 23

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL
ENVIRONMENT MANIPULATION page 24

E nter a new value for AVERAGE EMPLOYMENT or press enter

S::se the preset value.

.iure --l4. 2ynex interface page 24
5'oa
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The user is provided two methods of entering values for

te variables Total Man-Days and Time to Develop as shown in

Figure 3-35. The values may be entered directly, similar to

t:he other variables or the user may elect to have the model

=p; oh values using COCOMC.

POLICY VARIABLE MANIPULATION page 25

7or assigning values to TOTAL MANDAYS and TIME TO
DEVELCP the user may either:

1 Calculate the two values external to the model
4 and input them directly at the prompt below.

OR

2. Allow the model to calculate the two values
internally utilizing COCOMO by imputing 0 for
each of the 2 variables at the COCOMO
PROMPT.

T'DTMD l 1111
D FV 1 320.-0

COCOMO PROMPT:
Enter I at the next two prompts to allow COCOMO to compute

TOTMDI AND TDEVl. OR enter 0 to use your own values input
above.

I

Press Enter to Continue

* .Fur9 -. 5 Dynex Interface page 25
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POLICY VARIABLES MANIPULATION page 26

-ner a new set of table values for the TASK UNDER
"-EST:MArM FACTOR or cress enter to use the preset value.

" 4 5 6 9 9 10 11

Figure 3-36. Dynex Interface page 26

POLICY VARIABLES MANIPULATION page 27

--Enter a new value for % OF EFFORT ASSUMED NEEDED FOR
-Z'.'LOPMENT or press enter to use the preset value.

FLgure 3-37. Dynex Interface page 27

POLICY VARIABLES MANIPULATION page 28

.9r - nw value for FRACTION OF MANPOWER DEVOTED TO
.: 'AS2PANCE or press enter to use the preset value.

Figure 3-38. Dynex Interface page 28

40



POLICY VARIABLES MANIPULATION page 29

* Ente a new value for INITIAL UNDERSTAFFING FACTOR or
press enzer to use the preset value.

Figure 3-39. Dynex Interface page 29

-"'"POLICY VARIABLES MANIPULATION page 30

Enter a new value for WILLINGNESS TO CHANGE THE WORKFORCE
cr press enter to use the preset table values.

3 4 5 6 7 8 9 10 11 12 13 14

Figure 3-40. Dynex Interface page 30

~** 4* **** ******** *****WWWWW***W************WWW WWWW**

POLICY VARIABLES MANIPULATION page 31

•" Enter a new value for PERCENT OF EXPERIENCED EMPLOYEE
777FRT TO TRAIN A NEW EMPLOYEE or press enter to use the

S

'igure 1-41. Dynex Interface page 31
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POLICY VARIABLES MANIPULATION page 32

-Ener a new value :or AVERAGE DAILY MANPOWER PER STAFF
EPENDED PROCT TRAIN A NEW EMPLOYEE or press enter

-ise -he oreset value.

Figure 3-42. Dynex Interface page 32

MODEL CCN.ROL VARIABLE MANIPULATIONS page 33

Enter a new value for MAX LENGTH OF PROJECT or press
ent.er to use "he preset value.

Figure 3-43. Dynex Interface page 33

MODEL CONTROL VARIABLE MANIPULATIONS page 34

Enter a new value for SAVE PERIOD FOR DATA or press
enter to use the preset value.

S

-.igure 1-44. Dynex Interface page 34

42
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_-gure 3-44 's the last screen in the Dynex 'lodel1

:--erface. :he user is automatically returned to the main

Mce1 Aenu.

A. fer ret urning to the main Model Menu, selection # 4,

~1.~.-Lon, al~ows the user to run a model simula:z.on

wL-n -'re varable values selected via main Model Menu

Ze'ec:_'n # 3. Af-ter selecting Run Simulation the user views

z '(qure 3-45 wh~le the Dynamica model is prepared for

3unaa: 'D f.

:-HE MCDEL IS BEING PREPARED FOR A SIMULATION

Local Time
Local Date

F49ure 3-45. Run Simulation

Af~er loading the Dynamica model automatically runs the

_ Lon conclusion of the simulation run, the user

rna:ca~vreturned to the main Model Menu.

o' f Model Menu # 5, To Store and Print Results,

~1: :ee user access to the suhmenu shown in Figure 3-46.



TO STORE AND PRINT RESULTS
THIS MENU ALLOWS THE USER TO STORE AND PRINT

SIMULATION RESULTS

1. STORING STATISTICS

. PROTING RESULTS

3. PRINTING YOUR RESULTS

Choose an option: (ESC exits menu)

Figure 3-46. ", Store and Print Results

The user is provided three submenu selections in Figure

3-46: (1) Storing Statistics, (2) Plotting Results and (3)

Printing Your Results.

if # 1, Storing Statistics is selected, the model

* .!7collects statistics from the previous simulation and places

them in a predefined report format. This report format may

te ad]usted utilizing Professional Dynamo, to suit the user's

needs. This report may then be stored under a file and in a

--rectory of the user's choice for future reference Figure

-- 47. Any changes to variables from the previous simulation

r.w ill be appended and stored at the bottom of the report.

2-4
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'3. "RE ' T ARE BETNG STORED TN THE PROPER FORMAT

-cca- Tme
Local Date

,LEASE ENTER THE FILE NAME YOU DESIRE FOR THIS REPORT.
-T SUGGESTED THAT YOU NAME YOUR FILES IN A MANNER

<.- WLH 7 ALLOW THE MAXIMUM BENEFITS OF THE DOS
i: L:ARD FEATURE WHEN MANIPULATING YOUR FILES.

EXAMPLE: (PROJECT.*)

-cE: THANGES MADE TO VARIABLES ARE APPENDED TO THIS
.LE. FOR EXAMPLE IF HIRING DELAY WAS CHANGED
FROM 30 TO 40, THAT INFORMATION WOULD BE STORED
AT THE END OF THE REPORT.

7',ITER THE FULL PATH NAME OF THE :RECTCY WEE
CULD LIXKE THE RESULTS STORED.

Figure 3-47. Storing Statistics

A: the conclusion of Storing Statistics, the user is

iarna:La'ca>iy returned to Figure 3-46.

Selecting # 2, Plotting Results, provides the user access

-t 'he sutmenu shown in Figure 3-48.

PLOTTING RESULTS
7HE FOLLOWING MENU ALLOWS THE USER TO VIEW AND

SAVE 4 PREDEFINED PLOTS

- 1. OVERVIEW PLOTTING FUNCTIONS

P . PLOT I

3. PLOT 2

. , P LOT 3

'<- , LOT 4

•aoc -, . n option: (ESC exits menu)

7 , .re 3-48. Plotting Results
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o ere 3re e seectjons available in F gure 3-48.

-- 7zi , Overview of the Plotting Functions, provides

The ~ser an introduction to the origin and purpose of a set

-_ tour credefined plots, selections # 2-5 Figure 1-49.

-.- -c:7 an oft he crecefined plots presen-s the ioser a

tone variables plotted by that selection Figures 3-50,

-- , 3-52 and 3-52. The variables are then plotted and toe

- user is given the option of printing the plot if so desired.

40

OVERVIEW OF PLOTTING FUNCTIONS

he Dynamica model can create plots of preselected
.. 7r~acles. Each Plotting function, contains a list of the

.arcables lotted bv that menu selection. Viewing a plot is
-- mply matter of selecting the number of the plot desired.

These plots may be printed using the print "function of the
;.._c : -ed menu.

HIT ANY KEY TO CON'ii-NU

Figure 1-49. Cverview of Plotting Functions
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PLOT I

- .?LOT I ZRAPHS THE FOLLOWING VARIABLES:

ESTIMATED SCHEDULE IN DAYS

H - S3. .... . . . .. PERCEIVED PROJECT SIZE IN TASKS

JBSMD . . . . ... MATED PROJECT COST IN MAN-DAYS

IT ................. TCTAL WCRKFORCE PEOPLE

['-.4D. . .. ........ CUMULATIVE MAN-DAYS EXPENDED

HAVE AN EGA CARD TYPE (Y)ES IF NOT TYPE (N)O.

Figure 3-50. Plot 1

PLO' 2

.FST, A JU:CK REVIEW OF THE VARIABLES 6EING

......... . .. ..........CUMULATIVE TASKS DEVELOPED

. .. .......... CUMULATIVE TASKS TESTE

. . . "... CUMULATIVE MAN-DAYS EXPENDED

I........... PERCEIVED PROJECT SIZE IN TASKS

............... .... ESTIMATED % DEVELOPMENT COM ...

-. " . r{AVE AN EA CARD TYPE (Y)ES IF NOT TYPE (N)O.

6 Figure 3-51. Plot 2
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PLOT 3

FIRST, A QUICK REVIEW OF THE VARIABLES BEING PLOTTED:

W..................TOTAL WORKFORCE

FRWFEX............FRACTION OF WORKFORCE THAT IS
'-2 EXPER IENCED

SCVPRD....................PRODUCTIV TITY

COMMOH...............COMMUNICATION OVERHEAD

IF YOU HAVE AN EGA CARD TYPE 'Y)ES 1F NOT TYPE N.

Figure 3-52. Plot 3

PLOT 4

FIRST, A QUICK REVIEW OF THE VARIABLES BEING PLOTTED:

AFMPDJ..........ACTUAL FRACTION OF A MAN-DAY ON

PROJECT

JBSZMD......... . PERCEIVED TOTAL JOB SIZE IN
MAN-DAYS

P JSZ..................PERCEIVED JOB SIZE IN TASKS

PMDSHR.........PERCEIVED SHORTAGE IN 'IAN-DAYS

6 :F YOU HAVE AN EGA CARD TYPE (Y) ES IF NOT TYPE 'C

* Figure 3-53. Plot 4
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When the user is finished with the plotting functions,

pressing the escape key returns Figure 3-46 to the screen.

The last option available to the user in Figure 3-46 is

selection # 3, Printing Your Results. Selection of choice 4

3, Printing Your Results, allows the user to print any files

*.< to an attached orinter. The user is asked to type only the

name of the file to be printed. The use of DOS wildcard

symbols is suggested to aid in printing large numbers of

---es at a time Figure 3-54. The DOS command graohi:s 'as

. teen entered ro the user, to allow the use of bit maped

7raphics for suitably configured printers.0

PLEASE ENTER THE FULL NAME OF THE FILE YOU WOULD LIKE
PRINTED. YOU MAY USE DOS WILDCARD C ) SYMBOLS FOR
PRINTING MORE THEN ONE FILE AT A TIME.

OTHERWISE, PLEASE TYPE (Q) TO QUIT.
EXAMPLE: (MONDAY.*)

Figure 3-54. Printing Your Results

STy!ping Quit returns the user to Figure 3-46. To return to

.he main Model Menu press escape.

Selection of # 6, from the Model Menu, View Results and

-r.nt ;raphs, allows the user to view statistical results on

,ry n 43 performance parameters measured for each

7-milarion or create graphs for any of 30 variables. After

* £electlng 6, t-e user is queried as to the graphics card

49
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capability of the computer in use Figure 3-55. This allows

graphs to be displayed and printed at the maximum resolution

for the equipment in use.

V. YOUR RESULTS ARE BEING PREPARED FOR VIEWING

:EF YOU HAVE AN EGA GRAPHICS CARD TYPE (y)
FOLLOWED BY ENTER.

IF YOU DO NOT HAVE AN EGA CARD TYPE (n)
FOLLOWED BY ENTER.

Figure 3-55. View Results and Print Graphs

The user may return to the main Model Menu by pressing escape

or quit at the prompt after making any number of graphs

desired.

The final selection of the main Model Menu is # 7, Exit

To Dos. This selection simply returns the user to the DOS

prompt in the directory where the user interface is stored.

To return to the Model Menu, type (menu) and depress

rte r /return.

Sso
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IV. SYSTEM ARCHITECTURE

A. ,VE?7l=- CF THE SYSTEM ARCHITECTURE

system arcntecture overview of the user interface

created in this thesis is depicted in Figure 4-1. There are

-hree interrelated subsystems represented at this level, the

Model Menu, the Dynamica model and the Dynex Model Interface.

MODEL MENU

' DYNAMICA MODEL DYNEX MODEL INTERFACE

Run Simulation Variable Manipulation

Sotore and Print Results
View Results and Print Graphs

0I Figure 4-1. Overview of System Architecture

The heart of the system is the Dynamica model. The

>ynamica model, written in Professional Dynamo, allows the

'lynamIc processing of variables from management-type

* [jfunctions and software production type activities. The Model

-menu allows the inexperienced modeler, access to the Dynamica

-. 51
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model directly to perform the numerous model functions

available through Professional Dynamo (e.g., run simulations,

store and plot statistics and to view simulation results).

The Dvnex Model Interface is unique in that it allows the

user to interact with the Dynamica model (e.g., changing the

vaiues of variables and constants). The Model Menu accesses

''- te Dynamica model via the Dynex Model Interface to allow the

user to manipulate variable values within the Dynamica model.

W?. 7'S MENU

-he Model Menu is a shell which allows the logical

* r :',an:za--on by function, of 24 separate batch files.

-he Model Menu utilizes the nesting of submenus to enhance

.te f~nctona~ oraanization of the menu. For example, if # 2

ALs selected from the main Model Menu, the

-s cresented a submenu of three help related topics.

S ctiu-n of # 3, Professional Dynamo Help, from this second

menu presents the user with a submenu of eight Professional

S'.,amo Help topics to choose from.

M odel Menu has five functionally related submenus,

. " duction to the Model Menu, Help Facilities, Professional

.. e and Print Results, and Plotting

" ,'ng the number of any menu selection initiates a

. .. .. h h either performs a function (e.j., selection

.- ,, , '... i n, runs a model simulation or produces

. : , " -ddktional choices. The 24 batch files are

--. frzm t menu ,shell and are easily modified. The

52
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submenus are part of the shell structure as listed in

.Appendix B and require the use of the EXECMAKE function of

EBL to be modified.

The name of the batch file which initiates the menu

program is menu.bat. It performs the following functions:

(1) turn echo off, (2) enters the DOS command graphics, (3)

oa(ds the BATALLF command file from EBL and (4) brings the

main menu, titled MODEL MENU to the display. The BATALLF

*command file contains the Extended Batch Language program and

all external EBL function commands (Ref. 8:pp. 2-5].

The Model Menu was written using the EXECMAKE function of

Extended Batch Language, Version 3 [Ref. 8:p. 10]. EBL is a

high level, command programming language which can be used in

%A replacement of, or in conjunction with DOS batch files (Ref.

* -9:p. 2]. EBL provides enhanced string handling

.. characteristics, superior control structures and screen

control relative to standard DOS batch files (Ref. 9:pp. 2-

3].

The 24 batch files have been divided into three

categories based on their functions in the Model Menu. They

are discussed separately in the following three sections. A

Srogram listing of the batch files has been provided in

Batch File Explanations of Model Functions

Fourteen of the twenty-four batch files called by

O. -he Model Menu are script files which provide the user

!-3
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instructions or background information on the use of the

Synamica model and the user interface Figure 4-2. All of

these script files, except for Professional Dynamo Help were

created for this thesis using the advanced string handling

characteristics of EBL.

1! Figure 4-2 depicts the batch files that provide the

explanation screens of menu options discussed in Chapter III.

BATCH FILES

introduction to the
M odel Menu

Purpose of the Model
Menu Purpose. bat

Hardware/Software
Requ irements Hardwar .bat

Suggestions for
Using the Menu Suggest.bat

-iii Fire 4-2. Batch File Explanations of Model Menu Functions

2. Help Batch Files

Professional Dynamo Help provides the user access to

the help facilities provided within Professional Dynamo

0 [Ref. 10. These help facilities provide valuable

:nformatlon to the experienced model builder on the operation

of the model. The batch files which access the eight

7 secarate Profess5ional Dynamo help files are listed in Figure

4-?. jsrs ),ew these eight separate help files via the

- m cn software program, List.,com. List.com allows
S.5
e0
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The user to page or scroll through the files, forwards or

backwards, after they have been accessed from the Model Menu

. [Ref. 11].

MOLMEN-U- BATCH FTLES

Professional Dynamo
Help

Overview of PD Help PD.bat

Dynex Help Dynex.bat

Editor Help Editor.bat

Simulation Help Simhelp.bat

Tools Help Tools. bat

* Translator Help Transhel.bat

Utilities Help Utilhel.bat

View Help Viewhel.bat

To Store and Print Results
Plotting Results
Over of Plotting
Funcitons Overview. bat

Helo Facilities
Over of Help
Facilities Over.bat

Online Model Help

information Help.bat

Figure 4-3. Help Batch File

, patch Files for Printing Simulation Results

, As a convenience to the user, a file printing

- c~lity was created and included in the menu system to allow

the user ti produce hard copies of simulation results with an

attached printer. The print.bat file see Figure 4-4 was
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written using DOS and EBL commands. A public domain software

program, SDIR26.com, is utilized in the batch file to produce

the directory display the user views (Ref. 12).

MODEL MENU PRINTING FILES

Printing Your Print.bat prints files using
Results DOS commands

Figure 4-4. Model Menu - Printing Files

i. THE DYNAMICA MODEL

The Dynamica model, was originally written by Dr. Tarek

K. Abdel-Hamid, while at the Massachusetts Institute of

Technology [Ref. 131. The Model Menu accesses the Dynamica

model directly via the seven separate batch files listed in

Figure 4-5, or indirectly via the Dynex Model Interface.

The seven batch files shown in Figure 4-5, call commands

within the Dynamica model. The Dynex Model Interface is

explained in part D. of this chapter.

2% Explanations of the Dynamica model commands shown in

7igure 4-5, which would be useful to the experienced model

builder, can be found in the Professional Dynamo Help

--r -ens

56

b 2..22-



MQ ME-N U PROFESSIONAL DYNAMO

COMMANDS

Ran S_.ul ations Runsim.bat smlt project -go =

Store and Print
, -. Resul ts

Storing Statistics Simulat.bat project stats
.'-. Pl ttin Resuit

Functions
' Plot 1 Plotl.bat rep project plotl

Plot 2 Plot2.bat rep project plot2
Plot 3 Plot3.bat rep project plot3
Plot 4 Plot4.bat rep project plot4

:ew Results and Print
-raphs Viewsim.bat view project.rsl

Figure 4-5. Model Menu - Dynamica Model

D. THE DYNEX MODEL INTERFACE

The Dynex Model :nterface, was written for this thesis in

ynex, the high level model interface language of

Professional Dynamo. Dynex was specifically designed to

a ow the experienced model builer to create an environment

fr model operation specifically suited for a certain skill

e':e. of user. Mose often, the model builder creates a

'.me tYe of format, which allows the model to be used by

-nexcerienced modelers. Dynex allows the model builder to

- fi-es which execute Professional Dynamo commands,

..- scar nt ly to the user [Ref. 10:p. 1811.
e

-. Wen Synex files are invoked, model functions are

r'. fiormedi -itmaticially for the user. The experienced model

I ader can use Dynex to make a model available for users in
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s tructured and easily understandable framework [Ref. 10:p.

'S''. He can provide information on model operation to a

*. user, at a level commensurate with the user's abilities and

experience level.

Dynex is unique in that it allows the user Eo access the

variables within a simulation model written in Professional

Dynamo. In contrast, the batch files written for the user

interface, perform "house-keeping details", and execute

numerous commands for the convenience of the user.

.,e Model Menu system accesses Dynex Model Interface via

"he single batch file shown in Figure 4-6.

MDEL MEN DYNEX MODEL INTERFACE

Variable Variabl.bat project dynex
Ma n iou I a t io n

Figure 4-6. Model Menu - Dynex Model Interface

. .ter the user has completed using the Dynex Model

.~>r :i.ee, he she will be returned automatically to the main

Oj,

0 .".
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V. CONCLUSIONS

. A. ACCOMPLISHMENTS

The primary objective of this thesis was the development

, of a user interface for the Dynamica Model of Software

Project Management which would: (1) make the Dynamica model

easier to use, (2) improve the model's facilities for

accessing, storing and reviewing simulation results and (3)

improve T-he current method of variable manipulation.

A menu system was created to outline and provide easy

access to the major functions of the Dynamica model. A help

system was provided along with numerous script files

explaining model functions. Facilities were provided to

allow the user to store, plot or print simulation results.

Viewing simulation results was also made easier. Most of

these improvements were done with the use of DOS and EBL

ba'ch files in conjunction with the model menu. The user is

able -c select a desired function using the Model Menu system

-3.d have The batch files perform the low level work.

model interface was programmed in Dynex to control and

• mcroe The access and manipulation of varaibles in the

* •. TJin~ca model

"h ... ser Inter ace for the Dynamica model was designed

b in iterative process of prototyping and testing. This
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methoc ,o design was successful but time consuming. The

testinq of the prototype systems often revealed flaws that

ctn-erwise iere not readily apparent. For example, early

cr- otvces did not provide the user with an adequate amount

:-eedback after menu selections. It was recognized that

periods of "dead time" on the users display, while files were

- aoed or DOS commands were being executed, gave the

impression to the user that the interface was not functioning

properly. Since these commands and DOS functions could not

2.2 sped up, the dead periods were replaced with screens

which provided the user assurances that the model was

.unctioning normally.

Secondly, to offset the time consuming process of

.2 totyp:ng a system design of this nature, the designer is

zes- served by creating and experimenting with only the shell

the proposed system. Only after the design of the shell

h~s met with approval via testing should the designer begin

4tin:g the modules called by the shell.

r- iinally, the 24 batch files were part of the Model

ea -he oreated with the EXECMAKE facility of EBL. Editing

-nv batch file required that the Model Menu shell be

* .~arly adjusted, a time consuming pr-cess. This editinc

r-;" er '<:i - soed by having the Model Menu contain only

e ~ ilesz The 24 3eroarate batch f Iles a

'-"."< r,:',, r~e e, ,A indr -
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_astly, early prototypes of the Dynex Model Interface

were found to include more information for the user then was

sutable for that format. Much of this information, belonged

mcre aopropriately in a user or reference manual format.

... T.RE DRECTION

" ere are many areas available for future research. These

areas fall under two general categories, the refining of the

current interface, and expanding the capabilities of the

Ln"e n raze.

There are many areas in the current interface that need

f reinement or expanding. Keeping in mind that the major goal

of the Dynamica model is for users to develope a better

understanding of the dynamic behavior of software project

U." -oar ables, improved methods of storing and analyzing the

.. -"s of numerous simulations are needed. One suggestion

-s to use the Professional Dynamo, Report Generator

lities to plot the results of variables from multiple

simuoa:ons. Another is to provide the user the capability

7.;< se cpots or graphs in files of the user's choosing.

current s,/stem also needs the development of a more

er r .-..nua. user s manual should provide

o, Ied iufrmation on the Dynamica model as well as the

user ....er ce. Lts goal should be to helm

7] r4 I-) nt'he Dynamica model to best suit

'd T do this would require an extensive,

.
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detailed manual with numerous examples. It would require the

compilation of reference information from Professional

Dynamo, EBL, and the Dynamica model.

User comments should also be collected and studied to

determine problem areas of the interface in its current form.

Users should be queried as to what other variables or

capabilities they would like made available.

Dynex also has the capability for the creation of

S- extensive online help facilities. These help facilities are

-vaiable when the user is operating within the Dynex model

"interface. Suggested topic areas for this help would include

inputing variable values (for both single value variables and

table variables), saving and printing simulation results

"plotting, graphs and report generation) and the explanation

of Dynex error codes.

Finally, a more ambitious suggestion would be to include

the Intermediate Constructive Cost Model (COCOMO) in the user

interface [Ref. 14:p. 58]. COCOMO is a generic name for a

hLearchy of software cost-estimation models. The intermediate

level of COCOMO uses 15 cost drivers or predictors to

estimate software development effort. Research for this

tesis, would suggest two possible implementation schemes.

Oirst and most preferable, would be to incorporate the COCOMO

v >~bles r nd their equations into the Dynamica model using

Prvofessional Dynamo. These variables could then be accessed

via the Dynex Model Interface. A second option would be to

" 652



wr' e a or BASIC program which would accept variable values

and perform the required COCOMO calculations. This program

-would be called by the Model Menu, via a DOS batch file.

-his DCS batch file would ilso return the variables

calculated by COCOMO to the Dynamica model. The first option

would be preferred for its speed, ease of operation, and the

Lncreased flexibility provided the system designer and the

user. Using eigher option mentioned, would allow the user to

refine a basic COCOMO development effort estimate.

Dynex allows the use of arithmetic expressions of

parameter names and numbers within the display of text. An

experienced model builder could therefore create a "learning

* "'" game" where user predictions could be matched against the

cuantitatively produced COCOMO estimations. The user could

then select the values of his choice for use in the Dynamica

mrrdel, and be provided rapid feedback on the consequences by

running a model simulation.

63
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APPENDIX A

BATCH FILES PROGRAM LISTING

BAT CLS
ECHO OFF
BAT REM FILE NAME: VARIABL.BAT
BAT BECTYPE
\aCA

THE MODEL IS BEING LOADED

BAT TYPE TIME( C
BAT TYPE DATEO
DYNEX PROJECT

BAT CLS
ECHO OFF
BAT REM FILE NAME: RUNSIM.BAT
DA 7 CLS
BAT BEGTYPE

*~ \A

* THE MODEL IS BEING PREPARED FOR A SIMULATION

ED

BAT TYPE TIME( C
OBAT TYPE DATEO

SMLpPOJECT -GO

64
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BAT CLS
ECHO OFF
BAT REM FILE NAME: VIEWSIM.BAT
BAT OLS

,OA

YOUR RESULTS ARE BEING PREPARED FOR VIEWING
4J

IF YOU HAVE AN EGA GRAPHICS CARD TYPE (y)
FOLLOWED BY ENTER.

IF YOU DO NOT HAVE AN EGA CARD TYPE (n)
FOLLOWED BY ENTER.

END
BAT INKEY %0

*. BAT IF Y = %0 THEN GOTO EGA
BAT ELSE GOTO OTHER

:EGA
VIEW PROJECT.RSL -PLM 6
BAT CLS
BAT EXIT

OTHER
VIEW PROJECT.RSL
BAT EXIT
ECHO OFF
BAT REM FILE NAME: PURPOSE.BAT

WELCOME

WELCOME TO THE MODEL MENU ! JUST BRIEFLY, LETS
DISCUSS WHAT THE MODEL MENU IS AND WHAT IT ISN'T, TO

HOPEFULLY AVOID ANY CONFUSION AS YOU BEGIN TO FAMILAIARIZE
YOURSELF WITH THE DYNAMICA MODEL OF SOFTWARE PROJECT
MANAGEMENT.

COMPONENTS OF THE MODEL MENU

THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGEMENT
IS A SOPHISTICATED SIMULATION MODEL WRITTEN BY DR. TAREK
K.ABDEL-HAMID, IN PROFESSIONAL DYNAMO. PROFESSIONAL
DYNAMO (ABBREVIATED PD ) IS A HIGH LEVEL SIMULATION
LANGUAGE CREATED BY PUGH - ROBERTS ASSOCIATES, INC.

ACCESS TO THE SYSTEM DYNAMICS MODEL OF SOFTWARE
MANAGEMENT IS PROVIDED BY THE MODEL MENU. THE MODEL
MENU WRITTEN USING EXTENDED BATCH LANGUAGE, DOS
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COMMANDS, SEVERAL PUBLIC DOMAIN BATCH FILE UTILITIES AND
THE PD INTERFACE LANGUAGE DYNEX, HAS BEEN DESIGNED TO
EASE AND SPEED USER ACCESS TO THE MODEL AND AID IN
THE MANIPULATION OF SIMULATION RESULTS.

HIT ANY KEY TO CONTINUE.
- - END

BAT INKEY
BAT
ECHO OFF
BAT REM FILE NAME: HARDWAR.BAT
BAT CLS
BAT 3EGTYPE

HARDWARE AND SOFTWARE REQUIREMENTS.

.... An DWARE:-

THE MODEL REQUIRES AN IBM OR IBM COMPATIBLE XT/AT
MICROCOMPUTER, WITH 640 K OF RAM AND A HARD DISK OR

0 •1.2 MEG FLOPPY.
EXECUTION OF MODEL SIMULATIONS IS A VERY

NUMERICALLY INTENSIVE OPERATION. THE EXECUTION SPEED
INCREASES TREMENDOUSLY WITH THE USE OF A MATH
CO-PROCESSOR CHIP.

THE MODEL PROVIDES SUPPORT FOR THE MOST COMMON
GRAPHIC DISPLAY MODES, MDA, CGA AND EGA. THE MODEL'S
*USE OF COLOR IS DESIGNED TO ENHANCE USABILITY BUT IS
NOT A REQUIREMENT.

SOFTWARE:

THE MODEL REQUIRES MS OR PC DOS 2.xx OR GREATER.
CHECK TO MAKE SURE ALL THE FILES LISTED ON THE SYSTEM
DISK ARE PRESENT IF ANY PROBLEMS ARISE.

* HIT ANY KEY TO CONTINUE

SBAT N KEl
BA:T CLS

ECHO OFF
* BAT REM FILE NAME: SUGGEST.BAT

. '-', rL'
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SUGGESTIONS ?

THE FIRST RECCOMENDED ORDER OF BUSINESS FOR ALL
NEW USERS IS TO FAMILIARIZE YOUR SELF WITH THE MODEL MENU.
TAKE A FEW MOMENTS AND EXPLORE ALL THE MENU SELECTIONS.
THERE IS NO NEED TO ENTER DATA OR RESPOND TO ANY OF THE
QUERIES, JUST SCAN THE SCREENS AND HIT ENTER OR ANY KEY AS
PROMPTED TO CONTINUE. THIS WHOLE PROCESS SHOULD ONLY TAKE
YOU 10 MINUTES OR SO. WRITE DOWN ANY QUESTIONS THAT COME TO
MIND AS YOU SCAN.

IF YOUR QUESTIONS ARE BEGINING TO DEAL MORE WITH HOW

AM I GOING TO USE DYNAMICA TO BETTER UNDERSTAND SOFTWARE
PROJECT MANGEMENT AND HOW CAN I CUSTOMIZE IT, IT IS TIME FOR
YOU TO GO TO THE NEXT STEP.

HIT ANY KEY TO CONTINUE
END
BAT INKEY

*BAT CLS
BAT BEGTYPE

REVIEW THE MODEL VARIABLE
DEFINITIONS

IF YOU PLAN TO USE THE MODEL TO SIMULATE A
PARTICULAR SOFTWARE PROJECT THAT YOU HAVE DATA ON, THE

MODEL SHOULD BE CUSTOMIZED TO REFLECT THAT PROJECT. YOUR
FIRST STEP TOWARDS THAT GOAL IS TO DISCOVER WHAT VARIABLES
ARE AVAILABLE IN DYNAMICA AND WHAT THEY REPRESENT IN THE
MODEL. YOU AND THE MODEL HAVE TO UNDERSTAND ONE ANOTHER.
FOR EXAMPLE, IF HIRING DELAY IS A VARIABLE YOU WISH TO
ADJUST, YOU MUST UNDERSTAND HOW IT IS DEFINED BY THE MODEL.

HIT ANY KEY TO CONTINUEUi END
EA IN K
B AT INKEY
BAT CLS
7BAT BEGTYPE

THE QUANTITATIVE TYPES READING THIS ARE ALREADY
SAYING TO THEMSELVES, WHY DON'T THEY GIVE US THE EQUATIONS
THE MODEL USES, THEN I CAN REALLY FIGURE OUT WHAT'S GOING ON.

* UNFORTUNATELY, TO DO THAT WOULD REQUIRE THAT YOU BECOME
FAM IIAP WITH FAR MORE VARIABLES THEN THE 20 PRIMARY
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VARIABLES ADJUSTABLE VIA "'HE MENU, LIKE ROUGHLY 150 MORE, AND
ECA7S " "., :S A DYNAMIC MODEL THE RELATIONSHIPS VARY

THROUGHOUT THiE LIFE OF THE SOFTWARE PROJECT. THATS WHY
COMPUTER MODELS ARE SO VALUABLE. IN A FEW MINUTES TIME, THE
M'DEL VARIABLES CAN BE ADJUSTED AS YOU SEE FIT, A SIMULATION
-AN BE RUN WITH THOSE VARIABLES AND RESULTS STORED ON OVER

* -. __UANTTATIVE MEASURES OF PROJECT PERFORMANCE.

HIT ANY KEY TO CONTINUE
EAT N K 0

PZ.-i.

SAT CUS
ECHO OFF
BAT REM FILE NAME: OVER.BAT
BAT C-.q
"AT SE O-TPE

OVERVIEW OF AVAILABLE HELP FACILITIES

THERE ARE TWO TYPES OF HELP AVAILABLE TO THE USER: (1)
ONLINE MODEL HELP AND (2) PROFESSIONAL DYNAMO HELP.

ONLINE MODEL HELP IS AVAILABLE TO THE USER WHEN
UTILIZING SELECTION # 3 OF THE MAIN MENU - VARIABLE
MANIPULATION. AT ANY PROMPT, THE USER NEED ONLY TO TYPE
"H)ELP (H)ELP TO GET A LIST OF AVAILABLE HELP CATEGORIES.

PROFESSIONAL DYNAMO HELP PROVIDES THE MORE EXPERIENCED
MODEL USER ACCESS TO 8 PD HELP TOPICS.

"-

HIT ANY KEY TO CONTINUE
END
BAT INKEY

* BAT CLS

ECHO OFF
BAT REM F.'E NAME: HELP.BAT
BAT CLS

TBA BEG'YPE

ONLINE MODEL HELP INFORMATION

" -.6 8-. -.." .-
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THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGEMENT
HAS THE CAPABILITY FOR EXTENSIVE, USER DEFINED, EASILY
!!OD:FIABLE HELP. ACCESS TO THIS HELP IS AVAILABLE WHILE
U~TIIING MAIN MENU SELECTION # 3, MODEL & VARAIBLIE

MANIRULAT':ON. THIS HELP CAPABILITY IS A FEATURE OF
PROFESSIONAL DYNAMO, DESIGNED BY PUGH-ROBERTS ASSOCIATES,

TO ACCESS AN EXAMPLE OF THIS HELP, THE USER SIMPLY

TYPES (H)ELP (H)ELP FOLLOWED BY ENTER.

HIT ANY KEY TO CONTINUE

END
BAT INKEY

BAT RE, IE AE SIMULAT.BAT
BAT OLS
EA: BEGTYPE

._[UR RESULTS ARE BEING STORED IN THE PROPER FORMAT

-'?PE TIME( C)
EATi TYPE DATE(

EPPROJECT STATS

RAT BEGTYPE

-N'7EP THE FILE NAME YOU DESIRE FOR THIS REPORT .
:~( UOE T ED THTYOU NAME YOUR FILES IN A MANNER

iHT WILL ALLOW THE MAXIMUM BENEFITS OF THE DOS

TEAHPEWHEN MANIPULATING YOUR FILES.

-XAtMPLE: (PROJECT. *)
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NOTE:
CHANGES MADE TO VARIABLES ARE STORED IN THE
FILE. FOR EXAMPLE IF HIRING DELAY WAS CHANGED
FROM 30 TO 40, THAT INFORMATION WOULD BE STORED
AT THE END OF THE REPORT.

~END

BAT READ %0
BAT CLS
EAT BEGTYPE

\OA
ENTER THE FULL PATH NAME OF THE DIRECTORY WHERE YOU
WOULD LIKE THE RESULTS STORED.

-N D
BAT READ %1
REN PROJECT.OUT %0

*0 COPY %0 + PROJECT.WAS
COPY %0 %1
ECHO OFF
BAT REM FILE NAME: PRINT.BAT
BAT CLS

~3 '6

BAT TYPE HIT ANY KEY TO CONTINUE
EAT lNKEY
:AGAIN

""-A Ta CLS

BAT BEGTYPE

'OA
PLEASE ENTER THE FULL NAME OF THE FILE YOU WOULD LIKE
PRINTED. YOU MAY USE DOS WILDCARD ( * ) SYMBOLS FOR
PRINTING MORE THEN ONE FILE AT A TIME.

OTHERWISE, PLEASE TYPE (Q) TO QUIT.
EXAMPLE: (MONDAY. *)

•. ,."END

'7.' 7::A read 'Q

.. 7IF 2 = Q THEN EXIT
-AT ELSE

C027 A2 PPM
BAT SOTO :AGAIN
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-CHO OFF
BAT CLS
BAT REM FILE NAME: OVERVIE.BAT
BAT BEGTYPE

ECHO OFF
BAT REM FILE NAME: PLOT1.BAT
BAT' CLS
BAT BEGTYPE

PLOT 1

PLOT I GRAPHS THE FOLLOWING VARIABLES:

SCHCDT ... ........... . ESTIMATED SCHEDULE IN DAYS
PJBSZ .. ......... .PERCEIVED PROJECT SIZE IN TASKS

JBSZMD ........ .ESTIMATED PROJECT COST IN MAN-DAYS
TOTWF .... ............. TOTAL WORKFORCE PEOPLE
CUMMD ... .......... CUMULATIVE MAN-DAYS EXPENDED

IF YOU HAVE AN EGA CARD TYPE (Y)ES IF NOT TYPE (N)O.

EN D

BAT INKEY %0

"" BAT ....

EA7: IF = %0 THEN GOTO EGA
TA ELSE GOTO OTHER

:ED P P 0 J O p i - p m* 6

PEP PROJECT PLL1

St



BAT -NEXT
BAT CLS
BAT BEGTYPE

IF YOU WOULD LIKE TO SAVE THE PLOTl PLEASE ENTERA
DOS LEGAL FILE NAME, OTHERWISE TYPE (Q)U:T TO
RETURN TO THE MENU.

END
BAT READ %I
BAT IF Q %I~ THEN GOTO LEAVE

BAT ELSE GOTO NAME
NAME

PEN PLOT 1.OUT %1

EAVE

ECHO OFF
* BAT REM FILE NAME: PLOT2.BAT

*BAT OLS

BAT BEGTYPE

PLOT 2

FIRST, A QUICK REVIEW OF THE VARIABLES BEING
:PLOTTED:

CMITKV...........CUMULATIVE TASKS DEVELOPED
CUMTKT...........CUMULATIVE TASKS TESTED
cjUMMD............CUMULATIVE MAN-DAYS EXPENDED
PJBSZ.........PERCEIVED PROJECT SIZE IN TASKS
PDEVRC........ESTIMAI'E % DEVELOPMENT COMPLETE

IF YOU HAVE AN EGA CARD TYPE (Y)ES IF NOT TYPE (N0(.

0

EN D

BAT I !JK EY 0C

BAT y ',, o THEN GOTO EGA
AT ELECOTO OTHER

REP PROJECT PLOT2 -PLM £
EAT =0T -NE XT

:OTHER
REP PRO.JECT PLOT12
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BAT -NEXT
BAT CLS
BAT BEGTYPE
'IDA

TF YOU WOULD LIKE TO SAVE THE PLOT PLEASE ENTER A

DOS LEGAL FILE NAME, OTHER WISE TYPE Q) TO RETURN
TO THE MENU.

END
BAT READ %1

* - BA. IF Q = %1 THEN GOTO LEAVE
BAT ELSE GOTO NAME
:NAME
PEN PLT2 .OUT %1

:LEAVE
* BAT EXIT

ECHO OFF
BAT REM FILE NAME: PLOT3.BAT
BAT CLS

BAT BEGTYPE

PLOT 3

FIRST, A QUICK REVIEW OF THE VARIABLES BEING
PLOTTED:

TOTWF ........................ TOTAL WORKFORCE
FRWFEX FRACTION OF WORKFORCE THAT IS EXPERIENCED

SDVPRD .... ............ PRODUCTIVITY
COMMOH ..... ........... COMMUNICATION OVERHEAD

S F YOU HAVE AN EGA CARD TYPE (Y)ES IF NOT TYPE (N)O.

-' PA 2 'KEY %C

PAT :F ! %C ThiEN GOTO EGA
7 1 A TCo THER.

'-" :EGA

PEP PRCJECT PLOT3 -PLM 6
BAT GOTO -NEXT
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OT1HER

* REP PROJECT PLOT3

BAT -NEXT
BAT CLs
BAT BEGTYPE

IF YOU WOULD LIXE TO SAVE THE PLOT PLEASE ENTER A
DOS LEGAL FILE NAME, OTHER WISE TYPE (Q) TO RETURN
TO0 THE MENU.

* END
BAT READ %1
BAT IF Q = 1THEN GOTO LEAVE
BAT ELSE GOTO NAME
:NA ME
PEN PLOT3.OUT sI

LEAVE
BAT EXITI
ECHO OFF
BAT REM FILE NAME: PLOT4.BAT
3AT CLS

BAT BEGTYPE

PLOT 4

PLOTED:FIRST, A QUICK REVIEW OF THE VARIABLES BEING

-. AFMPDJ . . . .ACTUAL FRACTION OF A MAN-D'AY ON PROJECT
JBSZMD ....... PERCEIVED TOTAL JOB SIZE IN MAN-DAYS

- .PJ BSZ.............PERCEIVED JOB SIZE IN TASKS
PM4DSHR............PERCEIVED SHORTAGE IN MAN-DAYS

7 YUHVEA G CARD TYIPE 7)ES IF NOT TYPE (N)O.

B AT lF Y =-O% THEN GOTO EGA
BAT ELSDE SOTO OTHER
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REP PROJECT PLOT4 -PLM 6
BAT' COTO -NEXT

OTHER
R EP PROJE CT PLOT4

2 BAT BEGT YPE
'.OA

IF YOU WOULD LIKE TO SAVE THE PLOT PLEASE ENTER A
DOS LEGAL FILE NAME, OTHER WISE TYPE (Q) TO RETURN
TO THE MENU.

3AT READ %
BA: ' =- THEN GOTO LEAVE
BAT E'LSE' GOTO NAME

* L:4AME
?EN PLOT4.OUT %I

LEAVE
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APPENDIX B

MODEL MENU SHELL PROGRAM LISTING

ECHO OFF
BATALLF. COM
GRAPHICS
bat /N /D IS* . .. Loading ... MODEL MENU

- - Call -topi
Exit

-top qoto -topA

*Remove the following data ONLY if further changes will not*
* be made*

--EMS-- 1.40
EEL Extended Variables -Version 1.03

Current variabl~e contents is:

&C5 =17

&DESCRIP81
&K8l
&DESCRIP9l
&K9 1 1
&DESCRIP101
&K101 =J
&DESCRIPl1l
&Kll K
&DESCRIP121
&X121 = L
&DESCRIP13l
&K131 M
&DESCRIP141 -

&K141 =N

&DESCRIP151
* &K151 =0

cDESCPIlGl

&DESCRIP171
&K171 =Q

&DESCRIP181

X 1 1 R

&DESCRIP20l&i &K 20 1 T
&C1 1 FK &C2 I A 7
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%

&C3 = I A
&C4 = 1D
&NAME1 = MODEL MENU
&T TTLE1 = FOR THE DYNAMICA MODEL OF SOFTWARE PROJECT
MANAGEMENT.
&K1J. =

&DESCRIP11 =INTRODUCTION TO THE MODEL MENU
sC.MD 11 = -SUB-MENU-2
&NAIME2 = INTRODUCTION TO THE MODEL MENU
& DESCRIP42-
&K42 =D
&DESCRIP52-

&K52E

&DESCRIP62-
&K62 =F

&DESCRIP72-
sK72 = G
&DESCRIPS2

&DESCRIP92-
&K92 =I

* &DESCRIP1O2-
&K102 =

&DESCRIP112 -

&K112 =K

&DESCRIP122
&K122 =L

&DESCRIP32 -

&K132 =M
;,DESCRIP142 -

&K142 =N

&DESCRIP152
&K152 =0

&DESCRIP162 -

&K162 =P

&DESCRIP172 -

&K172 =Q

&DESCRIP182 -

&K182 =R

S &DESCRIP192-
sK192 S
sDESCPIP2O2
&K 2 02 =T

&DESCRIP12 =PURPOSE OF THE MODEL MENU

&DESCRIP22 =HARDWARE/SOFTWARE REQUIREMENTS
&CMD22 = 22226 2
&KSUM2 = 1 2 3 D E F G H I J K L M N 0 P Q R S T

&K32 = 3
&DESCRIP32 =SUGGESTIONS FOR USING THE MENU
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&TITLE2 =THE FOLLOWING MENU PROVIDES INRTODUCTORY
INFORMATION TO NEW USERS.
&K21 =2

&DESCRIP21 -HELP FACILITIES
&CMD2I = SUB-MENU-3
&NAME3 = HELP FACILITIES
&DESCRIP43-
&K43D
&DESCRIP53-
&K53 = E
&DESCRIP63-

-: &K63 =F

&DESCRIP73-
&K73 =G
&DESCRIP83-
&K83 =H

&DESCRIP93-
&K93 I
&DESCRIP1O3-
&K103 J
&DESCRIP113 -

0* &K113 =K
&DESCRIP123 -

&K123 =L

&DESCRIP133
&K133 = M
&DESCRIP143
&K143 =N

&DESCRIP153 -

&K153 =0

&DESCRIP163 -

&K163 =P

&DESCRIP173 -

K 17 3 =Q

&DESCRIP183 -

&K183 =R

&DESCRIP193
&K193 =S

&DESCRIP203
S &K203 =T

&K13 I
&DESCRIP13 =OVERVIEW OF HELP FACILITIES
&CMD13 = 22237 2
&TITLE3 = INTRODUCTION TO DYNAMICA AND PROFESSIONAL DYNAMO
HELP FACILITIES.
&K2 3=2
&DESCPIP23 -ONLINE MODEL HELP INFORMATION
&CMD 23 2 2223 2
&KSUM3 =1 2 3 D E F G H I J K L M N 0 P Q R S T
&K33 =3

&DESCRIP33 -PROFESSIONAL DYNAMO HELP
&CMD33 -SUB-MENU-4
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&NAME4 = PROFESSIONAL DYNAMO HELP
&DESCRIP94 :
&K94 I
&DESCRIP104 -

&K104 = J
&DESCRIP14 =
&K114 = K
&DESCRIP124
&K124 = L
&DESCRIP14 -

&K134 = M
&DESCRIP154 =
&KI44 = N
&DESCRIP164 =

&K154 = 0
&DESCRIP164 -

&K164 = P
&DESCRIP174 =
&K174 = Q
&DESCRIPl94 =

'V - &K184 = R
* &DESCRIP194 -

&K194 =S

&DESCRIP204 =) ']'[&K204 = T

&TITLE4 = THE FOLLOWING MENU PROVIDES ACCESS TO PD HELP
FACILITIES.
&K14 1
&DESCRIP14 = OVERVIEW OF PD HELP

&CMD14 = 22359 2
&K24 = 2
&DESCRIP24 = DYNEX HELP
&CMD24 = 22377 2
&K34 = 3

- &DESCRIP34 = EDITOR HELP
-- &CMD34 = 22398 2

&K44 =4

&DESCRIP44 : SIMULATION HELP
&CMD44 = 22418 2
&K54 = 5
&DESCRIP54 = TOOLS HELP
&CMD54 = 22438 2

K64 = 6
&DESCRIP64 : TRANSLATOR HELP
&CMD64 : 22459 2
sK74 7
* DESCRIP74 : UTILITIES HELP
&CMD74 = 22479 2
&KSUM4 = 1 2 3 4 5 6 7 8 I J K L M N O P QR S T
&K84 = 8

O &DESCRIP84 = VIEW HELP
&CMD84 = 22500 2
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%

&K31 3
&DESCRIP31 =VARIABLE MANIPULATION
&CMD31 =22520 2
&K41 = 4
&DESCRIP41 =RUN SIMULATIONS
&CMD4. = 22559 2
&K61 = 6
&DESCRIP61 =VIEW RESULTS AND PRINT GRAPHS
&CMD61 = 22597 2
&K71 = 7

* &DESCRIP71 =EXIT TO DOS
&CMD71 = 22636 2
&KSUM1 = 1 2 3 4 5 6 7 H I J K L M N 0 P Q R S T
&K51 = 5
&DESCRIP51 =TO STORE AND PRINT RESULTS
&CMD51 = -SUB-MENU-5
&NAME5 = TO STORE AND PRINT RESULTS
&DESCR:?45
&K45 =D

&DESCRIP55-
&K55 E

* &DESCRIP65
&K65 =F

&DESCRIP75-
&K75 =G
&DESCRIP85-
&K85H
&DESCRIP95
&K95 =I

&DESCRIP105
&K1O5 =

&DESCRIP115
&K115 K
&DESCRIP125 -

&K125 =L

&DESCRIP135
&K135 =

&DESCRIP145
&K145 =N

&DESCRIP155
&K155 =0

&DESCRIP165
&K165 =P

&DESCRIP175 =

&K175 =Q

&DESCRIP185
&K185 R

[:§i~i &DESCRIP195
&K195 =S

&DESCRIP2OS
0&K205 = T

&TITLE5 = THIS MENU ALLOWS THE USER TO STORE AND PRINT
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K SIMULATION RESULTS.
&K1 1
&DESCRIP15 STORING STATISTICS
&CMD15 = 22655 2
&K25 = 2

" &DESCP.P25 = PLOTTING RESULTS
&KSUM5 = 1 2 3 D E F G H I J K L M N O P QR S T

" &K35 = 3
&DESCRIP35 PRINTING YOUR RESULTS
&CMD35 = 22-30 2
&CMD32 = 22767 2
&CMD25 = -SUB-MENU-6
&NAME6 = PLOTTING RESULTS
&DESCRIP66
&K66 = F
&DESCRIP76 =
&K76 = G
&DESCR:86 -

&K86 = H
&DESCRIP96 =
&K96 = I

* &DESCRIP106 =
&K106 = J
&DESCRIP116 =
&Kllb = K
&DESCRIP126 -

&K126 L
&DESCRIPI36 =
&K136 = M
&DESCRIPI46
&K146 = N
&DESCRIP156 =
&K156 = 0
&DESCRIPI66 -

&K166 = P
&DESCRIP176 =
&K176 = Q
&DESCRIP186 -

&K186 R
* * &DESCRIP196 =

&K196 = S
&DESCRIP206
&K206 = T
&K16 I 20
&DESCRIP16 OVERVIEW PLOTTING FUNCTIONS
&CMD6 1 22806 2

. "&K26 = 2
&DESCRIP26 = PLOT .

&CMD26 = 22845 2
-' &K36 = 3

&DESCRIP36 = PLOT 2
&CMD36 = 22882 2
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&K46 =4

&DESCRIP46 =PLOT 3
&CMD46 = 22919 2
&KSUM6 = 12'3 45 F G H I JK L M N O P QR S T
&K56 = 5
&DESCRIP56 =PLOT 4
&CMD6 "1' 29 56 2

& T = title
&?ILZ6= THE 7OLLOWING MENU ALLOWS THE USER TO VIEW AND SAVE

4 PREDEFINED PLOTS.
&cLVL =1I
&PAGE = 1

10000 bytes allocated 2641 bytes free

*Remove the previous data ONLY if further changes will*
* not be made

color \1F
ram

* cis
beg type

L MENU \1iF
\IA FOR THE DYNAMICA MODEL OF SOFTWARE PROJECT

MANAGEMENT. \lF

\1D 1 \IF INTRODUCTION TO THE MODEL
MENU

\1D 2 \1F HELP FACILITIES

\1[) 3 \lF VARIABLE MANIPULATION

\1D 4 \1F RUN SIMULATIONS

*\1D 5 \IF TO STORE AND PRINT
R SUL D

\1D 6 \1F VIEW RESULTS AND PRI:&T
GRAPHS
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\lD 7 \lF EXIT TO DOS

Choose an option: (ESC exits menu):;

typerld
-stkeyl inkey %0 1 if %0 # = 1 type %0;

if %0 = key01b retun. . go to -%0 -I
- -, ndkeyl inkey %1 1 if %l # = 1 type %1;

if %l = key0lb return
,..,if %l = key020 goto -$%051
.[ if %I = key00d goto -$%051
,'-..if %1 = key008 goto -topi

if %1 = keyl4b goto -topi
goto -%O%1l

-1 1 **** INTRODUCTION TO THE MODEL MENU *
call -top2
bat /p /s goto -topl

-2-1 **** HELP FACILITIES ****
* call -top3

bat /p /s goto -topl

-3 1 * VARIABLE MANIPULATION ****
BAT CLS
BAT SHELL BAT /R VARIABL.BAT
bat /p Is goto -topl

-4-1 **** RUN SIMULATIONS *
BAT CLS
BAT SHELL BAT /R RUNSIM.BAT
bat /p Is goto -topl

-5 I * TO STORE AND PRINT RESULTS *
call -top5
bat /p /s goto -topl

% -611 **** VIEW RESULTS AND PRINT GRAPHS *
BAT CLS
BAT SHELL BAT /R VIEWSIM.BAT
bat /p /s goto -topl

<']"" -7-1i **** EXIT TO DOS **

BAT CLS
0.. BAT EXIT

bat /p /s goto -topl

-$%O$1
-%0%11 beep goto -topl. -top2 96A 2
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%- Z

color \IF
ram
cIs
begtype

C THE MODEL MENU \IF
\IA THE FOLLOWING MENU PROVIDES INRTODUCTORY INFORMATION

TO NEW USERS. \IF

\ID I \IF PURPOSE OF THE MODEL MENU

\lD 2 \IF HARDWARE/SOFTWARE
REQUIREMENTS

ID 3 \IF SUGGEST:ONS FOR USNG THE
MENU

' Choose an option: (ESC exits menu):;
end
-Istkey2 inkey %0 1 if %0 # = 1 type %0;

if %0 = key0lb return
goto -%0O2

-2ndkey2 inkey %1 I if %1 # = 1 type %1;
if %1 = key0lb return
if %1 = key02O goto -$%0$2
if %1 = keyOOd goto -$%0$2
if %1 = key008 goto -top2
if %1 = keyl4b goto -top2
goto -%0%12

-1-2 **** PURPOSE OF THE MODEL MENU ****

BAT CLS
BAT SHELL BAT /R PURPOSE.BAT
bat /p I's goto -top2

"_o ** HARDWARE/SOFTWARE REQUIREMENTS ****

BAT CLS
BAT SHELL BAT /R HARDWAR.BAT
bat /p Is goto -top2

--2 SUGGESTIONS FOR USING THE MENU ****

*. BAT CLS
BAT SHELL BAT /R SUGGEST.BAT
bat /p Is goto -top2

, "'"-%50 "2
-$%0$2

-%0%12 beep goto -top2
-top3 %A = 3

"p-..4

' . ." " ."... . '. . " - %4". . " " .' " '.' .. "2." ,* . " % - - ." . ' " . 4"34. .



color \IF
ram

begtype

CILITIES \IF
\lA INTRODUCTION TO DYNAMICA AND PROFESSIONAL DYNAMO

HELP FACILITIES. \IF

\lD 2. \1F OVERVIEW OF HELP
FACILITIES

\lD 2 \IF ONLINE MODEL HELP
INFORMATION

\1D 3 \IF PROFESSIONAL DYNAMO HELP

'. A.Choose an option: (ESC exits menu):;
0 end

-lstkey3 inkey %0 I if %0 # = 1 type %0;
if %0 = key01b return
goto -%0-3

-2ndkey3 inkey %l I if %1 # = I type %1;
if %1 = key0lb return
if %I = key02O goto --$%0$3
if %1 = keyOOd goto -$o$3
if %1 = keyOO goto -top3
if %l = keyl4b goto -top3
goto -%0%13

-1-3 **** OVERVIEW OF HELP FACILITIES *
BAT CLS
BAT SHELL BAT /R OVER.BAT
bat /p /s goto -top3

-2-3 **** ONLINE MODEL HELP INFORMATION *
6 BAT CLS

BAT SHELL BAT /R HELP-BAT
bat /p /s goto -top3

.- * PROFESSIONAL DYNAMO HELP *
call -top4
bat /p /s goto -top3

-%0 3
-$%0 $3
-%0%13 beep goto -top3

O -top4 %A = 4
color \IF
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ram
cls
beg type

L DYNAMO HELP \IF
\IA THE FOLLOWIMTG MENU PROVIDES ACCESS TO PD HELP

FACILITIES. \IF

\iD 1 \1F OVERVIEW OF PD HELP

Xi-\ID 2 \IF DYNEX HELP

\1D 3 \lF EDITOR HELP

\1D 4 \IF SIMULATION HELP

\1D 5 \1F TOOLS HELP

\ID 6 \IF TRANSLATOR HELP

\1D 7 \1F UTILITIES HELP

\1D 8 \IF VIEW HELP

Choose an option: (ESC exits menu):;
end
-lstkey4 inkey %O if %O # = 1 type %0;

if %O key~lb return
goto -%0-4

-2ndkey4 inkey %I I if %I # = 1 type %1;
if %I = key~lb return
if %1 keO2 goto -~$
if %1 = keyQOd goto -$%0$4
if %I. = keyOO8 goto, -top4
if %1 = keyl4b goto -top4

goto -%0%14
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"'r" -1-4 **** OVERVIEW OF PD HELP **

BAT CLS
L PD.HP
bat /p Is goto -top4

-2-4 **** DYNEX HELP *
BAT CLS
L DYNEX.HP
bat /p Is goto -top4

*..i -3-4 "*** EDITOR HELP ****

BAT CLS
L EDTR.HP
bat /p Is goto -top4

-4-4 **** SIMULATION HELP
BAT CLS
L SMLT.HP

bat /p /s goto -top4

-54 **** TOOLS HELP ***
* BAT CLS

L TOOLS.HP
bat /p is goto -top4

-4 **** TRANSLATOR HELP *
BAT CLS
L TRNS.-HP
bat /p /s goto -top4

-7-4 **** UTILITIES HELP *
BAT CLS
L UTILS.HP
bat /p Is goto -top4

-8-4 **** VIEW HELP ****
BAT CLS
L VIEW.HP
bat /p /s 9oto -top4

,.-96 - 0 "4, Oj
".-'[-00 S 4

-%0%14 beep goto -top4
-top5 %A = 5

color \lF
ram
ci s
begtype

PRINT RESULTS \1F
, \IA THIS MENU ALLOWS THE USER TO STORE AND PRINT

SIMULATION RESULTS. \lF
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U0 1jV,7 7 7- 7- 7- .- . . . . .

\ID 1 \1F STORING STATISTICS

\ID 2 \IF PLOTTING RESULTS

\1D 3 \IF PRINTING YOUR RESULTS

Choose an option: (ESC exits menu):;
- - end

-lstkey5 inkey %0O if %O # = 1 type %0;
if %0 = key~lb return
goto -%0-5

-2.dkevS ink ey %1 I if %I # =2I type %I;
if %1 = kev~ib return
if %I. = keyO2O goto -$%0$5
if %I = keyOOd goto -$%0$5

*if %1 = keyOO8 goto -top5
if %I = keyl4b goto -top5
goto -%%5

-Im STORING STATISTICS
BAT CIS
BAT SHELL BAT /R SIMULAT.BAT
bat /p Is goto -top5

2 **** PLOTTING RESULTS
call -top6
bat /p Is goto -top5

-35** PRINTING YOUR RESULTS ~*
BAT OLS
BAT SHELL BAT /R PRINT.BAT
bat /p Is goto -top5

0%-

-%0%15 beep goto -top5
-top6 96A = 6

color \1F
* cam

CI S
beg type

.G RESULTS \1F
\IA THE FOLLOWING MENU ALLOWS THE USER TO VIEW AND SAVE 4

PREDEFINED PLOTS. \1F
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\1D 1 \1F OVERVIEW PLOTTING
.FUNCTIONS

\1D 2 \1F PLOT 1

\ID 3 \IF PLOT 2

\ID 4 \1F PLOT 3

\ID 5 \1F PLOT 4

Choose an option: (ESC exits menu):;
end

*-lstkey6 inkey %0 1 if %0 # 1 ! type %0;
if %0 = keyOlb return
goto -%0-6

-2ndkey6 inkey %1 1 if %1 # = I type %1;
if %1 = key01b return
if %1 = key02O goto -$%0$6
if %1 = keyQOd goto -$%0$6
if %1 = keyQO8 goto -top6
if %1 = keyl4b goto -top6
goto -%0%16

-6 **** OVERVIEW PLOTTING FUNCTIONS ****
BAT CLS
BAT SHELL BAT /R OVERVIE.BAT
bat /p Is goto -top6

-2-0 *** PLOT 1 ****
BAT CLS

'4 BAT SHELL BAT !R PLOTI.BAT['[ bat /p /s goto -top6

**** PLOT 2 *
BAT CLS

BAT SHELL BAT /R PLOT2.BAT
bt /p Is goto -top6

-4-6 *** PLOT 3 ****
BAT CLS
BAT SHELL BAT /R PLOT3.BAT
bat /p /s goto -top6

89



7 -At94 725 DESIGN AND DEVELOPMENT OF A USER UTERW E ofO TmE 
2/

DYNAMIC MODEL OF SOFTWARE PROJECT MANAGEMENT(U) NAVRL
POSTGRADUATE SCHOOL MONTEREY CA C E HAURY MAR 88

UNCLASS IF lED F/G 2/'5 UEhIhMMMMMMMMMiE
MENOMONE



4 1111 _4

....-.. -l- O

.........B

jj~fl~ ~ ''A lBI.6



*~*PLOT 4 ~*
BAT CLS
BAT SHELL BAT /R PLOT4.BAT
bat /p Is goto -top6

-%0-6
-$%0$6
-%0%16 beep goto -toD6
-on.er-ror-
if %R > 82 if %R < 90 type HFloating Point Error HIgoto

-Ca ic.
* Cls beep type Unexpected batch file error %R in line %L

exit

AZ AZAZ ZAZAZ AZAZ AZAZAZAZAZAZ AZAZ Z ZAZAZAZAZ AZAZAZAZ
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; APPENDIX C
DYNEX MODEL INTERFACE PROGRAM LISTING

display clear

THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGEMENT
March 1988

Press ENTER for a brief introduction to Model and
Variable Manipulation.

It is suggested reading for all new users of Dynamica.
Experienced users will most likely want to skip directly

to Model and Variable Manipualtion. To do so type (n)o
followed by enter.

Press Enter or (n)o followed by Enter to Continue

dendq

choice 1

display clear

WELCOME TO PROFESSIONAL DYNAMO AND THE DYNAMICA MODEL OF
SOFTWARE PROJECT MANAGEMENT page 1

INTRODUCTION

Professional Dynamo is a high level model simulation
language that has been used to create THE DYNAMICA MODEL OF

-'- SOFTWARE MANAGEMENT. You need to have no knowledge of how
- Professional Dynamo works to use the model.
oI THE DYNAMICA MODEL OF SOFTWARE PROJECT MANAGEMENT, here

after simply Refered to as DYNAMICA, is a sophisticated
sinualtion model designed to provide assistance in
understanding and estimating the numerous and complex
variables involved in a large software development project.

Press Enter to Continue
dendq
choice 1
cend 1/1

..
%..
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display clear

Introduction page 2 *

To speed you on your way, a menu system has been
developed to interface with the model which is written in
PROFESSIONAL DYNAMO. This menu allows the the user to
customize the model to fit a particular software project by
providing access to 18 different variables or table values,
from three major areas of interest to the software project
manager: Estimated Project Size, Organizational Environment
and Policy Variables. A fourth area provides the
user access to important model controls, the maxlength of
project and the ---'e period for data.

Press Enter to Continue
dendq
choice !

• cend 1/1

display clear

pag - Introductionpage 3

When addressing a particular variable, the user may
chose any value or use a previously defined value. Changes
to variables from your last simulation are automatically
stored with your simulation results if you chose to store
your results.

Your first step after you become familiar with the
- mechanics of the model will be to adjust all the pertinent
*.-. variables to customize the model to represent any specfic

software project you might have in mind. Otherwise, you may
use the model " as is ", to conduct your experimentation
in the relationships of the variables.

Press any Key to Continue
dendq
cho ice

F display clear
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demontoducthav ionbl pageilty Tove4hEPo

HasP te potntilp foletesed onlinpae help (aclitagis

fcllowed by striking the enter/return key.

* Press Enter to Continue
* d;endq

cend I/1
* cend 1/1

display clear

VARIABLE MANIPULATION page 5*

The following 18 model varaibles o : Dynamica are
adjustable via the menu.

They are grouped in 4 categories for easy access.

ESTIMATED ACTUAL PROJECT SIZE
1. JBDSI.............Real Job Size in DSI

11. VARIABLES CHARACTERISTIC OF rHE ORGANIZATIONAL
ENVIRONMENT

A . Productivity
2DSIPTK ........ Delivered Source

0 Instruction Per Task

2. TEPPK . 7rror Pate :Per 1000 Del~vered Sciirce
Ins truct ion

C. Staffing Variables
4. HIRED................Hiring Delay
5. ASIMDY...........similation Delay
6. A VEMPT ............ Average Employmnent

*POLICY VARIABLES
- .A. Estimation

7UNDEST ....... Task Underestimation Factor
8. TOTMD1..........Total Mandays
9. TDEV1..............Time to Develope
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Press Enter To See the Remaining Variables
dendq
choice 1
cend 1/1

display clear
. ***********************************************************

MODEL AND VARIABLE MANIPULATION page 6

Ii: B. Resource Allocation
10. DEVPRT ....... % of Effort Assumed Needed

For Development ot

11".. TPFMQA Fraction of Manpower Devoted to

Quality Assurance
12. INDUST .................. Initial

Understaffirg Factor
13. WCWFl ............ Willingness to Change

the Workforce
C.. Staffing

14. TRPHNR . . . % of Experienced Employee Effort
to Train a New Employee

15. AMPPS Average Daily Manpower / Staff
Expended On Project

SV. MODEL CONTROL
16. MAXLEN .. ........ Max Length Of Project
17. SAVPER .. ......... .Save Period For Data

- ] ' Press Enter to See Variable Definitions or to Manipulate
Variable Values.
dendq
choice 1
cend 1/1

- d i s p l a y c l e a r

MODEL AND VARIABLE DEFINITION AND MANIPULATION page 7

Select one or more of the following eight topic
e .You may chose to first look at a brief explanation of

.-.e -ar'.ables or go directly to variable manipulation.

MODEL VARIABLE DEFINITIONS
1. ESTIMATED ACTUAL PROJECT SIZE DEFINITION
2. VARIABLES CHARACTERISTIC OF THE ORGANIZATIONAL

ENVIRONMENT DEFINED
3.POLICY VARIABLES DEFINED
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4. MODEL CONTROL VARIABLES DEFINED

II. MANIPULATION OF MODEL VARIABLES
5. ESTIMATED ACTUAL PROJECT SIZE
6. VARIABLES CHARACTERISTIC OF THE ORGANIZATIONAL

ENVIRONMENT
7. POLICY VARIABLES
8. MODEL CONTROL VARIABLES

Enter the number(s) of your selected choices.
Seperate each choice by a space or a comma.
dendq
choices 8

display clear

r. -'[. EST:MATED ACTUAL PROJECT SIZE DEFINITION page 8

REAL JOB S1ZE IN DSI ...... ................. RJBDSI

. The real size of the software project in delivered
source instructions (DSI) with comments. The following
definitions are from Boehm, 1981.

Delivered. This term is generally meant to exclude
nondelivered support software such as test drivers. However,

%if these are developed with the same care as delivered
software, with their own reviews, test plans, documentation,
etc., then they should be counted.

Source Instructions. This term includes all program
instructions created by project personnel and processed into
machine code by some combination of preprocessors, compilers,
and assemblers. It excludes comment cards and unmodified
utility software. It includes job control language,
format statements and data declarations. Instructions are
defined as lines of code or card images. Thus, a line
containing two or more source statements counts as one

0 -instruction; a five-line data declaration counts as five
instructions.

"end- Press Enter to Continue
dendq

" cho ice 1

cend 1/

display clear
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VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
DEFINITION page 9

DELIVERED SOURCE INSTRUCTION PER TASK .. ........ .DSIPTK

This parameter is set to the value of the nominal
potential productivity in the organizational environment
being modeled. For example, if the nominal potential
productivity is 50 DSI/Man-Day then DSLPTK would be set to
50.

ERROR RATE PER 1000 DELIVERED SOURCE
INSTRUCTIONS (KDSI) ....... . TNERPK

TNERPK is the number of erro-- committed on the averaae,
per- ' IS-000 DS7, as the software project is being developed. 't
is not a sinale number but rather a table function. This
allows the user to set different error rates at different
stages of the project's lifecycle.

Press Enter to Continue
dendq

choice I
cend i/i

display clear

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
DEFINITION page 10

PR,

HIRING DELAY ...... .................. HIREDY
HIPEDY is the average delay time, in work days, incurred

in adding new staff members to the project.

ASSIM:LATION DELAY .... . ............ ASIMDY
ASIMDY is the average time needed to assimilate new

h.rees into the project, measured in workdays. It is ih'e
• time required for orientation, institutionalization and

~r a

Press Enter to Continue
dendq

* choice I
cend 1/1
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display clear

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
DEFINITION page 11

AVERAGE EMPLOYMENT ..... ............... AVEMPT

AVEMPT is the average employment time of project team
members, neasured in working days. It is indirectly
proportional with TURNOVER. For example, the smaller the
AVEMPT the larger the turnover rate, and conversely, the

. smaller the turnover rate the higher the AVEMPT.

Press Enter to Continue
denda
choice 1
cend 1/1

cend 2/8
display clear

POLICY VARIABLES DEFINITIONS page 12

TASK UNDER ESTIMATION FACTOR .... ............ UNDEST

Undersizing is a large problem in project management.
This variable allows the to experiment with different values
of underestimates. Thus to simulate a situation where the
project size is initially underestimated by 25 %, this
variable would be set to 0.25.

TCTAL .. AN DAYS ............... TOTMDI
TCTMDl is the man-day estimate produced at the start of

the project, for design, coding and system testing of the
" Droje

'TODEVELOP.........................TDEV1

TOEVI represents the estimated time, measured in work
days, for the design, coding and testing stages of the
oroject, produced at the start of the project. For example,
if the initial project duration estimate was 16 months,
-DEVI would be equal to (16 x 20) or 320 working days.

Press Enter to Continue
dendq

- choice 1
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cend 1/1

display clear

POLICY VARIABLES DEFINITIONS page 13

- - % OF EFFORT ASSUMED NEEDED FOR DEVELOPMENT . . DEVPRT
This variable is used to allocate the projected total

,udget, measured in Man-Days, for the development (which
includes design and coding) and testing phases. For example,

. if it is decided that 80 % of the total Man-Days would be
allocated to development and 20 % to testing, then DEVPRT
would be set to 0.80.

FRACTION OF MANPOWER DEVOTED TO QUALITY
ASSURANCE .... ........... TPFMQA

TPFMQA is the percent of development effort allocated in
t-ie oroject's clan for QA activities during the design and
coding stages. It is not a single number but rather a table
function that allows the user to change the number of
Man-Days allocated to QA at different stages in the project

0 lifecycle. A value of 0.20 at some point in the project
would indicate that at this point, 20 % of the Man-Day budget
is allocated to QA.

Press Enter to Continue
dendq
choice 1
cend 1/1

display clear

POLICY VARIABLE DEFINITIONS page 14

INITIAL UNDERSTAFFING FACTOR .......... INDUST

% The project's average staffing level is equal to the
croject's total number od Man-Days divided by the project's
scheduled duration. Typically, the project will start with a
small core team which grows in size. This variable specifies
the size of the starting group. Thus a value of 0.5
..nicates that the startup team is half the size of the
-.verage staff size.

Press Enter To Continue
""" endq
'.'-'.' hoice 1

cend 1/1

display clear
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POLICY VARIABLES DEFINITIONS page 15

WILLINGNESS TO CHANGE THE WORKFORCE ......... WCWFI
On deciding upon a "Workforce" level desired, project

managers typically consider a number of factors. One
important factor is the project's scheduled completion date.
As part of the planning function, management determines the
workforce level that it believes is necessary to complete the
project on schedule. In addition to this factor,
consideration is also given to the stability of the
workforce. Thus, before adding new project members,
management tries to contemplate the project employment for
new members. Different organizations weigh this factor
differently. In general, the relative weighing between th
desire for workforce stability on one hand and the desire to
comolete the project on time, on the other, is not static,
z u- changes dynamically throughout the lifecycle of the
Cro~ect. For example, toward the end of the project there is
:-ypically considerable reluctance to bring in new people,

X.. even if the project is behind schedule. It would take
too much time and effort ( relative to the time and effort
that are remaining) to acquaint new people with the mechanics
of the project, integrate them into the project team and
train them in the necessary technical areas.

Press Enter for More Information of WCWF1

dendq
choice 1
cend 1/1

display o1ear

.-WCWF1 DEFINITION CONTINUE page 16

These managerial considerations are operational in the
model as follows:
WORKFORCE LEVEL NEEDED = (INDICATED WORKFORCE LEVEL) * (WCWF)

(CURRENT WORKFORCE) * (I-WCWF)
The Weighting Factor (WCWF) is termed Willingness to

* Change the Workforce.

in the early stages of the project when "Time Remaining"
is generally much larger than the sum of "Hiring Delay" and
the "Average Assimilation Delay" WCWF would be equal to 1
When WCWF is = 1, the "Workforce Level Needed" in the above
equation would simply be equal to the "Indicated Workforce
Level," i.e., management would be adjusting its workforce
size to the level it feels is needed to finish on schedule.
The "Indicated Workforce Level" can be determined by dividing
the amount of effort that management percieves is still
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remaining (in Man-Days) by the time remaining to complete the
pro:ect in days.

When the "Time Remaining" decreases, ASSIMILATION DELAY
,ASIMDY) could be set to equal exactly 0. The "Workforce
Level Needed" in the equation would thus be equal to the
"Current Workforce" i.e., management attempts to maintain
the projects workforce at its current level, and make
adjustments to the schedule instead.

Press Enter to Continue
dendq
choice 1

cend 1/1

display clear

POLICY VARIABLE DEFINITIONS page 17

:TA:NERS PER NEW EMPLOYEE ... .......... TRPHNR
in most organizations, training of new employees is

carried out by the more experienced employees. This variable
defines the fraction of an experienced staff member's time
that is devoted to train new hirees. For example, a value of
3.2 indicates that on the average each new employee
c onsumes 20 % of an experienced employee's time for the
Juration of the assimilation delay.ril

. AVERAGE DAILY MANPOWER PER STAFF EXPENDED ON
PCJ CT.. .. . ...... ADMPPS

Project members are often only assigned part-time to a
project. ADMPPS defines the % of time that the team members
devote, on an average to the particular project being
simulated. For example, if staff members tend to divide
their time equally between two projects, i.e., half of their
--ime is spent on project A and the other half is spent on
project B, then ADMPPS would be = 0.5.

Press Enter to Continue

'Tho ice 1
dend q/'

rend 3/5

O d !splay clear

.-MCEL CONTROL VARIABLE DEFINITIONS page 13

MAX LENGTH OF PROJECT .............. MAXLEN

1-
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This model control variable is useful in controlling the
s mula'ions. It precludes the model from continuing a
simulation beyond a predetermined length, e.g., 1000 days.

SAVE PERIOD FOR DATA ..... .............. SAVPER
-his model control varaible allows the user to adjust

the models save ceriod for data for l ter viewing. For
exam le, if the user sets the SAVPER = 1, the model will save
all variable values on a daily basis, this data would be
available for the usedr to examine and plot at the end of a
s:mulation. A SAVPER of 10, saves values every 10 days. This
provides the user with a trade off between the time required
for a simulation and the level of detail of the results.

Press Enter to Continue
dendo
:ho ice

- " _-e d I ,I

,end 4,"3

display clear

ESTIMATED ACTUAL PROJECT SIZE VARIABLE MANIPULATION
page 19 *

EAL JOB SIZE IN DELIVERED SOURCE
:N RUCT1ONS ... .......... ... RJBDSI

Enter a new value for REAL JOB SIZE IN DELIVERED SOURCE
INSTRUCTIONS or press enter to use the preset value. The

preset value is written using a form of scientific notation
where e3 represents x 10 to the third power. You do not have
. "  enter a value in that format but be aware that the model
Will reoresent numbers in that format.
:e ndq

.. q- r bdsi-24 ,e3

'd splay clear

Oq
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VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
MANIPULATION page 20

Enter a new value for DELIVERED SOURCE INSTRUCTIONS PER
TASK or press enter to use the preset value.
dendq
cq dsiptk=40.0

display clear

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
MA APULAT:ON page 21

Enter a new value for ERROR RATE PER 1000 DELIVERED
0; SOURCE INSTRUCTIONS or press enter to use the preset value.

1 2 3 4 5 6
dendq
cq tnerpk=24,22.9,20.75,15.25,13.1,12

display clear

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
MANIPULATION page 22

Enter a new value for HIRING DELAY or press enter to use
* the preset value.

dendq
cq hiredy=30.

* Jisplay clear

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
MANIPULATION page 23
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Enter a new value for ASSIMILATION DELAY or press enter
to use the preset value.
dendq
cq asimdy=21.O

'

display clear

VARIABLES CHARACTERISTIC OF ORGANIZATIONAL ENVIRONMENT
MANIPULATION page 24

Enter a new value for AVERAGE EMPLOYMENT or press enter
-o use the preset value.

dendq
6 cq avempt=lO00

cend 6/8

display clear

- * W******* {*** ** ** ** ** ***WW W W W * *****W ***********POLICY VARIABLE MANIPULATION page 25

For assigning values to TOTAL MANDAYS and TIME TO
DEVELOPE the user may either:

i. Calculate the two values external to the model
and input them directly at the prompt below.

OR

2. Allow the model to calculate the two values
internally utilizing COCMOC by inputing 0 for each of the 2variables at the COCMO prompt.

"["" T C E V 1

dend

•q tdevl:32C
"-'- display

COCOMO PROMPT:
Enter 1 at the next two prompts to allow COCOMO to compute

TOTMDI AND TDEVI.
OR enter 0 to use your own values input above.
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dend
cq scswch=U
cq mdswch=O
pjbdsi=rjbdsi*( l-undest)

4" -. "display

TOTMDI=((2.4*EXP(l.05*LOGN(pjbdsi/1000)))*19.
dendq

display
TDEVI=((19*2.5*EXP(0.38*LOGN(totmd/19)).
dendq

l~ii "idisplay

~#TDEVI

,'. Press Enter to Continue
'?"'["denda

choice 1

• cend 1/1

display clear

POLICY VARIABLES MANIPULATION page 26

Enter a new value for TASK UNDER ESTIMATION FACTOR or
cress enter to use the preset value.

dendq
cq undest=.35

display clear

POLICY VARIABLES MANIPULATION page 27

Enter a new value for % OF EFFORT ASSUMED NEEDED FOR
DEVELOPMENT or press enter to use the preset value.

dendq
cq devprt=.5

'O.
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display clear

POLICY VARIABLES MANIPULATION page 28

Enter a new value for FRACTION OF MANPOWER DEVOTED TO
QUALITY ASSUPACE or press enter to use the preset value.

1 2 3 4 5 6 7 8 9 10 11

dendq
dq tpfrqa=.35,.29,.275,.255,.25,.275,.325,.375,.4,.4,0.0

display clear

POLICY VARIABLES MANIPULATION page 29

Enter a new value for INITIAL UNDERSTAFFING FACTOR or
press enter to use the preset value.

dendq
-' cq inudst=.4

display clear

POLICY VARIABLES MANIPULATION page 30

Enter a new value for WILLINGNESS) TO CHANGE THE WORKFORCE
ur Dress enter to use the preset value.

-- 1 2 3 4 5 6 7 8 9 10 11 12 13 1-4
A. dendq

'10



display clear

POLICY VARIABLES MANIPULATION page 31

Enter a new value for % OF EXPERIENCED EMPLOYEE EFFORT TO
TRAIN A NEW EMPLOYEE or press enter to use the preset value.

dendq
cq trpnhr=. 25

display clear

POLICY VARIABLES MANIPULATION page 32

Enter a new value for AVERAGE DAILY MANPOWER PER STAFF
EXPENDED ON PROJECT TO TRAIN A NEW EMPLOYEE or press enter
to use the preset value.
dendq
cq admpps=.5

cend 7/3

di3play clear

MODEL CONTROL VARIABLE MANIPULATIONS page 33
- * * ******* * *** * ****** ***** ***********WWW W W WW W WW W W** **

*' Enter a new value for MAX LENGTH OF PROJECT or press
enter to use the preset value.

Jendq
, maxlen=1000
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display clear

• MODEL CONTROL VARIABLE MANIPULATIONS page 34

Enter a new value for SAVE PERIOD FOR DATA or press
enter to use the preset value.

dendq
-" cq savper=l0

cend 8/8
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