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The University of Houston-Clear Lake established the Research Institute for
Computing and Information systems in 1986 to encourage NASA Johnson Space
Center and local industry to actively support research in the computing and

Th e information sciences. As part of this endeavor, UH-Clear Lake proposed a
partnership with JSC to jointly define and manage an integrated program of research

in advanced data processing technology needed for JSC’s main missions, including

RI C I S administrative, engineering and science responsibilities. JSC agreed and entered into

a three-year cooperative agreement with UH-Clear Lake beginning in May, 1986, to
CO nce t jointly plan and execute such research through RICIS. Additionally, under
p Cooperative Agreement NCC 9-16, computing and educational facilities are shared

by the two institutions to conduct the research.

The mission of RICIS is to conduct, coordinate and disseminate research on
computing and information systems among researchers, sponsors and users from
UH-Clear Lake, NASA/JSC, and other research organizations. Within UH-Clear
Lake, the mission is being implemented through interdisciplinary involvement of
faculty and students from each of the four schools: Business, Education, Human
Sciences and Humanities, and Natural and Applied Sciences.

Other research organizations are involved via the “gateway” concept. UH-Clear
Lake establishes relationships with other universities and research organizations,
having common research interests, to provide additional sources of expertise to
conduct needed research.

A major role of RICIS is to find the best match of sponsors, researchers and
research objectives to advance knowledge in the computing and information
sciences. Working jointly with NASA/JSC, RICIS advises on research needs,
recommends principals for conducting the research, provides technical and
administrative support to coordinate the research, and integrates technical results
into the cooperative goals of UH-Clear Lake and NASA/JSC.
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Preface

This research was conducted under the auspices of the Research Institute for
Computing and Information Systems by Vance A. Etnyre, Associate Professor of
Information Systems and Quantitative Methods, and Ken U. Black, Interim Program
Coordinator and Associate Professor of Information Systems and Quantitative
Methods, of the University of Houston - Clear Lake.

Funding has been provided by the Space Station Project Control Office,
NASA/JSC through Cooperative Agreement NCC 9-16 between NASA Johnson
Space Center and the University of Houston - Clear Lake. The NASA Technical
Monitor for this activity was H. Wayne Whittington, Space Station Project Control
Office, NASA/JSC.

The views and conclusions contained in this report are those of the authors and
should not be interpreted as representative of the official policies, either express or
implied, of NASA or the United States Government.
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Developing Integrated Parametric Planning Models
for Budgeting and Managing Complex Projects

Purpose of Study

The primary purpose of this study will be Lo demounstrate the
applicabilily of integrated parametric models for Lthe budgelind, and

management  of complex projects. The characteristics of intcgrated
paramelric models will be investigated and compared with other melhods
often used in planning and managing complex projects. A probtotype

system will be builL to allow project planners to design and Lest
various project planning strategies interactively.

$pecific intLegration methodologies using parametric analysis and
interactive decision rules will be developed. Specifications will be
staLted for Lhe development of software systems which can integrate the
functions of forecasting, budgeting, and resource management.

Background of Study

This study was originally proposed in May of 1987 as a mechanism
to develop and test project costing models and project management
strategies for Lhe U. S. space station. Cost estimnters and managers
had expressed interest in having very flexible costing models which
could adjust Lo abrupt changes in project funding levels, project

Juration requircments, and project budget requirements. In the past,
several mechanisms have been envisioned for developing project cost
estimates. In May of 1987, however, much of the cusling work was

being done manually due to the rapidly changing budgetary environment
and Lhe uncerlain nature of the funding process.

Project Goals (Gensexral)

This study has been subdivided into two phases. The primary goal
of the first phase was to build a very flexible, interaclive prolotype
for a project planning system. This prototype should provide most of
the important features of a projectl scheduling system in a flexible,
interaclive manner. The prototype must allow the user to build and
test a wide variety of parametrically defined cost models.

The primary goal of the second phase is to usc Lthe prolotype
develouped in Phase 1 as a design tool Lo develop and Lest
suphisticated project management strategies. These strategies wmust be
able Lo handle flexible project schedules, variable project costs, and

meet,  dynamically changing constraints. The syslem musL be able Lo
capture the essenlial cost characteristics of existing or proposed
projecls. It also must allow project management experts to

interactively define and test procedures to be used in the management
of complex projecls.
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Specific Regquirements for Phase 1

The

reneral requirements for Lthe protolype were generaled  (rom

discussions between Lhe project sponsor and the projecl invesbLigalors.
A very basic description of the requirements for Phase 1 is conlained
in Lhe following list:

1.

w

H.

The system must accept the information necessary Lo defline
the project in a user-friendly manner.

The system must be capable of calculating schedule and
londing information (Gantt Charts & Loading Diagrams) once
the necessary tLask information has been input by the user.

The system must be capable of displaying projeccl. sltruclure,
loading informalion, Ltasks and sub-tasks in a dynamic,
interaclive manner.

The system must be capable of printing and ploLLing the
schedule information (task inputs, Gantt charts, & Loading
diagrams).

The system must be capable of storing and retricving various
portions of the project structure and combining these
portions to form larger pieces of the project cost structure.

Specific Requirements for Phase =2

[&1

The syslem must allow the user Lo modify the ossential
details of any task or subtask within the project in  an
easy, user-friendly manner.

The system must allow the user to modify the strucLure
of the projecl in an easy, user-friendly manner.

The system must be capable of printing and plotting revised
schedule information (task inputs, goals, constraints, GanlLt
charts, and loading diagrams) in an easy, user-{riendly
manner.

The aystem must allow Lhe user Lo define the coslL
characleristics of any project in a paramelric fashion
using very general (arbitrary) cost functions.

The system must be capable of capturing the esscntial
cosl characteristics of any project, existing or proposed
directly from the cost data. .

The gsystem must allow project manngement. oxperls t.o
definc interactively the procedures needed Lo manage a
project.
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Evaluation of Methodologies

There are several cost estimation methodoloffies available to
projecl managers. A partial listing would include: group methods,
detailed methods, comparison methods, order-of-magnitude melhods,
approximale esbtimates, definitive estimates, industrial enyfineering
methods, analogy methods and statistical melhods.

Detailed methods require that the job be completely specified
with delailed eslLimates prepaired for each item, each subassoembly, and
for Lhe overall project. Industrial enginecring approaches are based
on highly declailed applications of time standards. They 1involve
thorough analyses of each task so that workhours can be converted Lo
projeclt cost estimates. These methods are very expensive and, may notb
be feasible for technologically innovative efforls.

Comparison methods utilize up-to-date estimates of cust based on
projeclLs already in existence. For these methods to be effective, Lhe
esbLimator must be able to extract the essential cost characteristics
from existing projects. Approximate estimating and analogy wmethods
use Lop-down estimates prorated from similar projecls. Little
detailed engineering data is required as the analogies are made using
rules of thumb and indexed costs from similar projects. Althiough
these melhods can be very useful when similar progjecls are available,
they are not very useful for purely innovative progjects.

Stalistical cost estimating methodologies involve paramelric cousl
esltimalion procedures which require very restrictive assumptions aboul
the nature of cost relationships within the project. Thesc me bhods,
which usc computerized donta analysis techniques, can provide valuable
information in areas where sufficient examples of similar projects
exist. l.Like comparison and analogy methods, however, they are of
limited use for purely innovatltive projects.

Many of these Lechniques are notl viable for use in ce¢sbimating
costs of large, innovative projects such as those proposed for Lhe
space stalion. It is often impossible to acquire the amount of
engineering detail necessary to use various detailed methods when
significant proportions of the progject are still in Lhe
conceptualization and design phases. It is difficult to apply
statistical or analogy methods to projects which have never before
been creabod.

Complex and  innovative developmental projects present unique
problems in (orecaslbing, budgeling, and resource managemoent. Reliable
mode ls for forecasting resource reqguirements usually do not exisl for
development.al  projects. Inherent dissimilarities beltween various
developmental projects limit the usefulness of analofy methods and
peneralized budgel and planning packages. In order Lo handle
innoval.ive developmental projecls, a framework musi be crcated which
uses the posilive aspects of the methodologies discussed above, but
avoids Lhe known pitfalls of those methods.
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Evaluation of Software Resources:s

Several types of soflware were considered for consbructing Lhe

prototype system and testing project management stralcegies.  Among the
categories considered were: stand-alone (dedicated) project
management, systems; procedural programming language systems; databasce

managemenl systems; declarative language systems; spreadsheel programs
and special programming systems.

Stand-alone {dedicated) project management sys bems were
considered becausce they already contain many of the c¢lements needed
for effeclive project managemenlt. Systems such as  Arlemis Project

Managemenl. sysbLem, Primivera Project Management System and Harvard
Total Project Management System allow the user Lo enler data to
deseribe the various aclivities within a projecl. These syslems Lhen
ce the defined structure of the project and critical path methodology
to determine the performance and cost characteristics of the project.
Certain of these software packages allow the user to perform “load
leveling” to adjust certain cost characteristics of Lhe project to
accomodate required changes in task durations. The major
disadvantages of stand-alone project management packages is the lack
of flexibility that they present to the user. Only c¢ecrtain cost
loading palterns are allowed in these models. Although most ol these
packages allow the user to enter actual project performance data for
comparison to the estimated values generated by Lhe package, none of
the packages examined allow for Lhe automatic capturing of projectl
cosl characteristics from actual data with translation directly into a
fully parametric model. Although each package allows the user Lo
interface with one or more procedural programming languages, none
allows tLhe user to define procedures in a syntax which the wuser can
design for himself.

Several procedural programming languages were considered, bul all
were considered inappropriate for the development of this proloype.
Ultimately, the users of this system will be projecl manapers and not
programmers. Although many parts of the system can be proprogrammed
for Lhe  user, there will be several key areas where Lhe projecl
planning experls will have to define the procedures to be used in an
interactive manner. This eliminates the use of current. procedural
languages for develouping and interactively testing project managementb
siLrategies.

Many dabLabase systems have included programming lanpruage
interfaces in so-called “"fourth generation” languages (4GLs) Lo aid in
the protobtyping of systems. These systems can be extremely useful
when  Lhe primary difficulties in system design are caused by complex
data flows. For project planning systems which are sLill in the
conceplualization and design phases, it is Lhe lack of valid data
sources rather than the complexity of existing data sources which is
the primary limitation on the system.
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D laralive languages such as Prolog and LISP  provide wuscful
feaburcs for developing relationships belween various sebs of objecks.
AlLhouph Lhese languages do  provide facilibies  for mathemalical
calculations and graphical displays, the specialized skills neceded Lo
ut.ilize Lhese fealures effectively are beyond Lhe expericnces of most
project managers.

Special  program development environments were also considered.
Mosl  of these special program development environmenbs were rejected
due Lo lack of user famillarity with the development systems. The
package TFPS (Interactive Financial Planning System) was particularly
noLeworthy in the fealures which it offered for developing prololypes
of this nalure.

Spreadsheel,  programs have the advantage ULhal  most projech
managers  are  familiar with the basic cummands and (ealures. Thics
great.ly simplifies the task of providing user interfaces. The

inherenl, two-dimensional character of spreadsheet programs and Ltheir
built-in graphic interfaces allow greal flexibility in displaying
dala. Sume spreadsheet packages include a complete sebt of programming
commands  and  development tools to simplify the process  of  creabing
customized operalbling environments. If the set of programming btools is
sufficiently large, a knowledgeable designer can usc Lhese tools Lo
creale any model  which could be crealed in  any olher programming
environmentl.

A fundamenbal disadvantage of spreadsheet packages is Lheoe
inherent.ly ulow execution of inlerpretive language when compared to
Lthe execulion of compiled instructions. Historically, spreadsheetl
systems have depended on inlLerpretive execution of "macro-
instructions”™ supplied by the designer. This has causcd  spreadshect
programs bto be limited to environments where execultion time is not a
significank design factor.

One of the significant developments in  spreadsheelb  program

features is bLhe development of spreadsheel compillers. These allow Lhe
designer Lo compile into efficienl coude the parlts of his logic which
are critical in execution time. The remaining parts can  reltain  all

Lthe flexibilty allowed by the sprecadsheel system.

Protobtype Development Strategy

The decision to develop the protolype sysbem using a  spreadsheetl

pockage (Lolus 123 - release 2) was based on Lwo primary crilLeria:
familiarily and flexibility. The potential users of Lhe prolobype are
already familiar with the basic mechanics of Lotus 123. This wmeans

thal. Lwo of the mosl important aspects of the user interface, data
enlry and selecltion of options, will be immediately useable wilh nu
nced  for specialized training. Several of the potential users were
alroady familiar with Lotus 123’s  internal programmingg languago.
Ultimalely, Lthe decision as to whether Lo transporlt the models inLo
another programming system will depend on the excculion Lime
requirements and the availability of efficient spreadsheet compilers.

o
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Proposed Solutionmn

The development of a project planning probolype has been
Tormulatced in t.terms of an integrated, open—-cnded parameblric
programming problem.

The requirement for an inlLegrated system was included because
several aspecls of the project development process musl be considered.
These aspecls include starting and stopping Limes for the projecl and
for Lhe individual tasks Lhat make up the projecl. The slLarling and
stopping times must be related to other considerations such as Lotal
projecl cost, cumulalive cosbt through various portions of the progject,
and maximum expenditure per Lime period.

The open -ended requirement is necessary because bLhe exaclt. nature
of ULhe project’s goals will vary during the developmenl of Lhe

proJjeclh. The requirement for a parametrically driven prololype is
necessary because of the rapidly changing environment in  which
innovative developmental projectis must operate. The proLolLype must be

sensabtive Lo changing objectives, changing targel dates, changing cost
relat.ionships and changing budgel constraints.

In order Lo achieve the integration of cosls and project and Lask

durations, parametric cost functions must be defined. In general,
such functions can be defined by a process of trapezoidal
scegmental.ion. In such a system, the total cost for the projeclL is the

sum of the various project cost segments, and each projeclt cost
scgmenl is Lthe integral of a linearly segmented cost loading [funclion

over a specific interval. Algebraically, this can be staled as:
n
projecl cost = Cprojecb = :E- Ci
i=1
fi-1 4+ £
coslt per segment = Ci T emmm— x wj
2
i."l 2
= [ fo5 + 2 rswy; 1 ¥ wi + 1/2 rjwj
J=
i
cost per time period = f3 = fj_1 + rjwy = f, f-z:erJ
=1

Within this framework, important constraints can be defined by
parametrically assigning values Lo key cosls and durations. Then
specific goals can be achieved by finding the proper combination of
Lthe unconstrained variables wj; ond rj which satisfy the defined
objecltives within the defined constraints.
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Prototyppe Design
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The prolLotype was designed using Lotus-—-123 (Release 2) as  Lhe

primary soflware Gtool. It. was implemented using Release 2 macro
instructions and system menus cusltomized for this application. The
menu  sysbem was used Lo provide the user interface to the program. A
combinaLbjon of Lolus-123 formulas and macros was used to implement the
other requiremenls of the system. Flexibility and ease of usc woere

the primary design determinants. An additional design requirement was
to allow an indefinite number of potential tasks and sub-tasks.
Another imporlant design consideration was Lo place no restrictions on
the number of Lask levels used in the system.

This project was designed in two sequential phases. In the
firsl phase, a simplified prototype was propuosed for Lhe inlegrated
mode] . Gouals were ypeceified and solutions were formulat.ed for Lhis
simple, integrated prototype. The schedule proposed for Phase Onc of

this study is shown below in figure 1.

Schedule for Phase 1

Frojected
Values Jun-87  Jul-87  hug-87 Sep-87 Oct-87 Nov-87 Dec-B7 Jan-63 Feb-88

Requirements (320800 IRIERERE)

Design strategy RRRREREY

[nput requirements R R R a Rt atdfeessd

Loading process SRR TRER R iR ReseR s bl

Charts & printing 333343880830 00 %41

1333383223 82880¢828]
et
R3320 Y

R3]

Integrate: menus
Deronstrate
Revige

Wrap-up

Fhase 1. PELIOTA AL RRRISTISIRRIRRRtRRIRIRTRIRRRLLELERRRERIRIRPLARIRLRITIRINIIt I

figure 1

Summary of Progress ¢( Phase 1 p)

A prolotype system has been implemented for phase 1 of this
project using Lolus-123 (Release 2) macro language. This proloLype
implements a methodology for interactive project scheduling. The
prototype provides a model of a system which is capable of meelbing
most of the goals for Phase 1 of this study, and several of the goals
upecificd for Phase 2.

ORIGINAL PAGE IS
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for Phase 2

Schedule

In Lhe second phase, specific project adjuslment procedure:s will
be formulated and integrated into the model in a parametric manner.
This will allow NASA managers to change project durallions, peak
loading requiremenls or specific performance requircments for any partl
of the project, and receive "nearly immediate” feedback aboul the
important characteristics of the project being planned. Decision
rules will be developed for making necessary adjustments Lo the
project.. Methodologies will be proposed for extending Lhe solution of
the simple, integrated prototype to include the user-defined
ad justmenls to the projectl.

Phase 2 of this project, which would begin June 1, 1988 will btake
five months Lo complete. A version of the inlLegraled model,
containing features from both Phase 1 and Phase 2, would be available

by Oclober 31, 1988.
PHASE 2
June 88 July 68 fug. 88 Jept 68 Oct. 88
Tetersine Requirements 31813
Design Change mech. 1t
Encode Change zech. 2803080000}
Integrate change aech, mu
Design Cost models 1N
Encode Cost models fitrninnn
Integrate cost ecdels 1
Lesign Procedures 1
Encode Frocedures R3 R0 080 001

Deaonstrate i
Revise 143338328431

Wrap-up 11111

- figure 2

Budget for Phase 2

When this project was first proposed in May of 1987, a two-year
combined budget was submitted. The attached budget for Phase 2 during
1988 is a minor modification of the Phase 2 budget submitted in 1987.
The slight modification is necessary because Dr. Ken Black will not
reaceive summer pay for his work on the second phase of this project.
Dr. Vance Etnyre will receive Lhree months of summer pay for his work
on the secund phase of this progject.



