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ABSTRACT

Congtruction contractors are increasingly using computer
data processing on their projects. The practice of purchasing or
leasing software and the alternative of in-house development of
suitable software exists concurrently among construction con£ractors.
Adequate attention is not given to the selection of the most
beneficial mode for acquiring software. This project develops a
systematic decision approach to select the mode of software
acquisition.

This systematic decision approach delineates the controllable
variables and the states of nature. Relative weightage is assigned
to the variables, and importance rating is assigned to the states of
nature. From the outcomes of the interactions between controllable
variables and the states of nature, the expected value of each
alternative is determined, and the one with maximum expected value is
selected. This gives the most economical acquisition mode'of
software required by a construction contractor.

The decision process can be used either as a rigorous
‘methodology or to improve the quality of intuitive decisions by

ensuring that all the variables are given due consideration.
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CHAPTER 1
PROBLEM DEFINITION

Construction projects are increasing in size, intricacy and
monetary value. The requirement of integrated, unified and
comprehensiVe planning, monitoring and transmitting of information to
~management has become crucial. The rise sin capital cost has. made

“month-to-month cashflow forecast mandatory to prevent a block of money
being committed for an unwarranted 1eﬁgth of time, and thereby utilizing
that resource to its ultimate. This‘app1ies equally to all other
resources. The need to optimize the use of resources has made p1ann1ng
and monitoring aids so important that they mean the d1fference between
the survival and non-survival of virtually any construction contractor,

cpm!

based networking technique is a basic planning tool in

modern construction projects and the majority‘of construction firms use the
computer for CPM network analysis. The computer has greatly simp]ifjed
planning and scheduling, resource allocation, cost control, cashflow
forecast, monitpring and communication of pertinent information te
management. Besides speeding up normal problem solving, problems that

are virtually unso]vab]e can be tackled. The computer also provides

early warn1ngs of faults or potential problems in control procedures,

leading to 1ndeterm1nab1e but 1mportant savings.

]H N. Ahuja, Construct1on Performance Control by Networks, St.
John's, Newfoundland, Canada, January 1976.




The command to the computer is the program. It makes data
supplied to the computer meaningful. With effort, almost any problem
can be solved by a custom-made computer program. The development of
diversified software has enlarged computer use and capacity.

Software development is a continuous and never ending process
which is very expensive in terms of money, time and labor. At present,
although so many different types of computer programs exist in every
field, many organizations and construction contractors are writing
their own specialized programs. Independent development of specialized
software ignores the use of existing programs and increases their
obsolescence. Then why not use existing programs? Whether a contractor
should buy or develop a program is still an unsettled issue. The aim of
this project report is to answer the question whether it is justifiable
to buy a ready-made software package or develop in-house an entirely new
program. Cost analysis of ready-made software versus an in-house
development is necessary. A better appreciation of the problem can be
achieved as the various aspects of the problem are described. These
are:

1.1 Contractor's Objectives
Diversity of Software Needs
Cost Control Softwares in Construction

Cost of Acquiring Software

-
g AW N

State of Art
1.6 Lack in the Environment

1.7 Statement of the Problem



lad CONTRACTOR'S OBJECTIVES

The main concern of a construction contractor is to meet the
challenges of increasing costs, declining profits and increasing
competition. The significance of profit maximization and cost
minimization is so much for the contractor to be operative and
progressive, that even his survival in the business is constantly
challenged by the increasing expenditure and declining mark-up.
Therefore, speed and economy in every operation become the inevitable
objectives of a construction contractor. A computer-based cost control
system ensures both speed and economy and therefore becomes important
in any project.

A computer program that is economical to run, easy to modify,
is fast, accurate, easily manageable and which is obtainable at a
reasonable cost can serve a contractor's cost control objectives best.
The cost control objectives of a construction contractor are perceived

by the set of questions summarized in Appendix A.
1.2 DIVERSITY OF SOFTWARE NEEDS

Data processing systems are being used for planning and
scheduling of projects, resource allocation and leveling, estimating,
cost control and cashflow forecast, payroll, accounting and auditing,
material expediting and inventory control, and for various other
operations within the context of management aids. Nor does it end
there. Various computer programs aid in structural analysis, surveying

calculations, specification writing and other specialized areas.



Unfortunately, these applications are mainly isolated tools and
are useful at only one stage of a project. As a result, many contractors
cannot afford the equipment or specialized manpower needed for computer
processing of these special functions. With many construction
contractors geared to operate within a conventional manual framework,
they find that the benefits derived from mechanization of merely one
function are not sufficient to warrant the hiring of trained personnel
or education of existing staff. In order to be economical, the data
processing applications within the company must be large enough to
provide cost savings larger than the expenses incurred.

Furthermore, no two construction projects are alike. Because
they differ greatly in size, location, costs and constraints, each
project may require a different Qet of computer applications than the
previous projects.

Any uniform system that could meet such a broad range of needs
would be so general as to be practically impossible in most cases and
would still be insufficient to handle many situations. Another drawback
in developing such a system is that construction organizations differ.
To be useful a system must be compatible with the methods presently in
use in a particular company. Developing a uniform computer system
capable of fulfilling the needs of each construction contractor would
be almost an impossible task. Finally, such a system would have to be
capable of being integrated with present management functions within
the various departments of the organization. Again, construction
projects are obtained under different types of contracts and the needs

under each contract are not the same, which further enhances the



diversity of need for software. This is discussed under different

types of contracts in the following section.

1.2.1. Stipulated-Price Contract: Under stipulated-price

contract, the contractor agrees to construct a project for a stipulated
amount, no matter what difficulty or expense he encounters. The
remuneration may be made in a series of partial payments as the work
progresses rather than in one final payment after acceptance of the
contractor's work. The contractor essentially receives detail

drawings and specifications. The immediate need for the contractor is

estimating and bid preparation.

i. Estimating and Bid Preparation: Functions of estimating and
bid preparation can be broken down into four data processing applications:
quantity take-off, pricing, printing and evaluation of changes and

alternatives.

Quantity take-off: From the drawings and specifications, the estimator
prepares the input to the data processing system in accordance with the

format and coding structure specified by software.

Pricing: Pricing or costing is the application of rates to previously
determined items of work. The pricing function is often the first
estimating function to be automated by a construction contractor. The
input generally includes the project number, cost code, estimated

quantity, efficiency factor and so on.



Printing: Printing includes the classification, summarization, and

preparation of all printed reports for use in estimating.

Evaluation of changes and alternatives: This data processing
application relates to any major or minor changes in estimates and
creation of new estimates after changes. It can include a facility to
evaluate quickly the effects of alternative proposals.

The computer generated estimate is used as the basis for bidding.
Once the contractor is awarded the project, the immediate task is its

planning and scheduling, a discussion of which follows.

ii. Planning and Scheduling: Planning and scheduling cover the
allocation of time and dollars to produce acceptable budgets and
schedules for construction of projects. The planning phase involves
budgeting time and money. The scheduling phase converts decisions made
during planning into a schedule to be implemented by the field force.

The construction industry has been a leader in the use of data processing
systems to assist planning and scheduling functions. There are at least
four different ways in which data processing systems are now being used
in the industry to facilitate project planning and scheduling. These

are budgeting, scheduling, reports and simulation of alternatives.

Budgeting: The basic function of financial planning is to develop and
provide an acceptable budget. An estimate of cost related to time, on
approval, becomes a budget. This budget is represented in a data
processing system by a file of records containing cost codes, estimated

total quantity, unit of measure and estimated unit cost. Information



from the budget is used to compare actual cost and quantity with data

reported from the project site to determine how the job is progressing

costwise.

Scheduling: For scheduling, the necessary operations are:
development of work breakdown structure, network construction, coding
of activities, and finally, an analysis to prepare a schedule. The
analysis of a network is preferably a computer-based operation which

requires the use of a specialized computer program.

Reports: For scheduling and budgeting, it is necessary to obtain the
following typical output reports with the information listed against
each.
- Schedule report: Activity, its description, duration, start
and finish dates and floats. Project network is drawn by using
a plotting program.
- Milestone report: Milestone number, description, start and
finish dates, and floats.
- Bargraph: Activity schedule plotted against calendar time.
- Resource report: Activity, required resources, start and finish
dates arid available resources.
- Work status and progress report: Once the project is underway,
the schedule must be constantly reviewed and analysed in view of
accomplishment and modification. Project management must remain
informed of job status throughout the 1ife of the project. Therefore,
periodical progress reporting and updating of the project are

necessary and any computer program should have this capability.



Data reported on a work and progress report include éctivity
description, remaining duration, percent completion and start

and finish dates.

- Exception report: The principle is that exceptional situations
are specifically pointed out to management and normal situations
are passed over. One method is to point out only items in

progress or which are likely to commence within a specified period.
Another method is to point out only the specific items for
management action. Information can be critical items that should
have been started but were not started, and critical items that

should have been completed but were not completed.

Simulation of alternatives: Project scheduling using CPM on a data
processing system, provides construction management with a tool to
evaluate readily the effectiveness of proposed alternatives. A
construction contractor can in effect simulate suggested changes in
network sequence and, in short order, be aware of the results of such

changes.

iii. Project Cost Control: The objectives of cost control are:
- to provide management with timely information concerning the
relationship of actual cost to budgeted cost;
- through the accumulation of cost information, to provide current
performance information to be used in future estimates.

These objectives are fulfilled by the following reports:



Labor cost performance report: These are maﬁhour schedule, payroll
and labor productivity reports. These reports help in improving
and maintaining labor productivity and assist in monitoring labor

cost.

Equipment cost report: Cost keeping of‘construction equipment,
particularly fn heavy construction, constitutes an 1mbortant
application area for a data procesging system. Because of the
large investment in equipment, contractors emphasize record

keeping on data processing machines. A sound equipment management
system requires a record of depreciation, maintenance charges and
fuel consumption, 'scheduling of preventive maintenance, comparative
analysis of productive and repair time, and evaluation of operating

and repair rates.

. Material cost report: A data processing system combines the
related functions of paying for material and controlling its use.
Maintenance of project inventories can be performed and tied
directly into the material requirement aspect of the planning and
scheduling system. >Comparative analysis of actual material cost

to budgeted cost is performed and deviations are noted. Ani
extension of material costing activity and accounts payable
abp]ication provide information to management for progress'billing'

of on-site material.

Sub-contractor cost report: A significant part of the total cost for

a project may be represented by charges for work which is sub-
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contracted. When the progress claim of a sub-contractor is
received and approved by the project manager, the documents
enter into an accounts payable system. The dollar amounts are
coded to cost classification set up in the job budget. Sub-
contractor cost distribution records are processed against

the job cost file to update the actual cost and to be reflected
in the monthly financial statement for the project. Management
is provided information that shows the remaining balance of sub-
contract cost. Tied into the project schedule this information

is used for cashflow projections.

Overhead cost report: Because of day to day operations including
office expenses, management and engineering expenses, taxes,
insurance, and so on, the overhead or direct cost is

unavoidable. Depending upon the volume of the construction
business, these expenses are quite significant and proper cost
control is essential. Computerized payroll, accounting and

auditing can reduce the contractor's overhead considerably.

Scope changes: The contractor uses data processing to estimate

and monitor his costs due to owner imposed alterations.

Progress claim: The contractor prepares progress claims, the
engineer certifies them and the owner makes the payment. The
contractor uses a data processing system for his progress claim

preparation.
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Apart from these, a contractor has to exercise control over
his contingency funds, escalation, interest on his bank loans, and so
on, and he needs a computer program for these. However, the data
processing needs are not similar under all types of contract, for
example, cost-plus or management contracts which are discussed next,

do have certain other needs.

1.2.2. Cost-plus Contract: On a cost-plus contract, the

contractor agrees to construct a project for the actual cost of
material, labor, and equipment plus a fee. Under this contract, the
contractor is often involved prior to completion of contract documents
to coordinate the overlap between design and construction.

Sometimes the contractor estimates and submits a guaranteed
maximum price. He is also responsible for planning and scheduling of
the project and resource allocation in a manner similar to a stipulated
price contract. The contractor submits the actual expenditure on
manpower, equipment, material, and overhead cost by periodical
statements. These periodical statements on labor, materials, and equipment
should comply with owner imposed auditing system. Therefore, computer
software is needed for estimating, scheduling, resource allocation and

job-site reporting of actual labor, material and equipment expenses.

1.2.3. Management Contract: Sometimes a construction

contractor is successful in obtaining a project under a management
contract. Management contracts are of two types—project management

contract and construction management contract.
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j. Project management contract: The project manager who is
hired by an owner is the sole project administrator. In turn he
hires the services of architects, engineers and other consultants.
The initiation of policy, programming and planning, budgeting,
and design to completion of project are controlled by a team of
professionals under the direction of the project manager. Tender
and construction documents are produced by the project manager's
staff who ensures that the intent of these documents is followed by
the contractor. His staff prepares an estimate, calls tenders,
prepares network and project schedule, performs resource allocation,
cost control and auditing. Computer programs help perform these
functions for which the project manager is responsible.

ii. Construction management contract: Sometimes the contractor
obtains a project under a construction management contract. This
type df contract allows the owner to exercise control over the
project through a construction manager, design being separately
entrusted to a design engineer. The construction manager is
experienced in construction, supervises activities relating to
scheduling, estimating, value analysis, cost control, cashflow
forecasting, contract interfacing, quality control and similar
construction related matters. He provides construction related
input to designers, general directions to contractors on the
projects, as well as progress reporting to the owner during
construction. Construction equipment and material contracts are
between the contractor and the owner. Computer programs are helpful in

estimating, scheduling, resource allocation and cost control of the
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project .
In view of the diverse software needs of a contractor, there

js obviously no one single program that meets all requirements. Since
the scope of the project discussed in this report is confined to
consideration of cost control software needed by a contractor, further
discussion relates to this topic only; computer programs needed for

other functions such as surveying, dredging and so on are excluded.
1.3 COST CONTROL SOFTWARE IN CONSTRUCTION

Cost control software being used in construction can be
classified into general programs and special programs.

General programs can perform all types of cost control operations
from planning to completion of project. One such program is Project
Management System (PMS) IV which for cost control purposes is used in
project scheduling, resource allocation, cost processing and output
reporting. Some other similar programs are listed in Appendix B. Any
of these programs serves as a useful tool for planning, monitoring, and
communicating relevant information to management as a feedback system
for possible control measures. These programs are fast, simple,
large and multi-purpose, capable of addition, subtraction, simplifi-
cation and modification. Simple coding and data manipulation, quick
error detection and elimination are some other characteristics of these
programs. Most of the programs are available for lease, rent or

purchase at a reasonable price.
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épecific programs are good for cost control purposes only at
one stage of the project, for example an estimating program. Some of
these specific programs are listed in Appendix C. These specific
programs are good for only one particular function and require a 1imited
storage capacity. Such programs are comparatively inflexible and
present difficulty to add to, delete from, modify and simplify. Thus
they are unadaptable for broader usage. Each of these programs is
developed for the solution of a specific problem. Some of them are not
proprietary and are not leasable. Because of the large and complex
nature of modern projects, it sometimes is necessary in a single project
to use a series of specific programs.

The other matters of concern relating to cost control software

are the sources of software and hardware, a discussion of which follows.

1.3.1. Software Sources: Computer programs can be created by or

obtained from five possible sources: firms specializing in program
development; developers of package programs; moonlighters; manufacturers
of construction equipment; and the contractor's own staff.

i. Firms specializing in program development: These are firms
who specialize in creating programs. Some of them are part of a
computer manufacturing company. Most of them are consulting firms
who provide these services. They develop software but most of them
are not knowledgeable in construction, particularly in the heavy
construction field. Therefore, much of the work has to be done by the

contractor's staff.
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1. 'Developers of package programs: These programs are developed
‘by universities, professional societies, or by computer manufacturers
who have established programming libraries over a period of time and
make them available to their customers with or without charge. Another
source of these programs is the various groups of computer users that
have banded together to establish a library for joint use. Manufacturers

naturally develop these package programs for obvious market reasons.

jii. Moonlighters: They generally are engineers working for
co]ieges or highway departments who have become interested in
programming and do it as an avocation. This could be a good way to
start developing programs but it is not satisfactory for either party
on a permanent basis. The programmer is at a disadvantage because
as he develops programs, the contractor might change the system
requirement or may decide to employ full time staff. The programmer
is not sure just what is really required by the contractor and what

can be counted upon.

iv. Manufacturers of construction equipment: Many manufacturers
of heavy, automated type equipment have developed programs to

evaluate the performance of different types of equipment.

V. Programs developed by contractor's own staff: The ultimate
alternative for a contractor is to develop programs by his own
Programmers, engineers and estimators. This seems to be the best

alternative if it is economical. Again, a significant portion of
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software development is the cost of computer hardware. The option
to select ready-made software from the market or to develop in-house:

is appreciably influenced by hardware selection as discussed here.

1.3.2. Hardware Sources: Obviously there is an economic

limitation as to what can be spent on a computer. At the present time
there are two alternatives for making use of what is presently
avai]ab]é within practica] economic limsits. These are, the contractor's
own computer facility, and the facility qf a service bureau.

i. The contractor's own computer facility: A contractor can own
or lease three types of computers. The first is the relatively ‘
high cost and high speed computer. The second type is low cost,
and Tow speed principally oriented for engineering purposes. . Both
of these are punch-card orieﬁted, and will therefore usually require
raw input data to be transcribed in a punch-card entry format which
is set by the software. The third kind is the micro-computer, which

can be high or low speed but with less storage capacity.

ii. The facilities of a service bureau: The facilities of a
service bureau can offer almost anything; It can make available
the largest computers as well as provide a portion of a large A
computer. The contractor can share the use of these computers with
others, and communications with it can be achieved through a

terminal similar to a typewriter and located in the contractor's
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office. For high speed and high cost computers, the speed is about
1000 lines per minute and lease cost would be between $1000-$5000 a
month.2 Use of the facility can become more economical if the
contractor has besides project cost control a computerized payroll,
accounting, auditing and inventory system, as well as use for it in
other engineering applications.

The service bureau can provide an engineering type of compute;
which is slower - aﬁout JO—30 percent of the speed,éf a commercial
computer. The service bureau can even p;ovide the software necessary
but such programs are written for commercial purpo;és. The contractor
can use either of these facilities or both on an hourly rental basis.
The computer can be located in a different town or in a separate
building. The remote teletype terminal even e]iminates.tﬁe use of a
data deck. Oncé the sources of software and hardware are known, the

next requirement is to analyse the cost of acquiring software. This

is now discussed.
1.4 COST OF ACQUIRING SOFTWARE

Table 1.1describes the cost of leasing, renting and purchasing
package programs. It is observed that the present worth of buying a
software package is much less than that of leasing or renting.

Further investigation in this research is limited to buying a software

Zw. Myers, Software Productivity, Quality and Cost: All Up.
Computer, Dec., 1977.
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TABLE 1.1. COST OF PROGRAMS* (YEAR 1975)
COST (U.S. DOLLAR)
NO. NAME OF PROGRAM PURCHASE RENT/LEASE
1. CAS/CPA/FMR 17000 -
2. CONTROL/IMS : : - 5000/ year
3. CPM/RPSM-Critical Path Method/Resource| 22000 625/month
Planning and Scheduling Method ¥
4. CPMIS-CPM based Management Information| 15000 - 300/month
System :
5. EMS-Equipment Management System [ 10000 400/month
6. EZPERT-Easy Pert 32000 1280/month
7. FASTNET-Fast Network 0.05/activity ‘ 0/03/activity
8. GASP IV-General Activity Simulation - 7500 + 200/m
9. JARS 6000 -
10. NPSCP-Network Project Scheduling 24000 1500/ year
Program
Bl PAC II 17800 -
12. PERT 6 12400 500/month
13. PRIDE-Profitable Information by Design| 75000 -
‘14. PROCON 12500 1.50/report
15. PROJECT/2 - 250/month
16. PROMIS/RAM 5000 150/month
17. PROMIS/TIME : 5000 150/month
18. PMS-Project Management System 90000 496/month
19. SPACE-BANK 3000 ' 10 + 0.50/
20000 includes -
computer also
20. T/A Series CPM Program 18000 7000/ year

*

PMI, Computer Software Survey, Drexel Hill, Pa., 1975.
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package. Another fact is that the cost of leasing or renting a

special program varies and in some cases is higher than leasing a
general program. On the other hand, program writing and debugging
cost time and money. The cost of programming expertise is extremely
high as compared to mechanical computing. The cost of programming
for large projects now appears to be averaging about $120 per
instruction as'compared to fully debugged and documented instruction
averaged at $15-%$20 previously, both within International Business
Machines (IBM) and elsewhere. :

4 'Table 1.2 provides the actual development cost for single and
multi-step special programs. The table indicates that the cost of a
single step special program is higher in terms of manhour and computer
time per card than that of a multi-step iterative program.

Besides financial restraints,3 there are other factors
deserving consideration in this context, such as:

i. To develop a program in-house, it takes generally from
a few months to several years and is often subject to serious delays,
whereas package programs can usually be installed and made operational
within a week or a few days.

ii. The cost of in-house development is almost impossible to
predict accurately and is often seriously underestimated, whereas

package programs are offered at a fixed or negotiated price.

3Datapro Research Corporation, Datapro 70, Buyer's Bible,
Delran, New Jersey, 1977.



TABLE 1.2 DEVELOPMENT COSTS FOR SINGLE AND MULTI-STEP PROGRAMS4 (YEAR 1976)

ITEMS' PROGRAM NAME ‘ NO. OF CARDS PROGRAM TYPE MAN-TIME SPENT (DAYS) | COMPUTER COST'(%]
' TOTAL /CARD TOTAL { /CARD
1 | Space Frame ' 1020 'Multi \ 49 0.048 - ¥
2 | Section Property 380 Single 20 0.053 A :
3 Concrete Est. 2520 Multi 30 0.012 1300 s
+ Concrete Slab 8080 Multi 45 0.006 2700 0.33
5 CISC - 1 2970 Multi | 54 .| 0.018 480 0.16
6 CISC - 2 2810 Multi- 28 0.010 1130 0.40
7 Geometry Gen. 3500 Multi - 63 ' 0.018 5000 1.43
8 Load Cases 1800 Multi 24 0.013 1500 0.83
9 | Dome Geometry ’ 100 * Single - 5 0.050 100 | 1.00
10 Mesh-Plotter 1800 Multi 14 0.008 500 0.28
11 Moment Plotter 200 Sing]e 5 0.025 60 0.30
12 Finite Element Analysis 9000 Multi 500 0:055 5500 0.59
13 Column Stack Design 7600 Multi 93 0.012 5800 0.76

4Chris M. Szalwinski, Specialized Computer Program Devé]opment—Expectation and Costs.

Ontario, Canada, presented at the Annual Conference of Engineering Institute of Canada held
at Halifax, 1976. -

02
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iii. Some in-house development efforts never reach completion,

for a variety of reasons, whereas package programs are usually a
known quantity.

jv. Comprehensive documentation, often sadly neglected on
in-house projects, can be demanded as a prerequisite when
purchasing most packages. There may be considerable resistance in
both management and technical circles to the idea of purchasing
applicable software from outside sources. However, this can easily
be overcome by stressing the clear-cut economic advantages and the
fact that the in-house staff will be relieved of the need to program
mundane, commonplace applications and be free to work on more un-
conventional and challenging aspects of projects.

In spite of the difficulties associated with in-house development,

some contractors are still found developing programs because of

circumstances discussed in the following section.
1.5 STATE OF ART

Presently, as related to the use of computer data processing,
construction contractors can be divided into three groups. The first
is contractors who deal in large projects and are regular users of
computer data processing systems. They depend considerably on data
processing as an efficient tool to aid management in planning and
control. These contractors become quite efficient in computer
applications and usually have in-house programming personnel. As they

grow and encounter new problems, they engage in developing computer
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programs pertinent to their specific needs. The development process is
continuous and as a result they constantly develop numerous small
programs, and gradually link them together into a mammoth general
program.

The second group on the other hand, contractors dealing in
small projects, depend mostly on manual data processing. But as they
expand they find manual data processing tedious, slow and prone to
errors. They realize the usefulness of an electronic assistant, the
computer. Naturally they get interested in it and start using some
proprietary software, but because of inherent human instinct they start
believing that their problems are special, and that existing ready-made
programs are complex. Consequently they get involved in developing
in-house new computer programs.

Initially each small contractor starts with a specific program
for minor application. However, in due course the manifold demands of
his organization, the diversity of projects and the variety of
contractual needs, forces him to commit his resources at an increasing
rate. He also keeps adding and expanding. Gradually the specific
program becomes larger, more complex, and comparatively general.
Finally, he ends up with a general program which he could have obtained
in the first instance as a canned package. This is how new programs
are being continuously added to the list of existing programs.

The third group of contractors deal in very small projects
and their business being very small does not warrant the use of

computer data processing. They depend mostly on manual data handling.



‘ <

At the most they use a ready-made package program and never develop any
sort of in-house computer program for their use.

Proliferation of new program development exists in all
ijndustries, perhaps in a similar manner as described here for the
construction industry. The estimate5 of the overall cost of software
development and maintenance in the United States ranges from 15 to 25
billion dollars.

The following developments in software technology are some of
the other reasons that attract contractors to develop their own
programs.

-Software productivity is improving at a rate of 3-7%

(20% at IBM).°
-The software/hardware ratio is 7:1 costwise. >
-Programming quality once in the area of 34-35 errors per
1000 lines of code has dropped to about 0.6 errors per 1000
lines of code.®

-The maintenance ratio for existing programs is 75-80%.5

-Modern programming practices are very efficient.5
Further, some contractors are specialty contractors and deal in only

one particular field, for example fabricating prestressed beams. Such

contractors believe that their needs are special, existing programs

5N. Myers, The Need for Software Engineering, Computer,
February, 1978.

GN. Myers, Software Productivity, Quality and Cost: A1l Up.
Computer, Dec., 1977.
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are too general, complex and difficult to use. They like to develop
programs that are simple, easy, fast, ‘appropriate, accurate, time and
cost saving. The other areas of interest to them are payroll,
accounting, bookkeeping, auditing and inventory control. Some of them
aim at prestige associated with being progressive in computer
applications.

However, the decision to buy rgady-made software or to develop
a specific program is not based on sound economic criteria. It is
characterized by a gradual drift toward specific software development.
There is a lack in the construction industry enyironment of a suitable

methodology to aid in making any strategic decision on the software

make-or-buy issue.
1.6 THE NEED FOR A DECISION MODEL

There exists a need for a methodology that can assist a contractor
in selecting a software buy or develop mode. There is a need for a
decision model that will result in economy for the contractor.

There are many factors that will have direct bearing on a
contractor's decision to buy or develop a computer program. The system
should be comprehensive and easy to use, and harness computer power to the
task of ‘helping the contractor do a better job economically. Questions
of economy, budget, and system flexibility are priorities. So there is
a need to optimize every factor, for efficiency of the decision mode]k
Therefore, if there exists an‘optimized model for decision simulation,
taking into account causes and constraints, the decision making body,

management, can easily handle the issue; management can confidently buy
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software or engage in in-house development.
1.7  STATEMENT OF THE PROBLEM

The needs of construction contractors for diversified projects
and different types of contracts vary. In spite of profuseness of
ready-made software for the construction industry, high developing
and debugging cost as well as many other constraints, both small and
large firms have become involved in in-house software development.
There is no evidence of a sound economic decision strategy.
Therefore, there is need for a methodology to improve the quality of
a contractor's decision to develop or buy computer software. The
problem is to help the construction contractor's decision making
process in selecting software acquisition mode. The variables that
influence this decision need to be delineated so they can be
incorporated in a decision methodology or considered to improve the

quality of contractor's intuitive decision.
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VARIABLES

This chapter lists and describes the variables which affect
the decision for software acquisition mode. Some of these variables
which are uncontrollable are called states of nature; other variables
are listed as controllable variables. The inputs and outputs of the
decision model are described in the chapter.

The states of nature and controllable variables that are
described in the following pages are assigned alphabetic symbols

which are used later in Chapter III.
2.1 STATES OF NATURE

The following variables being for a major part uncontrollable
by the contractor are classified as the states of nature for the
decision model.

2.1.1. Financial Capability and Volume of Business (A)

2.1.2. Company Clientele (B)
2.1.3. Contractual Needs (C)
2.1.4. Additional Projects (D)
2.1.5. Uncertainties (E)

2.1.6. Hardware Availability (F)

2.1.7. Life Span of Software (G)
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2.1.1. Financial Capability and Volume of Business (A):
Financial capability denotes the availability of capital to a
construction contractor, and volume of business indicates the number
and size of projects the contractor can build simultaneously.

Construction contractors can be classified into three classes -
small, medium and large. The contractors with capital of one hundred
thousand, one million and more than one million dollars are
considered to be small, medium and large contractors respectively.
Then again, there are general contractors and specialty contractors.
The general contractors are those who are responsible for and
coordinate all aspects of a project. The specialty contractors only
deal in one aspect of a project and are usually subcontractors.

A decision on software '‘develop or buy' is neatly tied with
the contractor's financial capability and volume of business. If the
contractor is financially capable and has a large volume of growing
business, once he is convinced of the need for a computer program he
will be much inclined to develop it in-house rather than buy it from
others. On the other hand, if the contractor's financial capability
and volume of business are small, he would rather buy ready-made

software if needed.

2.1.2. Company Clientele (B): Company clientele refer to
the owners of company projects. If the owner of a project is a
government department, a bank, or a trust company, it will prefer a
contractor who is running his business efficiently, which includes

efficiency in data processing by computers. This is because these
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public bbdies are convinced of the benefits of computer data processing
and use it for their own business. Such clientele would like the
contractor to submit schedule reports, progress claims and expediting
reports generated by the computer. If the client is an individual who
is not used to computer reports, he may not insist on computer usage.
Thus the type of clientele exerts some influence on the contractor's

decision to use a computer in his business.

2.1.3. Contractual Needs (C): A contractor does not always
obtain projects under a signular type of contract; he accepts any
contract that looks promising. Under different types of contracts,
the contractor needs to process his data in different ways and present
reports to satisfy a client's needs as per his contract. Many
proprietary software can process data and generate report:
suitable for certain contract types but not for all of them. Therefore,
the contractor's decision on software acquisition should correspond

with his contractual needs.

2.1.4. Additional Projects (D): This pertains to his
expectation of obtaining additional projects providing there is an
opportunity for use of software and is based on market trend, political
and other influences. To a large degree, the nature, size, and
complexity of a project determine the extent to which computer programs
are used. The versatility of software, so that it can be used on
projects of varying size and complexity that a contractor expects to
perform in the future, is a desirable feature which must be considered

in deciding the mode of software acquisition.
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é.1.5. Uncertainties (E): In-house software development
projects generally take from a few months to several years to complete,
and are often subject to serious delays.

The cost of in-house softward development is almost impossible
to predict accurately and is often seriously underestimated. Similar
uncertainties exist over expertise requirements and some in-house
development efforts never reach completion. Further, there is no
guarantee of quality. Not being in the software development business,
the contractor does not have much control over these uncertainties.

Their consideration is necessary in software acquisition decision.

2.1.6. Hardware Availability (F): This includes the computer
size, type, its memory and its peripheral devices such as printer,
plotter and so on. The selection of software acquisition mode also
depends on the ownership and location of the computer facilities.

Does the contractor have his own computer or does he have access to a
terminal? Must he use the computer in time sharing mode via a teletype
or use cards in batch processing? The software which is compatible
with the hardware facilities available to him must suit his needs
unless he can afford to buy computer hardware to match computer
software, which does not seem to be a prudent policy. He does not have
any influence over the computer hardware market, he is only a user of

the facilities.
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2.1.7. Life Span of Software (G): The advancement of computer
technology renders many computer programs uneconomical to run. The
1ife span of software indicates the length of time that a certain
program will continue to be useful for the contractor's purposes from
an economic point of view, and therefore the length of time allowed
to amortise the capital cost of the program. The economic life is
predicted considering the influence of technical obsolescence of
computer hardware. If a contractor has developed his own computer
program which he runs in time sharing mode on a computer, his program
may become useless if the computer data processing centre decides to
change its hardware. Also, if he is using an old computer program
which is not modified to take advantage of the new hardware
capabilities, his computer processing becomes uneconomical. It is
therefore necessary to consider the life span of a program in

selecting the software acquisition mode.
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2.2  CONTROLLABLE VARIABLES

The following factors are considered to be the controllable

variables:

2.2.1. Company Investment Strategy (H)

2.2.2. Company Prestige Factor (I)

2.2.3. Company Organization Structure (J)
2.2.4. Project Needs (K)

2.2.5. Other Needs (L)

2.2.6. Software Operational Characteristics (M)
2.2.7. Software Facility and Capacity (N)
2.2.8. Software Legal Aspects (V)

2.2.9. Software Purchase Cost (P)

2.2.10. Software Development Cost (Q)
2.2.11. Software Maintenance Cost (R)
2.2.12. Overhead Expenses (S)

2.2.13. Time Factor (T)

2.2.14. Expertise Requirements (U)

2.2.1. Company Investment Strategy (H): This is the policy
adopted by the contractor to optimize the use of his company resources.
Each contractor has a 'line of credit' and consequently, a maximum
of available investment capital. The maximum investment is distributed
over all projects of the company and therefore only the surplus capital
if any, after meeting -the capital and operating needs of the projects,
is available to meet other needs. If funds are available, the

contractor develops policy for their investment.
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A contractor with large unutilized funds may like to develop
his own programs. Others with cashflow problems may like to purchase

or rent the services required.

2.2.2. Company Prestige Factor (I): It is recognized that a
contractor may wish to own a sophisticated computer or a specialized
construction equipment unit, employ a reputed project manager or even
complete a project before its stipulated completion date for reasons
of prestige, political obligations or continued good business
relationship. If this should be the case, his selection of mode of
acquisition of a computer program will certainly be affected by his

desire for prestige, even to a disregard for cost.

2.2.3. Company Organization Structure (J): The construction
organization is a system in which men, machines and money are
deliberately combined for the accomplishment of the contractor's
objectives. Initially the contractor starts with a very small
organization which may be run on an owner-operator or partnership
basis. At some point a partnership company becomes a corporation.
With further growth, the company organization structure changes from a
simple line and staff to a very complex matrix organizatijon. But
because of complexity, huge size, and the distance of projects from
the company headquarters, the original communication channels become
very inefficient and the contractor has to consider the introduction
of a computer aided information flow system. If it is decided to
develop software internally, a question arises - whether there should

be a separate programming department or should the programming functions
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be absorEed in any of the existing departments as a new section?

How should this additional department or section function in the whole
organization of the contractor? In this way the contractor's
organization is first responsible for the decision to acquire a
computerized information flow system and then its own structure is

influenced by the decision to buy or develop the software.

2.2.4. Project Needs (K): The contractor usually starts with
one type of project but the market situation, government regulations
and company strategy for diversification make it necessary for him at
some stage to do other types of projects also. There may be many
types of projects but the most common ones are:

i. Dams, canals and hydro-electric work

ii. Highways and railroads
iii. Tunnels
iv. Bridges
v. Piers, jetties, and breakwaters
vi. Airports
vii. Pipelines and pumping stations
viii. Water and sewer lines, sewerage plants, and other more
sophisticated antipollution installations
ix. Atomic plants, missile launching pads, tracking stations
and other military installation.

Some projects have special data processing needs. For instance

a simulation program can be very beneficial for a tunneling project,

or a program to calculate cut and fill volumes of earthwork can be
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very usefu] for road construction contractors. In general, proprietary
programs are written for specific construction environment and are
therefore not suitable for meeting all the needs of a contractor.

This fact doubtlessly has an influence on a contractor's decision to

buy or develop his own software.

2.2.5. Other Needs (L): Computerization of payroll, accounting
and bookkeeping, auditing and inventory control enable a contractor to
get the routine work in his business performed more efficiently.

Sooner or later every contractor has to computerize these routine
functions. Whatever programs he decides to use for construction cost
control, they must have the capability to be interfaced with these
general business programs for efficiency in data handling. The
interface capability is therefore an important factor that influences

his decision to buy or develop a program.

2.2.6. Software Operational Characteristics (M): The operational
characteristics are important factors to be considered in deciding
whether or not to buy a proprietary program package. These are:

i. Simplicity: The system must be relatively easy to
install and operate. The input data should be easy to operate and
output reports must be understandable.

ii. Flexibility: The system must provide allowance for the
retrieval of non-standard reports, either through a defined report
generator or by additional programming. It must have the ability to
interface different projects. It should be flexible for modification.

It is desirable as well, to allow for variable combinations of input



35

parameters for flexibility in output reporting format.

iii. Reliability: The system should have been fully tested and
made free from bugs. It must have a proven record.

jv. Controls: The system must have extensive editing capability
for the detection of errors in the input data, and must contain controls
which ensure that all input data is accounted for. Sufficient audit

trails must be provided as well as restart or recovery procedures.

v. Documentation: Adequate documentation must be supplied
with the package for computer operations personnel as well as the user.
It must be complete in all respects and readily comprehensible by
those who will use it.

vi. Maintainability: The user must have access to programming
personnel familiar with the system for the purpose of correcting latent
program bugs, as well as for the implementation of any modifications
and/or extensions which are deemed necessary.

vii. Capacity: The software must be capable of Hand]ing both
large and small networks as well as all types of reports necessary.

viii. Efficiency: The program must be written in such a manner
as to take advantage of current programming technologies and must make
efficient use of computer resources. The operating and file handling
procedures must be such as to avoid complications in the computer room
and allow for adequate turnaround.

ix. Compatability: The system must allow for interfacing with
other financial accounting systems, whether this be done automatically

or by manual procedure. In terms of running the system on two or more



36

separate'computers, the programs and files must be compatible from
hardware to hardware.

x. Data Base: The data base must contain all the elements
necessary to provide management with the desired information reports,
but retain historical information relative to cost.

xi. Data Sequencing: The System must provide extensive sorting
capabilities which permit the user to produce management reports in any
desired sequence.

xii. Cost: The system must be economical in terms of

installation and operation.

2.2.7. Software Facility and Capacity (N): This includes the
program facilities such as network processing, resource allocation,
estimating or cost processing and program capacity pertaining to the
number of activities, events, subnets, networks, interfaces and so on,
that it can process. A match between his needs and the program
facilities and capacity is required which guides his decision in

acquiring a program.

2.2.8. Software Legal Aspects (V): When a computer program is
acquired from an outside agency, the agency guarantees the successful
operation of the program but takes no responsibility when a difficulty
arises due to unauthorized changes made by the user. On the other hand,
there is no restriction on the changes to a program developed by the
contractor's own organization. The in-house developed program is
therefore more responsive to his needs without any fear of losing a

guarantee.
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2.2.9. Software Purchase Cost (P): The capital cost of
purchasing at market value a proprietary software package including -
taxes is one of the most important considerations in making his choice

of a program. If the cost is high, he is deterred from buying.

2.2.10. Software Development Cost (Q): This is the capital
cost of developing a completely new software in-house. It includes the
cost of men, machines and mechanism to.develop the program. If the

cost is high, he prefers to buy.

?

2.2.11. Software Maintenance Cost (R): This is the cost of
effort including the wages of program operator and analyst during the
trial runs, additional runs, error elimination, obtaining successful
runs and computer time to make a proprietary program package completely
operational. This is essential because a newly developed program is
not free from bugs and needs several trial runs to make it operational

fqr the purpose it has been developed.

2.2.12. Overhead Expenses (S): This implies a daily, weekly or
monthly fixed cost of non-productive operations. It comprises a pro-
rated cost of management and office facilities chargeable to the

direct cost of in-house program development.

2.2.13. Time Factor (T): This is the time required to develop
the program in-house or alternatively the time required to make a
proprietary software package operational and free from bugs. This
time should not be later than the time the contractor requires a computer

program for a project. Thus a time factor enters the decision process '
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both from the point of view of the time available and the time

required.

2.2.14. Manpower Requirements (U): This refers to the
skilled manpower requirement to develop a program in-house or to make
a proprietary program package operational. While the manpower
required to make a program operational is not very much, manpower
requirement in the in-house development of a program is directly
related to the program size and complexity. The decision on the mode
of software acquisition will certainly be biased toward in-house
development, if the required expertise is available within the

organization.

2.3. INPUT - OUTPUT

While the system which is the decision model is described in
the next chapter, the controllable variables which form the system
input and the states of nature with which the input interacts, have
been described in this chapter and are illustrated in Figure 2.1.
The outcome of the interactions is processed via the decision model
to generate the output which is the selection of the most economic

mode of software acquisition.
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Company Investment Strategy

Cq 1 *
Company Prestige Factor Company Size and Volume of Business

1 *
Company Organization Structure Company Clientele

*
Project Needs Contractual Needs

Other Needs Additional Needs*
QUTPUT
Software Operational Characteristics
Software Features and Capacity DECISION MODEL MOST ECONOMIC DECISION

TO BUY OR DEVELOP SOFTWARE

Software Legal Aspects

Software Purchase Cost

Software Development Cost Hardware Availability*
Software Maintenance Cost Life Span of Software*
Overhead Expenses Uncertainties*

Time Factor

Manpower Requirement

Figure 2.1 Input-Output for the Decision Model

* States of Nature
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CHAPTER III
METHOD OF SOLUTION

The problem and variables affecting the software acquisition
decision having been presented in Chapters I and II, this chapter
describes the solution. First, an overview of the methodology for
solving the problem is presented through a Summary Flowchart, then a
description of the Detail Flowchart and Decision Matrices follows as

a comprehensive methodology for a software acquisition model.
3.1 EXPLANATION OF SUMMARY FLOWCHART

The Summary Flowchart is presented in Figure 3.1 which gives an
overview of the methodology used for the decision model. This chart
comprises six steps. The first five steps are information gathering
operations which form the basis of subsequent decision action. The
sixth step is the comparative analysis of costs and physical limitations
and selection of software acquisition mode through a decision process
for which the methodology is developed. This methodology is a
systematic decision approach in which payoff matrices are developed to
select the software acquisition mode which is the outcome. The matrices
are described by decision rules. A brief explanation of the Summary

Flowchart follows.
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EVALUATE SUITABILITY OF PROPRIETARY SOFTWARE

DETERMINE TOTAL COST TO BUY

" STUDY. PHYSICAL CONSTRAINTS OF-IN-HOUSE DEVELOPMENT
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DETERMINE TOTAL COST FOR IN-HOUSE SOFTWARE DEVELOPMENT

COMPARE COSTS AND CONSTRAINTS
AND SELECT ACQUISITION MODE

Figure 3.1 Summary Flowchart
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i. Establish Software Requirements: These requirements are
the basic information to consider before computer application is
justified for the contractor's operation. They are established
through the consideration of volume of business, types of construction
contracts, company clientele, the volume of work related to financial
accounting such as payroll, inventory, bookkeeping, auditing and so on,
that should be computerized, and company policy such as investment

strategy, and prestige factor.

ii. Evaluate the Suitability of Proprietary Software: Having
established his software requirements and knowing the various kinds of
data processing and reporting, the contractor should look into the
functional characteristics of the available programs. Analysing
program characteristics in the 1ight of his needs, the contractor can

determine their comparative suitability.

iii. Total Cost to Buy: This is the cumulative cost for
purchase of proprietary software, sales tax, maintenance and overhead

associated with it.

iv. Physical Constraints of In-house Development: Apart from
the monetary considerations certain physical considerations are
necessary for developing a program in-house. It is very difficult to
predict when the program development will actually be complete and how
much expertise will be required. Neither can it be stated with

certainty whether the program development will complete at all.
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v. Development Cost: This is the cumulative cost of all types
of expertise for production and maintenance of a program, computer

time, and overhead chargeable to in-house program development.

vi. Compare Costs and Constraints: Knowing the total costs and
constraints affecting purchase and development, a comparison of
Expected Values (EV) is made to select the mode of acquisition at
minimum cost. In the unlikely case of two values being equal, priority
is given to the method of acquisition involving the least capital
outlay. If the two choices have equal costs, purchase has the highest
priority. The selection is made through a decision matrix which is the
heart of the methodology presented here. The outcome is the most

economic mode that ensures the suitability of the software acquired.
3.2 DETAIL FLOWCHART

The Detail Flowchart presented by Figures 3.2.1 to 3.2.5
illustrate the comprehensive procedure used to solve the software
acquisition problem. The completion of each step of the Summary Flow-
chart is denoted by a corresponding node number in the Detail Flowchart.
Every step of the Summary Flowchart is broken down into substeps in
the Detail Flowchart. The Detail Flowchart enumerates each substep
which in most cases is dependent upon a number of measuring components.
These measuring components influence to varying degrees the value of
variables determined in a substep and consequently require comparative
weightage. In applying this methodology to a problem, comparative

weightages are to be provided by the user in view of his own situation.
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The substeps in the Detail Flowchart up to node 5 depict
information collection, organization and analysis for the seven states
of nature and 14 controllable variables as described in the preceding
chapter. Following node 5, development of the matrices and their
analysis, until the final decision block for Expected Value (EV) is
reached, is discussed and a systematic decision approach is described.
The following four types of matrices are developed in connection with
the Detail Flowchart. These are:

i. Relative Weightage Matrices

ii. Interaction Matrix
iii. Importance Rating Matrix
iv. Expected Value Matrix

However, before developing -matrices it is necessary to determine
numerical values for each controllable variable and states of nature
represented by various substeps of the Detail Flowchart. This is done
by enumerating its measuring components, assigning to each a symbol for
later reference, and assigning comparative weightage. The weightages
are assigned to measuring components using a scale of one to ten, the
total weightage for each substep being 10. This is illustrated in
Table 3.2.1 taking as an example substep A. The weightage will
subsequently help determine the relative weightages of variables in

terms of 'buy' or 'develop' options.
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TABLE 3.2.1

MEASURING COMPONENTS FOR SUBSTEP A

Measuring Component Symbol Weightage
A
Number of employees | 1
Number of projects A2 1
Total worth of business A3 5
Period of operation A4 1
Growth rate A5 2

Relative weightage matrices will be developed for each substep
in Chapter IV where an example is presented. However,.the measuring
components for each substep are presented in this chapter.

The Detail Flowchart for node 1 - ESTABLISH SOFTWARE
REQUIREMENTS - comprises 9 substeps: A, B, C, D, H, I, J, K, and L.
The measuring components of A being presented in Table 3.2.1 above, the

remaining measuring components are being presented in Table 3.2.2.



DETAIL FLOWCHART

(’/,//‘

DETERMINE
A

DETERMINE

(//,//’

B

DETERMINE
C o

feore”

DETERMINE
D

DETERMINE
H
DETERMINE
I

g RN ST

FINANCIAL CAPABILITY & VOLUME OF BUSINESS (A)

(Table 3.2.1)

COMPANY CLIENTELE (B)
(Table 3.2.2 Substep B)

CONTRACTUAL NEEDS (C)
(Table 3.2.2 Substep C)

ADDITIONA<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>