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ABSTRACT

-
.

A.STUDY OF COMPUTER SYSTEM HARDWARE REQUIREMENTS
. : N\
FOR THE PURPOSE OF PROJECT CONTROL

IN A GENERAL_CONTRACTgﬁgzébNSTRUCTION'FIRM . \

R Charles S. Eklove g

\

This report addresse% itself to the reéuirements : ' §

' (

\ :
of a general contracting firm in performing the
H N

function of'project control. In pérticular, with ) o 4
feépect to the implementation of an in house combuter
management information system, this report investigates ) !

the type. and quantity of data that would be input and

output and the users who would vtilize the system.
The benefits of a computer management information system

are .also discussed.
\ SN o B
This report also gddresses itself to those |, , i

features and requirements which are to be considered

when deciding what computer egquipment should be

selected and how the system should be configured. - |

It also displays the type of calculation that is iﬁvolved

-in determining the capacities of the computer hardware ’

1

systém components required to fulfill the requirements

of the firm.
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S ‘ A Study of Computer System Hardware Requirements * .
Lo . ) !
o ‘ - for"he Purpose of Proaect Control in a General

. Contracting Firm. ' , )

The information presented in this report
was gathered by~means of a llterature survey and S&om .
interviews the author conducted w1§p representatives’ . <-x$§?\\;
from general contractiné and engineering companies. ) o
The ‘author also érew on his varied persqnal

experiences in working with computers and in construction-

"'”7’{;“:: -

and rqalvestﬁte,actiﬁitieé. The author's computer ./

-
i

experience includes working with mainframe -/

gn T

g

- instaliations. smal% business ‘systems and microcémbuféns " ,f

~oVer seven years. . His expg;ience in real estate and
- constr:ction activities spans five years. 3
This Major Technical Report was written to be J -

. o easilyrundérgtood by the reader with a very limited

o 2 T NI WO T

« background in the computer field. With this aim

et

in mind certain efficiencies were sacrificéd to the

goals of clarity and ease 6f reading. For example, . \

5 A

=

although a glossary of computer terms is providéd

following the text, definitions are aiao provided

HER T, | e

within the text:wherever deemed expedient.
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Chaptér 1 . -
COMPUTER BASER 'INFORMA\!ON SYSTEMS -IN THE CONSTRUCTION
N hY ! ¢

INDUSTRY T
N\

1.1 Introduction

In the construction &ndustry changes and trends
are occurring which are making computer based infor-
mation systems more applic;ble to medium and smaller
sized general contracting fimms.

These trends apply to both the construction
industry-and to the computer industry.

'Pfoject size for a constructien firm is ofﬁen in
terms of millions of dollars. The scope and risk
ékposure of such ventures demand close and accurate
project control. This close, acéuraje project control
often requires large amounts of information to be com-
piled and reports to be p}oduced in short intervals of

time for use by manggement.

large volumes of information. to process it, complle
it and produce reports accurateli and very quickly’
as compared to manual systems, as well as the ‘
fact that costs for hardware and éoftware with
}egards to computer proce;;ing power are corftinually

decreasing make the computer-based information

s ot .

. '
W«.”_ e —p - . P Y s s

The ability of computer-based systems td handle .
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systems a prime consideration for construction
firms.

WHen a computer-%asgd information system }s
installed, a fdrmalized‘system is set up t0 ensure
propér data'entry processing and éﬁtput. FPormalized
systems tend to ensure that management gets the
information that:is desired and required and that
it is complete and on time. At the sage time they
help minimizé ménagement'involvement in report ,’
preparation. This project'con%rél information fncludes
- §ob costs, change orders, equipment‘rentals. work
. scheduling, resource allocatioﬂ.,;eborts,‘;udit-

. trails etc. Pormalized systems also tend to reduce
the ihpéct on the pfoject of change of personnel and so

can tend to increase the flexibility  of project managers

and other company personnel. It should be realized

‘that in"gny firm which has been operating successfully .’

for a number of years systems of information procesg-
ing are in force alt@ough very often informally.
In this casé‘cgange of key personhel'cdn‘be quiG?
traumatic to the firm. . S
When‘impiementing formalized systems care must be
taken to ensure that listed procedures do not replace

the thought process. Each project has a ‘portion of
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bullt 1nto the. formal systeme i .
o + ;)
- ., The 1mplementatlon of a new systbm can sometimes

9

,effect a change 1n the procedure. 1tself
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' ‘;’ introduction of a computerized management information
system'can result in changes in the methods of project
control -“The investigatlon of this is beyond the ‘scope
of‘this’reportJ. .This report. ccnsiders only the’

.~ N - melementation of-a computerized management information
system to the ex1sting procedures of ‘project control.

. - There are many factcrs that must be considered be~-
fore a company can decide to make use of a computer--
ized MIS (managemeht 1nformation system). As
outl1ned above the 1ncrea51ng capabillty of a computer-
i ] L ized M I :S to process large amounts of data qulckly,

. _'eaccurately and economlcally lends 1tsel£ nicely to the'

.
SR

&
f ‘ . requirements of project control.

P
*

% = . In addltion, besides the technically relatedw_ -

. : cchsideratlons there <can be significant changes in. =

the cpmpany These changes can be traumatlc for the
.
existing company personnel and thelir significance

Ve

should not be underestimated. oo T .

. - Ay MIs system must also be considered within\

1nd1vidual character and "’ thls must be alloWed fcr: i. e.--'

“the management and- information flow structures of - l‘

o
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; . ' the context of the operation of the company. 1In o : z
{ : aédition'to project centrol firms must pérform
. _ basic accountlng functions includingﬂaccounts payable.
accounts recelvable, payroll, general ledger etc. The
MIS employed py the company can %2 comprehen51ve and
1ntegrated i. e.--one'systé; to perform all of these func-
~ «tions 1nclud1ng.pr03ect eontrol, or 1t can be discretized - ) {
& whereby a different M I S would be utilized for each i 1 .
Yf ’ of the above functions, or some comblnation of the | 1
P ' ‘ abole fgnctions. (A comparlson of the relative merlts
of integrated %r aescretlzed systems requires ‘the ' ) ' " \
' examlnatlon of the accounting and other functions .
;; R L performed by the firm and so is beyond the scope of
a t- th1S‘report. However an 1ntegrated system is impllcitly .
’ | ‘aseumed%) In‘gddltlon, the M I S can be centrallzed

P : , 'or‘decentrelizegrln naﬁureh,storing and processing 7

data in one large data bank or ih several smaller -

e g B o ees

~smanual -~ . .
. N - . .

. ==-in house computer: ' , .

. ,
/'.1-._ <

7. =% |, --computer service bureau )
.+ --a combiration of the above. . '
- , . :
g These system types would each be.considered with
ﬁegards to moet or all of the above mentioned factors. .
‘ ¢
F- Q a~
. J‘—
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S
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1,2 0b1ect1ves Of The Magor Technical Regogt

,,,,,

- . It is the obaecflve of thls Major Technical

Report to egamlne only one of the above ‘system’ types,
that ié-the~acquisition of an in house computer in

particular with respect to. the hardware requiremengfa

"as related to.project control.

The requirements of a construction firm will
be ex;mined. Based on thé%e rgquirements and on
equipment currently available on the market, a
satisfactory computer system will be formulgted.

This report will ngt constitute a recommendation

‘to acgquire the formulated system since before acquiring

any system all sybtem types»shoqld be given “the same
detailed consxderatlon, and the other system types will
not be considered in this report.

, Specifically the objectives of this Major

Technical Report arg to: ) : .

[N\l

1) examine the process of progect control’ as exerc1sed

by a general contractor in the constructlop industry.
2) identify and examine’ the information requirements
and isolate problems for which a.computer based.

Management Information System would p;ovide at least

‘a partial solution.

k3

3) describe the fundamental building blocks of
computer ‘hardware required to construct a system

with ‘respect to objectives 1) and 2) above. ,°

N -

w .’
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1.3 Advantages of the In House COﬁButer System
. © } )

.
€

4) design a conceptual computer syétem considering
only the hardware performance of the components which

will meet'the‘oompany's requirements and will take

'1nto account the type of computer hardware currently

available on ‘the market.
Ca C
The computer system arrived at will be based on

the fulflllment of company requlrements. This report
will not recommend or compare actual available

Ll

mputer systems. .
Due to the llmltatlon of scope of this MaJor
Technical Report, some important issues will rot be .
dlscussed. This report will‘not address itSelf.‘

to the requlrements of other systems such as o

-accounts payable, accounts receivable, general
ledger, payroll, etc., extept as related to the
“ transfer of data to the project contnrl systems.

It will also not address itself to the possible personnel

problems or restructuring of "the company which may

be necessitated by the implementation of such

a‘s&stem. ~

. As‘compared to manual systems, the main benefit.

provided by the computér is the speed with which it

- can- adcurately process information, compile it, and

4

assemble it into reports. In addition bedause 6f its
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Cresults a'specified time after (i.e.--next day, after

' that the client (contractor in this case) has a terminal
.and pfintgr in his own office. These are connected to

. the computer at the :service bureau. The data is typed

greét speed, completeness and acéuracy when b;ocessing

data, it can be useqjto provide a much greater, variety

of reports and accountings than can the manual methods.

The alm of producing ﬁhese various repbrts quickly is'

to provide mﬁnagement with the tools to assegs the . .
situation and provide timely decisions or actions to |

correct deviations from the desired dlrectlons.

The Computer Service Bureau 1s an establlshment e v

which is in the business of providing the service of
processing a client's data by means of a computer.

ihis service usually consists of picking up the client's s {
data which is on forms or cards and delivering the .i

»

two dayé. etc.) Sometimes arrangements are made such

’

J ) . i
in the client's office using the terminal and transmitted '

to and stored in the office of the service bureau. It

Ly
LY

isaprdcessed at a later time and transmittéd back to the
printer 1n the client's office where the output data is
prlnted out. ) /

When a company has an in house computer system, xhey
own or sometimes lease the hardware and the stqndard availa,
able software. They‘are responsiﬁle, however, 'to produce,

update, and maintain their own custom so?tware and to

maintain the Hhrdware. If the computer system is owned

4

o
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cy the company theggardware may be maictained by giving

out a service cohtract. while ff the computer is leased

'%he servicing of the hardware may b; contained in the lease.
" When a.compan§ has an .in house cobputer,system, .
the§ also have con@fol of dhat work if will do and at

" what time, and\also of the procedures followed to process
and distribute the data oytput. The fact tﬁat computer

job control and turn around time are under more direct
control~ results in the computer system being more flex-
ible ‘with respect to the company § needs ang the data
output being available more quickly. If a service bureau
gets too busy their turnaround time could become longer. ‘
This could result in problems for the companies using

' this bureau In addition, if the service bureau fails

and goes out of bu51ness thls could result in traumatic
problems for its cllents since most of them will net be
cqulppcd to easily handle their own data processing.

An'additional fecture of having an in house computer
system is that softﬁare can be customized to provide
services that are’not‘bt;erﬁise available. Customized
software may be deéigned by in house tréined staff or
'subccntracted out to software houses.

An additional b;nefit of having aﬁ in house compcter
system is that greater security measures may be installed -
to protect sensitive data from unauthorized usage. Wnen %
u51ng a ‘computer service b regg\the client ‘is dependent

" on the bureau to utilize.adequate medsures whlch it may

or may not do.

' " -
)
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4 Dlsadvantgges of the In House Computer System

3 . o " Due to economic considerations the company
X ‘. dECleng on an in house computer 'system will usually ' . \\
’ have a smaller, less powerful, slower system than that -
‘of the computer gervice bureau whose equipmént cost.
i's in effect shared by many users. The in house
épﬁputer system will usually be more difficult or . K N
expensive for the company to dpdate as new machine
o ' advances come out and existing hardware becomes ‘
| " obsolete. As the hardware becomes obsolete it tends N “

to become more difficult to maintain and service. This

©y

. .
is true eéven for ‘standard items but is especially -

frue fqr customized items, %oth software and hardwar;.
These prébiems do not fall énto the company who is ;'
‘ - i 'using a computer service bureau, IF would aiso‘be
| " noted that the computer industry sees rapid advances -
continually and hence significan@_gdvances in hardware
and corresponding softwére in short.intefvalé of time
'are the rule rather than the ex;eption. ‘

~ The company with an in house computer system , . ; -

,geheral}y does not have redundant computer hardware.

P T . This means that if there develops a failure in the
system which renders it inoperative the company is
usually left,withqut data proceséiné capability until
.the ;ystem is repaired. ‘° o

¢ N * °
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It -should be noted that in addltion to malntalning
- the computer system itself, the company with an 1n
house eystem will have to maintain all supplementary sys-
tems as well. Wnile it is trce that greater”securitp
measures may be employed for' example. they must also
be’ malntalned by the company.‘ Similarly all personnel
and any spegcialized tralnlng involved also falls
.gnder the responsibility of the‘company..
) For a company using a computer service bureau
there tends to be greater flexibllity with respect to
using the cdmputer system capabillty required at the
time. Variations in company requirements for data
<{/ proceeéing equipment are supplied as needed b&"‘
the service bureau. A company witmyan in house system
tends to find that at times their system is too small
to handle their data processing neede and at other '
- 'times tmey are paying for'a,computer system a portion
| of which is not even being used. ' Using a computer

\\ . service bureau tends to give more financial flexfbllity
‘ to the company than does the purchasing of ‘an in house
\ computer system. . S : '

‘It is lmportant.to realize that as new lease/purchase

s

schemes come.onto the market the distinction .between

in house computer system and computer service bureau

’ A .
' . . &y
N .
. . .
" L =
. ¢ . -
.
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. tends to fade.k For example, a bompany can Iease a

: computer hardware gystem, "rent" the trained personnel
L} ‘ ... -

from a software house. have both the system and the

n , - *  pergonnel on his own’ premlses and subcontract out the
v malntenance of the system by means of a service contract. ' '., ,

While this arrangement i not the same as a service

‘bureau, certain differences are minimized. : ‘

—
°
n
v

v
©
'
.
k
.

»
.. J . - . ’
' P ~ . )
; . . :
i ~
B NG . 7
- * . - L =
. . P2 .
{ . . . . . , P
? " . . , "
§ ‘ . ] - o
P 1 L]
g : . , \
. [ ]
o ? r. 8 .
} - »
‘ 4 ¢ L
) . "',ih;:
' A . ig‘ ‘
. WL . . ¢
N ,
4 N B s
: * 3 . . .
»~ 5 ' ,
. {
. . . - .
o " . ) 1\ N
\ - : A
' n ' R ﬁ N { N
W , : .
. .
T
" I | .
Y R o ' J,




W B

v

12

Chepter 2

gROJECT CONTROL
V4

2.1 TIntroduction
L]

Project control is the process of‘making
events conform to plans. Its application is based

opon project time and cost schedules developed for

the proaect and an information system that will provide

- data for comfarlng expected w1th actual performance.

The information system measures, evaluates, and reports
JOb progress comparing 1t with the performance planned.
In thls way, the manager is apprised of the nature and
extent of any deviation. When deviations do occur,
control is exercised by the manager who takee action

he considbrs to be feasible and effective to correcf
the situation. Costs and time can quickiy get out of

harid on construction projects where production’

conditions are'so volatile. Job monitoring must

qulckly detect such aberrations. Cost and time control
inforpation must be timely with little delay between field

" work and managemeﬁt review of performance. This

gives the project manager a chance to evaluate alternat-
ives and take corrective action while there is still
an opportunity to rectify the situation.

N
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2.2 Time Scheduling and Contrel = ° ' .

In geﬂeral, there are few time restr%ctioné

'imposed on the constrdction contractor other than
thg overall project completion time. 0ccasionall&.
Dcontracts will stipulate-completion‘dafes of inter-

4 mediate construction éoals called milestones.

| Failure to comply with contractual time require-
ments is a breach of contract, making the offending
contractor liable for damages to the owner. . Even
if such damages were not at issue, “the contractor's
own self-interest dictates that he complete his

projects on time. A reputation for timely project

cqmﬁletion is an intangible asset of considerable value:-.

to a contractor. In addition, job overhead costs Qary

almost directly w1th time and expeditious job completion

can mean appnec1ab1e overhead savings. Further, the
end of a project frees equlpme 1t, men, and skilled ’
supervision for another Jcsb.L \
The planning function is accomplished ﬁy dividing

" the project into small units called.'activities' 'and -
.estaﬁlishing the time sequence in which they will be
pérformed. A detalled tlme study of the plan is then

" conducted, with adjustments to the plan being made

e
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as necesgsary to meet’the project completion date. |

"On the basis of these studies the contractor establishes

a caleﬁdar—date schedule of the anticipated start

and finish times of eaci activity. The résulting time
schbdule,qsubject to periodic revision and correction
durihg construction, is the essential basis for the
day to day time control of the project.

When field operations begin, progress is normally
measured by qoting those activities that have been
compleféd‘and estimating the times required to=compl§te
those that are in process. Time control is established
by measuring and reporting field progress at rggular
intervals as construction goes along and taking remedial.

action to correct any divergence Q\Fm the established *

schedule. ' , .

\

2.3 Cost Scheduling and Control

‘The main objective of a cqnf;actor's cost system

is to check the actual pr%duction costs of on-gbing pro=-

jects against the costs astestimated. A second objective

A
. is to obtain prbductionfrates for use in estimating new

1

4

projeéts.
: P
When a contraétor\erpares a competitive bid,

lump-sqp or unit prf&e. he compiles a complete cost

estimate of fhe job. The costs of\labour. construction

~

N
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personnel, and do not vary from project to.project.
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equipment, materials, subcontracte. taxes, overhead,
and surety bond are computed and combined with markup
to arrive at the final bid amount. A similar "target

"estimate” is customarily prepared when a cgst-plus contract

is negotiated directly &1th the ownér,

In order tb genuinely effect cost control on a "

project, it must be possible to make prompt and frequént
comparisons of actual and estimated costs of producfion.
These costs must be determined in sufficient detai} to
enable project management to localize the trouble

gshould cost overruns occur. Cost accounting ia-the

process of obtaining actual production costs from on-going

projects. This is accomplished by matching quantities

. of work done wifh payroll or equipment costs incurred

during the same period. Unit costs of production are .

so obtained and used as a guide for the estimatiqg of

new work as well as the control of costs on current jobs.
Bgcause these cbsts are used for both estimating

and cost control, the same elementary work clagsifications
are used throughout the company's cost aystem; . The

cost code designations of these work items are

permanently assignéd. used uniformly by all company(

|4
«
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' .
The actual costs involved with the quantity of - - '

work accomplished on the site to date are obtained -

-

’ by measurement.uihspection and calculation of the actual
work done and the actual costs to date. These ab%iﬁl
.costs are theh comparbd to the estimated costs and ’ B

. action ia taken by the project»manager to minimize any

~deviations that would tend to produce cost averruns. o -

"
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L ) , © COMPUTER SYSTEM HARDWARE COMPONENTS. .- K _ B |
.1;' g ] ' . ] ' ‘.- ' ’ 5.\ 1 i x,( L *‘hé '
e ., 3.1 Introduction .
) ' ‘ . A computer.is ‘an’ information processor. A o SRR S
) computer can manipulate, aort. erase, and shuffle, numbers“ )
" that are stored in- its eleetronic memory. ce it
. ’ C is a simple matter to let these numbers represent
; T &', characters and symbols, a computer can electronically H
" } ‘organize and remember words. ’l‘his meansg that S
f i‘ X N 1
’ { - v computers can be u_eed ‘for hundreds of applications N
; R involving words and,- thus. may have nothing to’ do w1th - . "1 o
: - . - , " .
g . arithmetlc. co - e L : o
4 One feature that allows computers to do the jobs A

)that they do today is their amazing speed. A typical | G - Lk
4 computér system will perform millions- of operations L B Fhe

per second. This allows a computer to use relativ le

' 1nefficient and even clumsy methods to solve complicated, CoL

; -

problems. - ) L .
P . Every computer system can be divid‘eil into'the.
/ follbwing ma jor sectionsn control. arithmetic. memory.

input and output (see’ diagram next page) Eech of these

sections and the devices used to perform these functions . «

i . i . - - ’

- will be discussed below., o . .
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3.2 Central Pro;\Bping Unit - -

The control and arlthmetic sections are usually
combined to form what is called the central processing
unlt, or C P U. & .

Due to fabrlcatlon processes ‘called large scale
integration or L S I, whereby thousands of electronlc

semiconductors such as transistors etc. can be put

. | o . b B
on a substrate smaller than the size of a dime the C P U

\computer.

is usually paekaged in'a single chip and is called a

"processor".. For some medium sized or larger business

wilh

computers this processor may consist of “Several

integrated circuit chips packaged on a printed ecircuit \g\\-

;fgn,instead of Just one chip. g
This grocqssor,is the actual braiﬁ of the

The C. P U containss ' | ‘ .

1) a memory (usually a read only.méhory orR O M) e~

2) special register groups

3) the coqtrolfseqmion

4) “the arithmetic and iogiéndnit‘or:A LU \
| The computer in its most'basic form is a collesgion

- of electronic’ devices wﬁich act as switches. These,

switches react to signals which specify one of only two

‘
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states, i.e.--'en' or 'off'. The human opefatdr
would find programmlng in this level language too

long, tedlous and error prone. More human orlented

,and so called higher lével languages were developed

to allow programmers to write programs in languages

more suitable to them.

There are two main steps 1nvolved in tr&nslating

.a higher. level language (e.g. Basic, Portran, Cobol, etc )

into a form whereby itfcan beutilized by theﬁeomputer.
The first step is to translate this higher level

language into. a machine code.. This is done by a ‘'compiler' .

".or ‘interpreter' which is a manufacturer-produced program

whith does translation of this type.

Machine code‘is a very 1ow.lev%l‘language consisting
of éhe most simple instruction set for thet particular
processor. This 1nstruction'set is designed info the '

processor and is usually not alterable after the

processor is manufactured. .
This machine code in turn must be translated into’

a sequence of pulses which will direct the processor to

electricallé position its switches go that the desired

operation is pefformed: The\infqrﬁation required to

tfanslate the machine code into pulsges is q&ored in

the mepmory of the C P U.(R OM: item 1, listed abovel).

>
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There are also sfecial memory locations called
registers (item 2, lisﬁed above ) which contagn one
word or locetion ‘address'. . These registers are used
for internal housekeeping chores such as remembering
or 'pointing' to the location of the next instruction
of the user's program which is to be executed. This
is done so that the computer will not lose its, place

when it is reading and executlng the instructions of

._a progran one at a time. !

It is the controller section of the C P U (item 3

. above) which directs the'comphter when to fetch the next

instruction, how to decode .and execute it, and where to

st~
-
“ 3

When the ineiruction requires some arithmetic or

: 1ogical manlpulatlon it is the A L U (item 4 above)

which is designed to perform these operations,

Logical operations are those which compare. select, reference.

etc. the bits (elements) of i?data word considering these

elements .to be only ones or geroes (1.e.--on states or

off states) without regard to the actqal'numerica}

value. v S —_
Arithmetic operations are those standard

matﬁeﬁatical manipulations that are based on the .

numerical values of the data.

. . , _
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It should be noted that in many functional .
representatlons the CP U memory and special reglsters‘
are not shown'separately but aré included 1n the
A L U. They are shown as separate here to more
clearly demonstrate the functions of ‘the computer.

The spéed of operation of the C P U will vary
from one manufacturer to another. The speed of - °

ﬁBperation of the C P U will usually determipe the
speed of operation of fhe computer calculations.
This is‘so because the other factofs such aé'membry
accg}s time (the time it.takes to fetch a data word '4
from ﬁemory) are not usually the limiting ones.

Advances in design and fabricgtibn of electronic .
devices are such that the C P U, the brain of -the
;;mﬁhter system, is neither the largest nor the
most expensive component in the system. Some
peripheral device%fcan cost several times that of the «
C P U itself. In addition it appears that -as

advances in design and fabrication of electronic

devices continue. to be made cost per unit of computing

——t

power will continue to decrease. This is not necessarily

9

tnue of the peripheral devices which are in large

" part mechanical.
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significantly more expensive than is storage.
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3.3 Memory ) ' .
' Besides the C P U memory (R O M) discussed’
above, there are two other types of memory in a

typical computer system. These are the computer méin

b ,
memory, called memory, and the external auxiliary

mémory,called storage. )

| These terms of memory and storage are not

“

standardized ang-8re)sometimes used interchangeably.

“

e used to store the prograﬁs and

’ -

Memor& and
data of the user ir/ preparation for, and during,
executién.

The computer ain'mémory is a ve.ry f.mportant

’
and expensive part of the computer system. The

x-"'-.q‘;‘,

main advantage of memory is its fast ‘access time
which allows‘the‘computef calculations to proceéd at
a rate governed by the C P U speed of operation..

The main disadvantage of ﬁemory is cost. It is

The computer main memory is generally housed in
the same enclosure as the C P U. It is tgpicaily
a teﬁporary usage, semiconductor membr& called a RAM
(for random access memory). It is more p?operly’called
a read write mémory (R/V ﬁ) since RO M ié also

random ?ccess, but industry standard seems t0 have developed ’
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to ‘calling this memory a R A M. The size of the R A M
is typiéé;ly 32 K’to 64 K where K here refers tg 1024
bytes ‘of data (A byﬁs is a unit of data eight binary ‘
digits in length). Thus 64.K is‘qquivalent to 65,536 -
bytes of memory. F n

Storage media is u;ed to store large,amounté of
data econpmicélly. In addition where meﬁory is usually
volatile, storage is ﬁon-volatilex'that is, if the
electrical ﬁower input -to the system is removed, the
contents of memory will be lost, whereas tﬁe Fpntents
of storage would not be affected. Storage media is uéually
used for backﬁp (redundant) data files.

.‘Generally the memory of the computer is its:

working facility. It reads from storage “that block of
data which it wants to use or manipulate and then
writes out this processed data‘to storage.

Storage media includes punch cards, paper tépe.
mégnetic tépe, and disks. These are discussed in section

3.6 (Mass Storage Devices).

3.4 Input Devices

3.4.1 Introduction

4

An input device is a peripheral which permits

data to be input to the computer main memory for

use by the cggputer. ‘ T

P i o okt i ittt <.
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_ .Computers can be  connected to electronic circuits

“that change analog information such as temperature,
speed, fluld flow, etc. 1nto binary form. . These circuits
are called analog-to-dlgltal (A / D) converters. These

types of inputs would normally be found in 81tuations

’ where the conpufer is used for process control but

not proaect control. '
‘ There are also devic?s called light pens and
digitizers. : | 3

A light pen is‘a‘}od with a light sensitivé’
_device on its tip. When this penlike device is -,

p01nted -at 1nformatlon dlsplayed on the CRT screen it

detects light when the beam passes w1th1n its fleld of

‘view. In this way the operator can add, delete, or transmit

information under programmed control to the computer.

A digitizer s a special sort of analog to

' digital device whereby a curser is moved over a

drawing which is positioned on a spepial board. This
‘information is converted to digital form and is
entered into the computer. In fact this digitizer-perfofms

under software control the inverse function of a

plotter (to be discussed under section 3. 5 4, Plotter)

2
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_ Although many different kinds of iﬁput devices

as 'a disk reader.

3.4.2 Keyboard '

A keyboard 1s often a separate unit. It may
however be incorporated into a terminal such as a-C R T
(cathode ray tpbe) display unit. For business purposes
a ke§board:will usually have 26 upper case letters

. -26" lower case letters
. 10 numerals
approximately 30 speciﬁl
_characters (*, 2. s, (), %).
" It may also have special comfuter charactefs or
. functions such as curser positioning/ line feed,
carriagg refurn: Shift and control keys are used in
combination with other keys for special func;ibns.

There are also options available, two of which will

" be dgscribed.-,lf two keys .are depressed such that
the first key is depressed, then the se:ond key is
" depressed before: the first key is released, this

represents a potential problem area. Using an electric

'.'typewriterithe second keystroke might be locked out.

<

c
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. . y
Using a mechanical typewriter the second printhammer
will hit the back of the first. In either case the
second char;cter would not print. When inputting to
a computer_hoyever. it‘is possiﬁlé to arrange for the
comphfer to sort fhings out. This option is called'
rollpvef. D

If two keys are typéd close (in time) together-

it is possible that one or mofe charfcters will requiré

more processingitime than is avdilable. Somé keyboards .

have an option wherein they have a memory to.store

characters until the computer is ready to receive them.

!

This option. is called a keyboard buffer.

3.4.3 Mass Storage Devices ,

Input devices of mass storage media are referreé
to as readers. There are:, punch card readers
VoA . . paper tapé readers
magnetic tape readers gnd
’ | disk readers, more properly
called disk drives which are able to write to disk
as well as read from disk. “These periph;rals will be

discussed in section 3.6, Mass Storage Devices.

3.5 Output ﬁevices ‘ . | !

3.5.1 Introduction
An output device is a peripheral which permits

[
.
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data to be output from the computer memory onto

storage media to preserve the data or onto hard copy
(printed characters onto ﬁaper) for use by human
users, or qnto a C R T screen for temporary storage ¢
for use by human users. In the field of process control
output devices can also produce electrical or t
me;hanical oufputs to be used by other machinery.
For each input device éhere is an output device
to pefform the inverse function, ‘Following is‘a‘

listing of some input and output devices.

digitizer . . plotter'
light pen C R T display
keyboard printer

’

For all storage media cards, tapes, disks, there are‘.
gevices:to write onto the media as well as read from

the media.

3.5.2_C R T Display

The C R T or Cathode Ray Tube display is a- /

workhorse of the computer system industry. "It is

‘basically a television screen onto which is projected

under software program control the output data and

- text of the computer, namely, programs and data. °

Its main ‘advantages are that it is silent and will

»
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display text and graphics. It rgquires no paper and -
so is always available for use. It is not mechaﬁically
driven and so is relatiGely free from failure, adjustments/
and is normally not affected by dust, dirf, or/foreign
bodies. With it the user can view 12, 16, 24 or more lines
~at a time, depending on the specifications of the
| particular C R T. In addition the speed of a C R T
screen display-is as fast as the electronics permit and
is not limited to the speed of the mechanical print
mechanism. h ' 2 .
The main disadvantéges of the C R T display are
the limit of lines that can be viewed ;t one time and the

fact that no hard copy (output onto paper) is produced.
Note that very often a video display terminal

“combines a C R T output with a keyboard input. In' Y

this case the comments of sectior 3.4.2, keyboard, and
. " 3.5.2, C R T display apply. |
Processiﬁg capabilitf is increasingly being built
into V D T (video display terminals ). A'dumb' terminal
provides the minimum equipmeﬁt required to type programs
aﬁd data into a‘comphter'and,display the results on tﬁe
écreen. A ‘smart® V D T typically has built-in memory
that can store up to a full screen of characters. Some

smart V D T have built-in processors which allow editing

<}
v

i
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and even some célculations without thg necegsity of
‘tying 'up the computer. ‘ o _»' ) .
. . Displays designed for produciﬁg designs, chérts, - ,

~  graphs, layouts etc. on a C R T are called graphics

1 o diéplays or g}aphics terminals.‘ Théy are basically high
resolution versions of the standarﬁ Vv b U'(video
display unit). Some also have the facility to display
. in colour. Typically fof businesses and in.barticular 3y
in the construction industry the increase 'in benefit will

not justify the increase in cost of a graphics display. . -,

° o '
. a

+3,5,3 Printer ‘ '<:~ : . ‘ ‘ )

A p}intef is a one way typewriter. It has no

kegboard and hence can be used only to receive data ' ‘ |
from the compqter'but not to input data to the computer. |
Some tenninals‘cpmbiqe thee!ggefits of a.kébeard with
° \ a'printer and in this case the b;hments of section§’3.h.2.
Keyboard, and 3.5.3, Printer, apply; | o
Most busine sespwill‘réquiré hard copy of reports,

_data, payroll checks, etc. A printer becomes indispensible

to the bﬁsiness computer system. . ‘
Pour main t&pes of printers may be claésifiedn
1) Thermal/Electrosensitive Printer
2) Band Printer - C -
3) Matrix Priﬁter ‘g . : Lo °‘,:z. . :
) Iine Printer ' ' | .o
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Thermal printers use a special paper and burn "
characters into it. The printing élement has dots .
or segments which press onto the paper and the proper
combination of -segments, is energized to burn required
. charaeter. These printers are inerpensive and silent
but offer a mediocre print quality, are slow speed and
require special paper.
,Ba.nd printers operate as an office Selectrie
typewriter or teletype machine iy lUsually they are of
. the impaat type. Three main ‘tiechniques are used for the
head: - { . ) | | ‘
1) Spherical or eylindri"c"al element'witgh all the
characters ‘
2) a daisy wheel " L ..
3). a matrix of’ needles. Thls ‘case will be’ described

[

in the ‘next section (matrix printer) ) ®

» . An example of the spherical elepent is found
"‘on the gelectric and an example of the cylindrical head .

- ks found on the teletype. This type of'printer offers )

excellent print quaiity at acceptalle prices but .
they are very slow and the teletype, for example,,
offers only upper case letters. . ,, \

7 ,The daisy wheel printer uses a wheel with each
character on its,individua'i”’em r?a?iatlng frem, fhe“

center so that only a‘ro:tation is required. This allows
. , b .
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"éast. quiet and rellable Operatiqn with excellent
print quallty. It is however more expen31ve than the
other printers' mentioned.
‘ A matrix printer uses pins to print a pattern \
'of dots on paper. The matrix is usually 5 x 7 dota. .
'or 7 x 9 dots. Past, quiet operation and 16a’coet
are benefits. The main disadyantage‘is tﬁe relatively
poor quality of -the print. | ‘. - )
A line printer prints a line at a time. . The '
character set is on a belt or chaln and _is rotated along
the full length of  the paper. When a character passes’ .
a point on the llne where it is to be‘printed e hammer
will 1mpact the character impression onto the paper.'
A sprocket feed is required if business forms. labels,
or checks are to be prlnted. No frlction mechanism 4
can prOV1de the required vertical accuracy to positlon

-3 large number of comnnected forms correctly.‘

. 3;5.# Plotter - ‘ ' | ' )
fA~plottef is aApefipheral wﬁich pnder:software
control will plot or draw & graph, chart, schematic etc. -
‘bf high quality. ° The grade of quality will depend on-
the fesclution of the plotter. An X~ plotter, for |
example, moves in horizontal and vertical direc'tions

80 that the appearance and;accuracy of curves will depend

P
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on the size~of'the discrete steps of the plotter. ' | ' .

'Although it might seem at first estimate thaﬁ- : : - Ey

~a general contracting firm mlght 1ndeed have sufficlent
demand in its 1nf6rmat10n system requlrements for

draw1ngs, charts, etc., practice indicates that ot . 'r

few -firms make the decision .to actually-inétall one. ‘ ‘ ot

e -

Thé consideratién must therefore be that the needs of. the

firm must be closely examined to ensure that the.

_ benmefits derived will more than offset the cost of installing

. L
c o 4 ~
«

, < a plotter. ) - . .
. N \ L |
> 3,58, Mgis Storaze Devices. R '

Output devices of mass storage media are those *°

periphefals that can impart data or;informatipn onto
 the media. These include: .
puncﬁ card’keypunches
pape? tape punches
magnetic‘tgpeﬁrecopders . ‘ . 1 ’
disk drives which can write to disk as well as read,
from disk. | ~

These devices will be discussed in section 3. 6 ' 3’

! Mass Storage Dev1ces.~
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3.6 Mass Storage Devices . L

3.6.1 Introduction

., ‘The computer main memory is limited in size both
due to cost and architectqre'(constructibn and design)
of the C P U, If for example, the C P U can handle an
add;ess sixteen bits in leﬁgth then the total adress-
able memory is a maximum of 216 = 65,536\memory locations‘

(64 K where K =1024 locations). Note that of this 64 X

som? of this space‘isaused for the systeq;;oftware and

is not available for use by the user. Because of this
size limitatior and also because the main mémory is

usually volatile (it loses the contentéwof memory when
main eFdctrical power is removed) a permanent expand-

able medium is used to store programs and -data. t

Usually information is stored into units éalled
records. Records are then grouped by ideaaor funetion
;iﬁto.files. Logical records are units of information (for

exémple. ong name and address of a subcontractor of a
"lis% of names and addresses of subcontractors) which

are identified‘by user funéti@n. Physical records are
_the actual locations in the bulk storage media. One
logical record may be stored in éeverai physical records
'and it is uﬁ'to the computer to cost them out. “

Similarly a logical file is a group of logical
records and a physical file is a group of‘physical records.

</
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3.6.2 Disks

One major advantage of using a disk rather than

cards or tapes is that the computer can move directly to

Y

k tﬁe,area where the information or data is stored without
the necessity of reading through or moving the media froﬁ
the starting point through to the destination.

Floppy disk units are popular with microcomputer
s&stems.an?he floppy disk‘resembleé a record and the name
floppy grises because they are soft and bend easily. .

” There are two sizeg of floppy disks. The regular size
is 8 inches in diameter and stores approximately
256 K memory‘locations. _The "mini floppy" is S5%inches
in diameter and stores approximately 100 K memory n
locations. There are also double density versions
which store twice this amount.

For business systemg floppy disks are generally’
not suitable and large rigid disk %n;ts are usualiy.
used. Rigid disk uﬁits store a great deal more infor-
mation than floppy disk units, but they are more
expensive, They are, however, much more suitable for
business systems beéause the cost per unit of information
is much lowér for a rigid disk unit as éompared'to
a floppy disk unit,™“and also the f;te,of information

transfer is much faster. A rfgid disk can store :
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T i
approximately 40 times the information as can ben
_ stored. by'a regular 8 inc¢h floppy disk unit.
. The format of information storage on a disk e
© is as follows: Thé disk is divided into concentric
circles calléd tracks and the tracks are dividéd into
units called secto;g. _A hard sectored disk is one where .
these sectors.are delineated by holes or other phys}éél
means., Soft sectored disks are those where the séétorsq

are delineated only by software programs.

6.3 Magnetic Ta éﬂ o
| A less expensive means of bulk storage than a.
disk drive is a magnetic tape drive. “Smalilunits
could be cassettes while larger units are of the reel-
to-reel type.
The major disadvantage of mégnetic tape media
versus disk medié storage is that tape is a s®quential 'Y
type of access g physical ;Ecoﬁds, ra é; than the
aisk tyPe_of random access. This resu%/s in problems.when
tryihg to read and write onto the same/taﬁ; or change
information on a tape., There are norﬁally separate
units and tapes for the read and write funéiions.
Magnetic tape also tends to be less reliable
than disk units and so redundant recording methods

are in use to minimize the effects of errors. This, of

. i
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course. decreases by half the amountugg/nseful storage

N

avallable to the user.

e

5 : 3.6.4 Paper Tape : 5 Lo

» ' : There was a time when paper tape répresented

the only low cost means of storlng computer 1nformat10n,

s g

but today magnetic tape 1s approx;mately the same cost

and is 31gn1f1cantly faster.

-

' Information is stored on a long thin paper tapé {
\ .

by punching holes across the paper tape. Every‘row

o T N A oA TS L o

4 - | consists of eight positions. Each hole corresponds

- i to a2 biff and each row Eorrésponds to a byte of informatibn.

The maln dlsadvantages of paper tape are

1) sequentlal access

2) slow speed of information transfer
3) paper tape is erasable (by typing eight holes in. .

the row) but informetion cannot be changed.
N | A :
Two thousand feet of paper tape will store the

e
[

: same amount of information as %'single 90 minute cassétte | C
or one 31Fe of 2 single density floppy disk. '
Read write times for paper tape will vary between ,

10 and 100 e p s (characters per second). For magnetic _ 1

-

tape the read write rates vary between 100 to 1000 : ~
¢ ps, and for floppy disk between 1000 to 10,000 c P B.

N
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For rigid,disks these rates can exéeed 1,000,000 ¢c p s.

Fe
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* 3.6.5 Punch Cards

A single’punched card, in the most popular

format, .can hold a maximum of 80 characters. They must

be puﬁched on .a keypunch'machi This is a machine

with a keyboard and card handizg\\capabilltles.

. Whatever the 0perator types on the keyboard is punched

N ‘onto the card and is also prlnted or typed onto the -

top of the card so that the operator can read it. “ "
Chgracteré are coded by different combinations of - ' !

° \ oles punched per column. o . |

The “rate at which éards can be punched limit

.their use to low volume or low épeed applications.
Puriched cards are sequential and so access time is
‘long unless a multiple card feed system is coupled to

the processor.

" Punched cards are not popular with small business

systems.

;4////// 3.7__Mode of Operation
' Operation of the computér (‘executing programs

e ) ' or processing data) may be ‘done on 1ine or off line -t
with respect to the data input.

S B T I
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* Batch processing is the off line mode of operation
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. whereby items to be processed are coded and collected o

into grqups.prior to pfocessing. In this type of{

operation when'data'is‘preparéd‘from a terminal it is

not entered directly into the computer but is typed - ;

or stored onte a mass storage/medium such as-punched

cards. At specified time'intervals ali.jobs are collect-

ed together and run. |

Demand processing is the on line mode of operation T

whereby the user enters information into the computer

and it'is processed as quiékly as it becomes'availgbleh %

This is a real time sysfem thch minimizes the heed' | {

for stofage Bf any appreciable amount of unprocessed ; ]

data. .' ’ ‘ : '
It is possible for a syétem to operate in both

hodes-abatch processing and demand processiné—-during

the same tim; period. \Backgrouna processing is the B C

arrangement whereby the computer will‘do low-priérity -

work when higher priority or real-time éntrieé are not

occurring. Batch processing is-often treated as

backgrqund processing which can be interrupted on

orders from terminals or inquiries from other units. '

A
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4, INFORMATION REQUIREMENTS OF CONSTRUCTION FIRMS

1

4,1 . Introduction

Tﬁe information pequirémeﬁts of construction firms
will be highlighted by considefing as an example
a firm whpse’anndal volume is thirty fiﬁgi}illion dollars,
represented py apprqximatély three projectg {otaling
- $15,000,000 and.twelve projects totaling $20,000,000.
r It is also conceivable for such a firm to be in

control of one major project of say $20,000,000 ’

whose completion spans three years. This type of

w

project requires information storage and procesging

of a degree which has implications for the computer

system hardware .configuration requirements particularly

in the area of data storage. This will be consi?ered

later in this report. . :
Project control consists, in'essence, of

1) planningnfhe execution and completion of a project,

i.e.--the design, financing, manpower, equipment and

materials required, including the time scheduling ¢

as to when these items would be required,

"2). monitoring the actual execution of the project and

comparing the actual progress of the project with the .. .

estimated progress of the project,

(/ ,
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- 5) detecting differeﬁées between th actual and
the estimated and taking action to minimize these differ-
ences. ‘

Requirements for tﬁe firm iqplude:
1) job estimating on roughly 150vtof200 jobg per
year (firm is awarded ohly 7% éo 10% of jobs quoted
on): Job estimates include cost distribution.
2) On jobs awapded; detaiied financial progress
‘report estimates (job costs) and time schedules must
be made. That is, ant&cipated expenditures per unit
time (week, month) are calculated.
3) The manpower both in térms of workers ahd project
managehent and design pefgonnel musﬁ be calculated and
' scheduled. ~ ‘ . .
4) fThe équ;pment and material required for the ﬁréject
must be accoéunted for to ensure timely procurement of “the '
necessary items. Consideratiénais also given to the
relative merit of purchasing or leasing the required
equipment. ‘ ." . ‘ ’
5) Short cycle‘scheduling musf/;e monitored to ensure
that resources are'availﬁble“to perform the necessary
activities. \_ | )
6) Inventopy‘of equipnent and materials on site must

also be maintained to ensure proper billing and payments.
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" in cost and/or program scheduling.

ry

L2

7) Physical progress of work on site must be

monitored to ensure proper progress, billing and pay#

. ments.

1

8) Change orders, chargebacks and changes resulting
therefrom must be closely monitored. This would
include changes in inventory of equipment, materials,

manpower, schedﬁling'and possible conflicts due to

_previous. bbligations.

9) Provide reports, charts, graphs etc. as necessary

(to be described in chapters 4 and 5).
Presently job cost reports in our example firm are

brdken down by labour, permanent material,. consumable

material, supplies, company equipment, rented equipment

and éubcontractors. /Each report takes two man days
and ‘all reports are prepared serially~wit£ the result
that the last reporf is submitted three weeks after
collection of data. This resultsuin delays in
detecting and therefore correcti&é variances from

fhe job estimate. i? is important to note the
emphasis on timeliness of reports. The earlier
deviations from estimates can be detected and
anﬁlyzed. the earlief can corrective actiqp‘be

implemenfed and the greater will be the saving -

Q
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Two further requirements of the firm therefore

’

emerge: .

10) All reports that are prepared must be
compiled and presented within a short interval of
time, in the order of three or four working days.

11) When a particular variance from estimate is

detected a detailed breakdown of summarized cost ///2 —

-~

must be quickly available for purposes of analysis

of the variance.-
For purposes of proﬁeco control the proposed
computer installation shall provide
téweekl§ unit cost reports oased on actual
labour costs, ‘quantities of material received

extended at purchase‘order price, equipment usage

- and rental subcontracts,

--monthly cost report showing all costs v& estimates .
including physical‘progress and unit costs as well
as all change orders and back charges.

--monthly project financial status report including

a profit and loss statement showing. total estimated . /

costs, actual costs to date, projected cost, to . .
oompletion, billing status. ohange_order costs and '
change order billing status. | o S
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1

--weekly report comparing th; a;tual physical p;ogress
(coﬁpletion to date) against thg est;mated schedulé of
completion to provide the input to facilitate time.
s chedule verification.

It should be noted that the timing and detail
of the reports mentioned above are based on mean - ;
requireménts of the sample firm. The actual tiﬁing
and detail of reports to be produced could Change
with the size and type of the project and even: the
norms and desires of the companye The intervals.
chosen here are meant to be-illustrative., .

%

4.2 Data Inputs
' Type of 1nformation (data) 1nputs required

for project control include
4)' materlals received and 1nvoiq@s qnd,payments
B).' manhours worked |
C) equipment used and of what type
D) change orders and back charges 1neorporated
E) sub-contracted work performed.
F) measure of actual work accomplished
‘G) original estimates of project compietion with g
regards Ao time and cost.
On a con%inuing basis these data are compared
to the estimated project cost breakdown and timing
.8chedule to highlight any deviation from plan and there-

o

v
. , "
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by tO‘initiafe corrective action. Cleav and accurate

timely computer data input is/a prerequisite for

~ the successful operation of the system.

"y

4.3 ~ Data Outputs ' L T

A)

' B)
©C)

L)

M)

,'gudit trailsgsupportiné entries and adjustménfs

Type{of data outputs related to‘project‘cdntrol:"=~
. catalogue of equipment ) ’
equipment utilization reporté
'flnanclal status of equipment lncluding

a) operatlng cost and cost to date _ s

;b) lease termination o .

. ¢) buy out warning
)
E)
P).
B
H).
1)
)
K)

Sub-contractor status report
"aged receivables ~ & "
invoice and payment status - ' -

0

cost history and detailed costs to date i

.cost comparigon to estimated values . . N

ﬁro:it'aﬁdfidss statenent per jqb

MR

:poaéibility of g;apﬁsiand drawings in reports
provision is made for on rﬁquest‘reﬁﬁrts and
?ﬁ-line file in?errogatfon«via‘;he ipput‘ybernéls

for such items as stock of material 1nventofy,gefc._

measure of actual work accomplished
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N), original estimates of project comﬁletion with

regards to time and cost and/or differentials

between estimated and actual progress.

a
-

4.4 yser Profile

The materials received are indicated by receiviﬂ% :
elipa. Invoices and payments'are generafed from //

accounting information. Manhours worked are:

£

entered via time-cards, equipment used (hodrs and

type of equipment) from qperator time cards and

‘eQuipment slips. Change orders, back charges,

subcontracted work performed are recorded on forms
made for'thls purpose. - '
The information re the received materials
would come from the store clerk. Invoices and
payments come via office accountimg"clerks;
manhours worked via workers time‘eards. equipment used
could come via the site superintendent who could
be approving the ‘use of the eqdipmemt on site.
éubcontracted work performed is calculated from on

#

gsite 1nvest1gat10n of project progress. *This is

’

done by the engineer, architect. general contractor and/or .

sub-contractor.

. The data outputs can frequently be used.by

more than one user. General -catalogue of equipment
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™

islused'by Project Management and upper.management for -
ongoing reviem.' Pquipment util%ﬁatien reports,
financial status of equipment are also reeiewed by
proaect management and upper management. Equlpment lease
terminatlon, buy out warnlng can also be used

by the agcounting department. Sub-contractor
status reports are generated from inspections by

the engineers and architect, and are used by project--

' management and .upper management for monitoring.

They are also nsed by the accounting department

after approva; of payment 1s made. Invoices and pay-
ments are used by the accounting department and project
managément and upper management staff. Job ‘cost

hlstory is used by. proaect management and upper manage-

“~ment staff to aid control of schedualng, and at a fute

ure date by estlmaping staff to help calculation of
future similar job estimates. Graphic displays
(charts, graphs, drawings) could be used by qny of the
above. Examples of;graphic displays -are given on ? '
the following pages.'; . ‘ L 1
Note that this system would have the- capabllity
not only to(;econd anq reproduce all actualfreports

(weekly, monthly, etc.) and their comparisons to

the origjinal estimates, but after the job is completed-

LI -
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it would use the actual project costs ahdvscheduling

and regroup them into tHe format of a project estimate

_or tender bid. This dita could then éasily be

‘used for verification purposes when eétimating future

. project \costs. Alltrepbrts including the project

estimatevbased on project costs would be stored

-

on permanent file. .
{ . . .

By having the information readily available
in easily usabje format it can be used to verify-

futufe'prephred egtimates:' If information is not

" in easily usable form, even if it is available

in total or in part, experience indicates that it

, is much less likely to be used. 7

On the following pages examples of graphic

~displays are recorded: and discussed. Potential users Tf\

these representations are also discussed.
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Figureiu.z Bridge Transverse Section (Ref:7)
¢ . . :
These drawings can be prpduced ag shown above by qxeans

of a plotter. . L
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Figure 4.4 Histogran{ of R-Values (Ref:i7)

—~—

This type of\graph or bar chart can be produced as
a' , ' - "
shown above by means of a plotter. A close:-approximation

of the above representation can'be made using.a printer, ., -

where instead of solld lines to form the bars, dots
(périods), for example, could be used. Instead of a
dashed line, other special charécters--astﬂe'riéks. for

.example, could be used to graph the midpoints on the. - °
/ L}

:oars . /




Esrly Start (ES)
valuation curve
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é Total project cost .
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Cumulative project cost

Late Start '(LS)
valustion curve

Project duration
Vs

\ hE ; \ Time

+
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(\l

‘ . Figure 4.5 Typicél Form of Project Time-Cost Envelope
S (Ref17)

\ S S -

~ .
i This ?fpe of graph can be reproduced as shown pbove
;by‘meang of a‘piotter. A close approximation of this
type of graph can be made on a printer where instead
of using solid‘lines to graph the values, ﬁpgcial

characters such as astériqks or dots (periods)

can be used. .

.\ |
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UNIT PRICE SCHEDULE
Item . +  Estimated Unit Estimated
No. Description . Unit  Quantity Price  ‘+Amount
. (1) (2) (3) 4) (5) (6)
1 Excavation, unclassified  c.y. 3600 $ 120 § 4,820
2 Excavation, structural | cy. - 350 1.70- 2,695
8 Timber piles . 1L ) 2,240 6.30 11,872
4 Concrete, foot. ey. - 120 60.00 7,200
§ Concrete, abut, * - c.y. 280 80.00 22,400
6 Concrete, deck slab sy. - 200 18.00 . 3,600
7 Concrete, curb ) Lt 120 . * 6.00 720
8 Steel, reinf. 1b. 120,000, 0.29 34,80()
9 Steel, structural 1b.: 65,600 041 26,856
10 Bearing plates Ib. . 3,200 . 0.60 1,920
11 Guardrail Lt . 120 16.00" 1,980
12 Painting . ol job 3,120.00 3,120
Total Estimated Amount ! $121,482
A
3
Figure 4.6 Unit Price.Schedule (Ref1?) '

1

This type of table can be produced

of a printer.

as above by means




June 30 Initial expense = § 953
13 days indirect cost @ $219, - 2,847
5-20 ) - 2,927
5-80 - 531
' 2040 - - 1824
. § 8882
July 81 Initial expenze . - § 953 . .
34 days indirect cost @ $219 - 7,446 / Lt
! © 520 - 28/ .
' 560 - - 531 l
20-40 . - 1,624
N 25.30 - . 4,402 \
> N 4085 - 4,402
. Footing no. 1 - 5,647
Footing no. 2 - 5,647 \
" Abutment no. 1 - __1_2_,_4_34;
. : $46,013 °©
.. \
August 31 Initial expense - §.0958 \
. 56 days indirect cost @ $219 - 12,264 ' \
5-20 - 2,921 "
580 - 531 ‘
, : 20-40 - 1,624
, . o 25.30 - 4,402 .
4 . . 4065 - 4,402 .
Footing no. 1 ; - 5,647
, Footing no. 2 . - 5,647
T F v ) " - Abutmentno. 1 - 12434
4 , B + Abutment no. 2 - . 12,434 ¥ ,
4 o , . 95.115 - 31¢ .
! : 95-140 o) L .- 552,
i : . 112140 - 552
§ - 115130, - 814
i 120126 . ~"= 20812
! ) : _ Deck . -: 13,116 .
¥ O 135160 ‘ - 56
: a . 140-145 (one day) - 414 ;
P " 140-150 (one day) - 470
‘ . ) ‘499,864 ‘
1 1§
? -

‘Pigure 4.7 Contractor Outlay (Refi?7)
This {1lustrates another type of layout that can

be :used to produce a table on a printer. ,

+
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The preceeding pages show forms that gfaphic
output can take. Whom the users of this information are

will depend of éourse on ‘what information is put: into

this form. . : o a
'figures 4.1 and 4.2 are drawings that.coul& be

used by engineers, architects and management. They

could be used in reports to be sent to the client or

to institutiong f%om which financing is to be obtained.
C P M charts (Fig. 4.3) are largely used by

different levels of management. | . :
Pigures 4.4 and k.5 are different types of = . . |

graphical representations. Aqtual versus estima%ea

costs cou%g be used by project management. vResource

usage, actual work finished.pn a time schedule, or

any other variables that can be graphed caﬂ be produced

by these computer peripherals. The information coritent of

the graphs yill be largely determined by the‘users"needs.
- Reference is made here to'prinﬁérs as well as .
plotters becadse‘wﬂile for a %ypigal business system
a priqter is a feguireﬁent. a plotter normally is
not. Adding a plotter to a busineés system requires.
paftic&lar hardware and software additions which
“‘fepregent a significant expense. Therefore it is - ' oo
" advisable to be aware .of the capabiiities of the '

equipment fhgt comprise the computer information

[
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.- system. Certain printeré are-advertised as having

graphic capabilities. This usualiy means that it is
possible to form special (sometimes ﬁeaningless)
characters thrqugh software programming and .

that the resolution of these printers is better than
standard. That means characters can be placed closer
together{;nd/or in non-standard locations as distinct
from a non-graphle printer. However both the graghlc and
éﬁe non-graphic types can be used to’'produce the types:
of ‘graphs shown here. The difference in quality

will largely ye one of résolutiq? (or. coarseness).

Pigures 4.6 and 4.7 répresent tables. This type

of ‘information representation is étandard in the

‘industry and can be produced with a printer. Many

types of information can be produced within this format

and there will be correspondingly many classes of

'“user for these data.

3

P

4.5 Computer System Benefits

., Advantages and.disadvantages of the computef
system were discugsed in Chapter 1. Specific benefits

of the computer system will now be enumerated in

‘view of the fimm requirements identified.

The computer system is no ﬁprq than a managemeﬁt‘
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* tool which is‘us;d to store, pr&cess and retrievev i
information. _The value of the computer system !
resides in its ability to aid management in controlling '

job costs and revenues. In essence it can l ‘

perform this function by making available the

information required to enable management to .

make decisions and within the time limit necessary for

management to take action be it to correct & problem
or take advantage of an opportunity. :
Benefits that would accrue to management through

use of a computerized system include: o ) | N l

--monthly cqst-reﬁorts will be available three

[ weeks earlier than those prepared in the typical

manual system.

--cost reports of previoug projects pou;d Pe used.to

-help verify new job estimates.” o

--all information required for support of.estimates ;

etc. is quick1y~and easily available, thus saving

tiﬁe and maintainiﬁg confidence in the figures.

;-detailed consistent methods are incorporated to

record costvtfansactions, material control etc., v

thereby tending to ensure that procedures are cfmplete

in detail and ‘that information ‘is accurately recorded.

RN
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Chapter 5 , ,
COMPUTER SUBSYSTEM REQUIREMENTS

5.1 Introduction

In section 3.6.1, Introductien to Mass Storage Devices,
logical and physical records and files were differentiated.
The ba51c organization of a computer subsystem
wii}‘now be examined. The terms of records and_fiies“gre
used’ as defined in section 3.6.1. A page referred
to here will be.one physical page of computer output. R
A byte is a basic unit of cbmputer data. It typically, '

represents one letter or"one digit or one special

-

" character such as )*.S?,'s, by /e One kilobyte. kb,

o0

is 1000 bytes and one megabyte, Mb, is 1,000,000

‘byms. .

When an operator inputs one basit piece of
1nformation. such as an invoice being paid. this

is termed an entry.

3

There is a tendeney for business systems to

be integrated. This means that when.data is‘entered-into~

one system it is transferred internally to all other
systems which require this information. This is
done without further human intervention. This- reduces 7

the amount -of work réquired and also the pOBﬂibilit&f
. ' 0 ]

. * . 3
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of error. Por emaqple, when a, progress payment is
‘;mﬁde to a sup-cogtractor this would’be'ehterei
"into the subcontractor file, the accounts payable.\
system and the actual job"cost file. ¥hen a system-
¢ ' is inteérated it is only necessary to enter this’
.once and the ‘other files receive fhis information intern-
a{ly; This is referred’to,as *internal ' datd inputs on

& .

the following pages. ‘ . _ ‘
- The type of consideration and calculation that
is required to determine the size o; the compﬁter
records and.filesﬂwill.how be examined.< This report is
 meant ¥o jllustrate the type of calculation.required
and is not.directly applicable to & particular fimm.
The figufég used here are typical and are taken from

repreéent;tivg industry experience.

! o

w
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g L To calcuiate the reoprd size for one subcontractor ' :
1 ' v
g ’ S&IBEle *y !
e . - - ' 'Bytes ' Bytes
f , " . used allotted
d ; " Russell Concrete Flooring Inc. 30 . ho
‘ 16722 Uptown St. - 16 . .30
, R - s
b Montreal, Que4, H4X 2N3 20 . 30
£y v , 14
: subtotal 100
i " Contract Information <L
Project number OFC 7392 8 10 ;
. . ¢ T . _
[} ‘ Contract number -~ MFCR 602 . 8 L 10 g i
Total value $106,420.31 | 10 ) 15 ' "
’ Invoiced $21,400.00 . 9 13 ,
. Paid . $19,200. 00 e T L 15 ,
: Payable '$ 2,200.00 . 8 BT
ﬁ , \. :
3 ' HOldb&Ck i $ 1 ] 920 ] 00 - S 8 li .
- subtotal 95
Charge back number . . 0 | 10
" Charge back amount o 1 15 . " i
Change order number A 70310 6 10 °
Change order amount $23,169.00 . 9 ~ 1%

Note that spaces and special cﬁg:actefs ($.)
must be coﬁnted separgteiy whén they are used. Generally
Mdoligr sigﬁsdnegd not be entered{when the figure entered . - .
is kmown to aiways’représpﬁt monéy. Tﬁe Eomputen w%iln
automatiéal;y’ihsert these signsvwhere required in'{ts )
" .printouts. Similarly the underlined titlesére not . Bl

‘ S pnxeredrér stored by the computer, but they are suﬁpliea
i ' - ~ R L
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", over the last desired number-.of -years.
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'automatipally on the printouts.

The typical business system ma&.n@t-store gollaf
_ signs or otheﬁ £epetitive characters pér cdﬁ%pactor.
| Allowing for fﬁo contracts per coﬁtraétor and *
six change orders or chargebacks per contract, the -

record size may be calculated to be
~

100 + 2(95 + 6 x 25) = 590, say 600 bytes L
@mged on company experience and goals allocate the
number of records to be1

. average number of active contractors per job

multiplied by average number of jobs
o . =

say, 10 x 15 .= 150 active contractor records

1)

Simildr caleculations to arrive at say 250 inactive

contractor records. . ' a .

Subcontractor : ~

400 records 150 active .

[y

250 ;nactive

. each record 600 bytes o

The breakdown of.the computer subsysteﬁs follows.

N . .
’ -

5;2 “gguipmeﬁt Subsystems = . - Coe
Functions ' : : ' '

’

A) -Maintain a file of equipment owned and rented

5
-

9

N

I
.
e
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B) create and maintain files and reports on:

a) cost of operation (summary)

b) utilization and down time/availability ratios
c) payment status/financing status -

d) approach of lease buy -out ’

el termination of lease

Inputs

A) equipment data

B){ operators reports

' C) cost data (from job costs)

D) ‘invoiceé and payments {from accounts payable)
' ‘ " Internal

.’

OQutputs

A) catalogue of equipment (on request) 50 pages/month

B) utilization‘reports
C) financial.status
| a) operating cost per hour -
b) lease téfmination |
¢) buy out warniﬁg

I Total:

Pileg

~A) equipment file for owned

M v L4

and.rented‘eguipment
AN

[

100 entries/month L
500 entries/month |

Internal .

200 pages/month
50 péées/honth‘

300 pageqﬁmonfmﬁli o

600 fecords o

' ’ A




63

Major Control Applications
‘A) invoices and payments

B) equipment cost versus, job equipment estimates

€) utilization and availability

D) lease buy out timing.

5.3 Sub~Contract Subsxsteﬁ 5
; ( Punctions ﬁ
i ' A) maintains a file of all subcontractorg used over ,
the last desired number of years '
" B) reports‘on sub-contract status
a) value n
. < b) invoice paymenf status
: c) hold bdcks, charge backs, change orders. .
LA) sub-contractor data. o 100 entries/month
B) invoice and payment data X
1 : ' - (from accounts payable) . (internal) |
C) change order, charge back | - o
(from job costs) L - (internal) \
Qutput | ’ | N
A) sub-contractor statué'repért' . 150 pages/month
-F-i-'.-lg(‘ | ' . : ;.
A) sub-contractors | S

- (150 active and 250 inactive) 400 records

AN

/ ‘ -

s - . . [ Lo e,
LR . * P 1 *
4 hd . « x .
S | . VLt : ‘ . . ; - !
' . D . . L] [P N

/o

.
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Majér'Cont;gi Applications

A) matching of payments vs. contract value (i.e.--work done)

S K B) follow up ”overdue” gharge backs

e ., C) +tracking of change orders, chargebacks and hold backs

5.4 Cost Distribution Subsystem

This is the major subsystem within the overall

company control of prcjects'. It feceives all of the pro-

(: - , " ject related costs and classifies. them according to )

i ‘ ' job or ‘project. These costs are then distributed . .
to the relevant job cost subsystems and in the T :
appropriate cost *~breakdown: The information available ~
from 'this subsystem. is valuable when‘considering. project
nisﬁ.agement and control staff crganizational setups.

The size of this subsystem has a major fimpact on the

v .o ) . . - .
" size of the computer M I S requirements. ) ‘
. ° s ’ o . ' . )

Functions : . . RN .. "\\

A) accepts cost J.nput for JObS only from payroll, : .

accounts payable and equlpment subsystems, K

‘ ' - B) summarizes detail costs by job control and

general ledger, account number,

L c) prints audit trall reports to support automatic

entries

D) maintains a file of all detail cost‘recortds ah_d

* ©  on a request basis .,provides detalled costs, N
' E) prepax‘es cost comparison reports based on job and
’ "7 item nunber input on requeet. ) |

-
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Inputs

.A). Peyroll’ o : j.nter"nal' : '
. ".B) material equipment and sub-contract ‘

~ costs (from A/P) ' internal .

>C) distribtlttion ad justments ' 200 entries/month
D) cost control G/L cross reference " internal
E) equipment costs - internal

P) direct staff

-

50 entries/month
@) o_lut of country

\
"mktputs ' o Pages
A) audit trail . 10/month_
B) detail costs to date | 200/month
“:q C) cost éomparis’ons per li.pe Jtem . lolol/mon\th.
D) cost history ' "200/month _
. \' »

: " -say 600/month

1

Piles

—————

Historical detail costs and adjustments

4000 records/month x 24 months = . 96,000 records
1000 records/month x 36 months = = 36,000 records
| - Totals 132,000 records

Note that a.period of 36 months Ku,sed here
art

becauseé of the considération that a p cular project

‘could last 3 years.

~

300 entries/month .




;
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'A) audit trail of costs.
B) listing of adjustments and entries

66"

These files inplude all costs for all the

projects. Since they are the source of information

to other subsystems such as payroll, job cdsts (equipﬁenf
and material, for example), subcontracts and even
general ledger and other accounting systems, they
areccomplete and detalled. They comprise a comﬁiete

record of the costs of éach project from its

incebtion through to its completion. As well as all costs

regarding current activities, these files store

detailed hlstorlcal information such as subcontracts which’

have been completed, inspected and paid in full,.
All of these costs are stored until the project is

I3

completed.

Major Control Applications

\

5.5 Job Control Subsxsteh T N

. This subsystem is the major one used for

'individual project control. This ‘subsystem contains

.the ‘information required ‘to monitor the actual

and eetimated cost und the actual and estimated t}me
scheduling on a per project basis. It receives tdd cost
information from the cpst distribution subsystem and
directly receives input information with regards to

schedgl}nga work progress.hchange orders etc. All
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reports and!schedules are dated. This results in

the work progress, for example, being ﬁbnitored on a
" time basis. Comparisons of the actual and estimated
time scheduled work progress allow for project control

actions to be implemented. Note that the cost
distrlbution system recelves the information regardlng
change orders etc. from the accounts payable subsystem
as they are paid. ) i : ’
Functions ' ’ _ : ' ' ﬁ
A) maintains file of estimated costs. actual
costs, units of production for ‘each line item ;
fer each job.
. B) change orders are maintained as line items
' cdhplete with a statuS'eode vig a vis
approval status

¢ ) ) .
C) unit costs are calculated where appropriate

'D)

" b)
c)

d)

e)

E)

©a)

cost data bfoken down-as to1 l ' ' ’ ' ,‘: %

a)

equipment is maintained as' job line items « - '
speeiel gondit{oﬁs are flagged

change order With no cost . L e,

labour

permaﬁeht material
copsumable material
equipment {owned and iéased):

sub—contracts
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'b) actual over estimate

¢c) large variances in unit costs. ,

¢) all changes to a job like change orders and
: ‘ .- back charges will be forwarded to payables,
. ' receivables, sub-contracts

H) no restrictions as to the number of line

e

items per jéb or the number of itéﬁs controlled

on a unit basis
I) produces weekly uni't cost reports . ' Lo

. J) produces monthly cost reports.

- ~ Inputs ) : ,
' ‘A) all costs (from cost distributidh) " internal |
°$ ‘B) estimates (cost and units of
p * production) . .. N 200 pageb/hon@h
C) change onders'l o ’ ‘100 pages/month
D) charge backs - ’ 20 pag;s/hOnth
: . ."E) extra work orders : . 10 pages/month B
_ F) units of .p::odl;ction . 400 pa.gés/month
’ ‘ Outputs _ ‘ .
o A) weeki& costs | R .. . 100 pages/week

B) monthly costs - © .. 200 pggeQZmonth PR

" Totals 600 pages/month

-




_C) equipment

f11981
A) “original|line i%ems ,
100 lines (average)/job i 15 jobs

*B) change original line items.
200 lines (aversage)/job x lﬁ\jobs'

L4

250

\

”d say

Major Controls

A) cost coding and adjustments’screened and

systematized

* B) costs can easily be supported by .

a) description audit trail
b) - detail cost report

'C) special conditions flagged.

4

‘1500

3000
250

4750
5000

)
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Chapter 6

COMPUTER SYSTEM CONFIGURATION CONSIDERATIONS

)

. 6.1 Introduction

The computer system to be chosen here is
constrained by the fact that seleétion'id made |
ﬂrom'comhercially available hardware; Further constraints
result from detailed consideration of the system 8 '
desired obaectlves. This would include the
estimated volumes of inbut, output, computer memory
requirements. The computer memory requirements (as dis-

tinct from mass storage) would largely be influenced by

: the amount of data thaf must be available ‘for-

immediate access.” Hardware choice is of course

a function of specialized performance objectives)

for example, graphics. ’
In any computer system. a design objective .is to

ellminate or mlnlmize redundancy. This 1; done to

help mlnimlze memory 5123 requirements and also

t? help minimize ®ffort required for the data entry.

Integrating system inputs effeqts a large reduct- q

ion‘in'redundandy as hoted above. Thie feature has been
_assumed in the discussion to this point. Por

.example, to enter labour cost data into the

pavroll, cost distribution subsystem, and- job

"+ eontrol subsystem.it|is necessary to enter the data onl& h

]

M |
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: actual firm.

"' D)’ invoices and payments (see accopnts payable)?! = \\§\

.7 ") " change order and chargebacks (see job controlX o

into the payroll subsystema the other subsystems
ecquire the data automatically and internally
- within the computer system. Because of this, in the '
‘discu851on that follows the inputs to payroll and other
such subsystems will be discussed even: though the
consideration of the subsystems themselves is beyond

the scope of this report.

6.2 Estima;ed Quantitxjof~Dat gx’ e L
: The following figures represent the totals for

the requirements of the subject firm discussed. In
an actual practlcal situation they would of course

. have to be ealeulated accordlng to the needs of the T

i N -

[

gguiggen¥ Subsystem - Ehtries/month
A). Equipment data ' . 100 o | ,

B) operators’ _reports e i . 500
C) cost data (see cost distrivution subsystem) o YV ._\<

Sub-contract Subsystem y =7
" A) subcontractor data L 100-

B) invoice and payment data (see accounts bayable)

e

PR, o N i . . o, Y
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Cost Distribution Subsygtem o
. ’ d) labour (see payroll) ' s . T Y

B) material, equipment and sub-contract costs

(see accounts payable) - O _ ‘
C) distribution adjustmentsw 200
ﬁ) cost control/GL cross reference ‘(gee general ledger)

: , E) equipment costs (see accounts payable) Lo

t *

P) direct staff . S - 50
’ G) out of country staff 3000 .
, Job Control Subsxstem . , -, Entries/month {
“a) all costs (see cost distributﬁon subsystem)
| B) estimates - ' ‘Q' : 200 .
¢) change orders - - ) . i‘“loo
D) charge.b;cks L : gof‘
' ‘E) extra work orders ° L .10 _
‘ ) ' _ F) ‘un;ts of preduction o, ; ~‘400 . RO
Accounts Payable : ‘ o ' B
" A) purchase orders ) :1200
‘ ‘ B) invoices ineludingvsub-contrncta ‘?800 o
‘ C) adjustments : | , . boo e .

’ , . . D) supblie:fhatg and cheques ha 600 ‘1,




A)  employee data
<" - B) time cards
c) adju's{:mentq

General Ledger

[}

. . TOTAL Tmswnor«‘s
" CONTINGENCY

5

G

A) hdger entries and account date -

[

. 3200
. ks’
»

100
19,‘880

”

“ . t \\ . \
. N R
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’ ‘ Panoll L Etgies[mggth
. ) ). CE .

— ' ) ¢ > ‘
' . \ -(this is not expansion potential) ‘ __1_-.1_2L_ ' ‘ : ‘

. o
“ . *or ' '

SV ' . . 12,000

o, ' . o 5 ' . ) ) “\
* J y 4 )t \ i o ‘ ‘
) - . 6.3 Fstimated Quantity of Data Output SR
' Report Volume: - , ~ ’ . pages/month *
e Equipment o .. 300 - ,
v ‘ . N v a

o ' Subcontracts v
" Co ' cost distributi'on

L1
1

Y. s . Job control* A '
TOTAL , f : C.

I S CONTINGENCY - e — .
~ L (this is not expmqion potential) 2

A0 - - 6, 4, L e aps . lation
4. .. . Note that as was mantionéd earlier this firm - R
>quotes on 150 to 200 j'oba per year of which 90% to

5 DR 93%"81‘{ not awafided, There is o glloeation in
o . . ’ . e .

J

- .
o™
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L
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tﬁis_ allowance in this system to store each of

these quote's on fhe computer memoryt This is becéuse :
automat:.cally those jobs that are awarded to the Y .
firm w:.ll be entered into the system. Those jobs which s
are not awarded to ‘the firm (which mi‘cially is all .
_job estimates since it is not known which jobs

w1ll be awarded and which ones will not be) are

prepared in the firm and put into the form de51red by

the client usmg “the computer or a manual~ system These ‘job

estmates can then be stored in _the form that. was presen'ted to

lthe clientﬁg wrth all\'the notes- and ‘take off\thg‘t' :

a ’
-were used to ar at thj estmate. Lo .
T ¥ %% — ' oL
The followmg calculations are designed . .
‘4o identify hardware constramts that would .-~ , . ¢ 7
O\ e ) u"
\result from ‘;he volumes of input and output o \
* data and the time requ.irexpents to obtam access. . , A . )
. H .o
€ . ’ ‘ e -~ Y
61&2 Datamu P
12 000 entries x 70 keystrokes x 1 manhour ' L.
month ~ - ““entry 500 Eeystrokes . @

= 112 manhours/month -

A o @

To calculate, the minimum amount' of necessary

hardware, assume a.ll entries\by a skilled Kkeypunch:
opq;-ator:t;.he reguirement f_or d ant'ry isr . L

L) K , 1
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.

112 manhours per month I

e

6.4.3 Hardcopy Output > ) |
1900 pages x 50 lines x 1 month x 1 ho:r = 12 aines
mon page 153 "hrs. 60 min. “mInute
‘H , -The minimum requirementifor'a printor w@icﬁiwili '
‘be operated only during the company business hours * B

¥ L e e e ueey o p—— B

75, L . T :

O

Per month available time is :
22 days/month x 6.5 hours/day - :

v

= 143 hours per month

L N

This indicates that __on.e.:bermfnal would Je occéupied:
80% of the time.

PR
~

L ' ) (N

(no overnight}ﬁrinting runs).is 12 lines/hinutﬁ.
There is an .assumpf‘ion here that data will be Coe '
avallable whenever the printer is free, i.8.--a
reLurce levelmg of data output ‘is ma&imizeci; In '
pract:l.ce this does no't happen and the. printer may \
.be used as little as 20% of the time that is available: h ' .
It is of course still requ‘ired to produce the required .
volume of output. ; ’
‘ The minimum printer capacity therefore becomess

12 lines/minute x 1/20% = 60 lines/minute.
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. 6.4.4 - Disk Capacity - ) e )
" ' . . ‘
To accomodate all active files simultaneously the ’ N
! . . "
disk capacity is calculated as follows: .
' Megabytes
ﬁi ) Equipment Subsystem \ ' . - - ' -
? 600 records X 400 bytes/record . = e2h ’ )
Subcontract subsystems -
o 400 records x 600)bytes/record" = 24
Cost distribution subsystem
) 132,000 records x 50 bytes /records= . ~0.6
% Job control subsystem ‘ I
P :
5000 records x 400 bytss/recofd = 2 2l
N = 9008
TOTAL DATA -
" free space'overhead T 2.9
. ' operating system J 20 -

' e 04 L ko

= co Minimuh disk capacity is 14 ﬁegabytes..
; - o o . : -

' e

- . L4

S bubs Computer Internal Memory

L . opgréting system oot 10K

;o ~_ data entry . - . . 15 K

-

"'.prograﬁs'(wigh level language)
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CONCEPTUAL COMPUTER HARDWARE SYSTEM ANALYSIS

7.1 Introduction

_" The calculations in tﬁf previous gection were
' done to identify hardware ponsfrainis. Thg-bomputer [
) hardware é§§tem must be configured within thesg'const{
raints, but based oh\the requirements éf the £irm.
In order to gain the desired and planned ben;fits
from the system, it must be designeﬁ so.that it is
easy to use by all so that it will be used propef;y
and as required. L '
Data input is réquifed from each job site.‘for
example materials receivéd, equipment used, labour costs
etc. This data can be entered into the system
A) in an iﬁteragtivé hode, through a regular
or 'smart®' video display terminal or a -
terminal 'with hardcopy\éapability or )

” °B) in a batch mode using-only forms which are

81te and are "then keypunQbed

o

. Chapter 7 \ .

\ { 1nto the system on a dajily basis. "

The data qould also be typed gnto a storage
device on site and entered into %heﬁ;ystem on &
daily basis. & ‘; | | ' |

.Data may‘pe$rdhudréd on each site. Egampleg,‘

of this are reports, change 6rders[ ‘back charges

A

Ll
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. approvals, available resoirces etc.: This date .
- : can be transferred on request from a terminal on\uute
to a hardcopy printer also on site, or requests can

be received from the 31te and the information would -

_be prepared and sent to the site the next day or on

; . ‘ | a periodic basis, Similarly graphs. .bar charts, etc. s
i ‘ . .

can be produced wﬁth a plotter.

! A " 7.2 Representative Systems . ‘ L/ |
' . The minimum syetem.HErq'ere requirements for
this firm would be one computer (cp U), one CRT -
termlnal one printer, one dual disk drive. Th’ng

\
is illustrated in the schematic in figure 7.1 with R .

system

representative figures as discussed in section 6. 4.
\ All of this hardware would be housed in e company's main
K | office and the system would work in the bgtch mode. .
All figures from the gite would come from filled out E
‘.d . .f forms. All report; .and data out to the site-would be
availablé on a next day basis. &
aE " Note ‘that a dual disk drive (a drive that operates :
two disks) is recommended to facilitate copying data from
one disk to enqther. Back up disks are normallzrmade and

q * updated periodically as security against loss of data. v,
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C R T terminal

-+ . '
N L

. ’ Central Proc;séing _ Printer A
' l Lo Unit (C P U) ~. 75 lines/minute
P ' CL (64 K Bytes)

Disk Storage _
‘ 10 megabytes fixgd , - '
. - 10 megabytes removable

‘f r‘\

The next stage of system hardware sophistication
‘ would be to have a remote termina11 That-is. aCRT
L " terminal on the site with an accoustic coupler modem.
‘ The ‘accoustic coupler modem is- a device which
: o _enables communication to pe nade from the terminal ‘ '
on site to the C P U in the ¢ompAny main office by
' meansy of standard telephone lines. fThis eliminates the

- need to run special lines to each site when the .

) a » project starts. C
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} . A terminal on site would permit on site L ’J.
‘ personnel to ask for information and receive 4t

. immediately on the screen. On site peréoﬁnel could -

also input data directly to the computer. &n .

interactive mode of operation would then be feasibleh

'Only 1nformatlon that cod&d be projected onto the C R T

&;E a screen could be sent out to the site. This might be:
‘ . ‘, "has the change Qrder{been approved?" or "for this. ﬂ

L ..
P , subcontract what material is called for and to date
| ,

‘what has been received”" A printer on. site could increase

this capability. S -
An on site‘printer would allow‘the:transmission
".to the site of hard copy output. Information which is
* to be retained for further referenez\er which is

required at a locatlon on the site removed from

. . the termgnal itself can now be produced by the printer..

This might,include subcontractor work schedules,,

7 S o

anticipated bills of materlalsieventportions of
contract documents,etc. ) _ . é ‘
- It is possiple to increase: the site facilities -« .
‘ to the level of the main computer installation. An

on-sxte plotter would allow the production on site of .

dqawings. charts. or graphs. This might be of'interest .

" where it is desirable to very quickly receive on site

: , a the latest revisions or updates. Punch card readers .
. . " b \
! W ’ or magnetic ink readers migh% be of interest s¢ that

. by

o
w7
-
. z
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the data from the time cards of the workers might .
be read directly into the computer C P U. These

cards would, of course,'have to be suitable matched

to the computer reader periﬁheral.' There coul& even

be on site a small processor (C P U) which could do pay-
roll or other calculatlons.

The size of the, individual projects and the
distance or ease of transmission of information and hard
copy by means other than the computer system will be

//signlflcant factors in det@rmining the usefulness of

the computer system peripherals on site. Conditions of

a large project, such that transmiss;on of information

to the site is difficult or expensive by non computer sys-.

tem means, and being such.thaé it is important to receive
on site printouts or diagrams‘woﬁid have the effect of
increasing the value orvhaving the computeg peripherals
on site. Conditions such that the site is easily :
reachable from the office would fend to decrease the
value of having the computer peripherals on site. This

must be examined in light of the firm being cqpsidered."

L]
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Chapter 8 o,
~ RECOMMENDATIONS |
8.1 Introduction

It should be reitePated here that the scope bf-
this Major\Technical Report has been limited to -
project control and as such has not viewed or
considered the complete application of a computer ’

gystem. It cannot therefore address itself to the design
of the optimum computer system for the firm. It

_does however highlight the type of consideration and -

analysis that should be undertaken before the decision
to implement a computer system is finalized.

Witﬁ this in mind rgcdmmehdations are ﬁresented
in ‘'section 8.2. ;
§;§r7ﬁecggpended Computer stfem \ -

Our subject firm is considered to operate

in a manner whereby, hard copy is easily évéilable from

the office to the site. And so a printer, plotter etc.,
is not. necessary on site. It is also considered that hav-
ing information immediately available to the siﬁb when
required is a requirement which is strong enough to
merit-having a terminal éﬂ site. ' Hence the following

recommendationg are made,




My

A video display smart termlnal should be put

on each project site. COmmunlcatlon to the main

| | L F
, computer system is done via telephone lines so that . . J

' 13
no additional wiring is necessary (acoustic couplers

can be used,’ for example).

<
et
e ey 4 TP, AN ALy AR 2

However datalinput

should be in the batch mode, that is, forms should

also be available on each site and the user at )

PR

each site can decide to‘use gither the terminal

or the forms to input required data into the

system. This is.done to make the system easier to

use by the user since most construction people on

site are not skilled at typing. Data which is entered

2

via terminal would only be stored in a buffer-
staée in the central office and daily checked.for syntax ~

. and othér errors by an operator and entered into’ the
gysteh. This added protection eliminates the requirement

for on site construction pérsonnel to become

’ A

familiar with the technical details of inputting

e data to the computer,

‘ : While the data input is designed to be batch

mode’ the data output fto site can be at least in

" part interactive. On site personnel requiring

certain data (e.g(--materials ieceived, ¢hanges approvedj
etct) could get an immediate résponse-to fheir ' )

request. Utilization of a smart terminal (one that )

can ltore data and release it in bursts) can minimize ‘ .f ;=

i

s T e
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on line time to the ma&n central processing unit--
a significgnt feature thn many projectsIQEe ongoing
simﬁltﬁﬁéously. Printers would be oniy in the central
: )&office and'not on site ?ue po theA?eceésity of
maintenancg of paper and the harsh on site environment.
Written reports would therefore be available only ;n
a next day basis.
A small plotier would also be available 6nly
in the central office’for‘production_of graphs,
- charts, arawings,etc. The plotter output would
_be available only on a next day basis. ‘ ) B
. The capacity of the system installed into
the firm should be 50% to 100% greater than the -
minimum calculated requirements. This is to allow
for expansion and also for additional uses of the
system which arise only after the system ;s installed..
Additional expansion capacity can also b? ‘ (
ach%eved by relaxing the implied constraints. )
Lengthy reports can be printed overnight even when the o m

system is 'unattended. It may not be necessary to

have all files on line simultaneously, etc.

The system mus; also‘be'modular in function so
that it ;s possible to add comppnents or ﬁeripheréls'
to the sysfem withoutlany change in the existing

hardware or software. ¢
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Bven with the best of plamning introduction . - |

of a computer sys?ém invariably precipitates changes
which eventually manifest themgelves in chaﬁges
to the computef system requirements. Therefofe -

N I * * every computer system must be flexible and easily

o - able to accomodate chggg;ng needs. This feature

\ : must be designed into the computer system from the
very beginning.
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