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INTRODUCTION =

(x)
" At this time, computationally fegsible models far
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optimizing the leveling gf resources do not exist "
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Dne qf the comman problees which faces a production or
a construction firm, is to distribute its resouwces on
its different projects. Therg will be po problem, if the
resources were enough tp cover the needs of all projec{&.

The problem will arises, if one project or more could
not be accomplished at its exact time. In this case, some
subsidiary problems could be created; such as &

i) the posterior project/ s «~if any - will be retarded;
ii) the firm may pay some overtaxes as penalties for
retardations
iii) the contidence and trust in that firm will be chaked
and changed 3 ,
iv) the total cost of the project/ s , will augment wilh
the time (the oppertunity and indirect costs are
directly proportional with the tiae).

To avercome the preceeding problems, the firm plannevs
have to put their hands on the bottlenscksy then reevaluate
and modify their plans.

— —————

(%)  Ref. (5); pp. 545




There are many Feasons, that the projectist @ay
accomplizhed after its calculable time. Some of these
reasons, could be supmarized iy the fnllowiog points

1)the absence of spientific techniques and managements;
ii) the shortage of resources guring the execution 3
iii) the wrong distributiaon of resources &0 the prajects;
iv) the negligence af control #pr:.some_‘éénsible and
critical activities g v R
v) the unavoidable and unexpected enterior factors
as climate, powar, ...; etc. B ' o

In this research, we will consider the PERT or CPR
technique as a starting step te formulate the mathematical
relations of our model. 80, the first part of this research
will cancern ta briefly expose the most impprtant parts of
PERT or CPM technique as a acientifis tool for this kind of
problems. An extended and very important part of this
technique, is the so-called “Repmwree leveling and
allpcation®; where equipsent and manpower planning will be
put in consideration in this research. '

In the second part, we will concentrate onyr attentions
to generalize the use of “Resturce. allocation™ as a
preliminary step to forpul ate pur model. . in the third pari,
the copmputer output result for an exapple WiLl‘hé‘Pr§ﬁeﬂﬁﬁd-



PART - X
FPERT and CPN.

Two Ffundamental analytic techniques proposed in the
late 19305 for planning, scheduling, and controlling cpmplex
projects. PERT which is the synanym of "Project Evaluation
and Research Technique® or “Performance Evaluation and
Resgarch Technique" or "Program Evaluation angd HResearch
Task”™; and CPM for “Critical Path Methpd®. Although the twa
techniques were developed concurrently and independently,
they were nearly similar. Aside from minor differences in
terminology, natation, and structw'e, only two major
differences usefully distinguished the twe methods. First,
PERT ackngwledged uncertainty in the times tp complete
activities, while CPM did not., Second, PERT restricted its
gttention to the time variable, whereas CPM  included time
- cost tradeoffs.

{ I~-4% » PERT / TIME and PERY / COBT
Srigras e i ek o g e e R TR R PR A S IR
The common factor in the tﬂd techniques —-PERY and  £FN~-
is "the “jobh" or the “activity®. The project managers must
schedule and coordinate thé various jobs or activities so
that the entire pquect i completad in tieme,. A complicating
factor .in carrying out thie task is the interdependence of
the astivities. For example, spme activitjes depend upon the
completion of other activities hefore they can be started.
When we realize that projects cah have as many ap several
thousand specifig activities, we spe why praject managers
loak for procedures that could help them answer questions
such as the following 3



a) What is the expected project conpletion date ?
b) What is the scheduled start and zompletion date for
. each specific activity ?
£) Which  activitiss are ceritisal” and woust be
campleted exactly as schedulpd ip order to keep the
project qo schedule ? ,
d) How - lung, &ah “peaeritical® activities be delayed
pefore thpy cause a Helay im the total project ?
.As we know, PERT / TIKE and CPM can be used to help
anawering the above questions,

While project time and the mesting ©f a scheduled
completion date are of primary considerations for alsost
every projert, there are many situations in which the cost
associated with the project is just as iaportant as tigw.
The technique referred to as PERT 7/ Cost can he used to help
plan, schedule, and contrel project casts. The ultieate
objective pf a PERT / Codt system is to provide ipformation
which can be used ta maintain project coste within a
specifisd budget. In this term, PERT / Caost technigue affers
- differant alternatives sthegutes (Time vie—a-vis Cost? for
_achieying a praoject.

The first otep in a PERT / Cost control system is to
breaak the eptire preject  in to companents that are
convenient in teras of peasuwring and controlling cests. The
related activities which are under the coatrol of one

- departasent, subcontractor, etc.§ are often grouped together

to form what are véfeyred to ae Yworht packagea.

By identifying cosis af each wark packaa®, a praject manager

can use a PERT / Cost systes te help plan, scheduie, and
cantrol project costs.

' In this techanique, three categeries of cast fauld be

identifipd for any given preject

4



1) Direct costs s

Associated with the commitment of

resources
(labor, materials, equipaent, angd so Forth) fo
activities ;

2) Indirect or QOverhead costs >

Such as expenses aesociated with utilities,
administratiop, and supervision; and
) Opportunity costs 3

Such as penalties for completing a praject beyond
a certain date or bonuses (benefits or negative costes)
for completing a project prior to a specified date.

in this approach, for svery job ar activity there are
four data items must be agsaciated. Howeveri ite noreal ,
crash time and cost, which leads to calculate the "Cost

slope" for each activity, or the cost of expediting this
activity per unit of time {see fig. 12,

N
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Cost sigpe = |
ch — Wb

Given the detersination of a critical path based on
normal times, the act of "crashing” inveplves the sequential
time campregsion of critical .agtivities from normal
durations to crash durations, The end result of this effort
is a smset of schedules yielding direct cost as a discrete
function of preoject duration. When this function is combined
with the indirect and opportunity cost functions, a discrete
version of the total cost function can be constructed;!
Fig. 2}.

Cost
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Total cost

Indirect cost

Qpportunity cost

Pirect cost

, . Duration of project
g Minieums
total cost

{ Fig- 2}
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(I — 2) Kinds of Ffloats =

Every activity in a project is defined or characterized
by two event (point of time), the first determines its
start and the second for its finizh. At every event, there
are two types of times to be calculated, Earliest Event Time
(EET) and Latest Event Time (LET). For critical activities,
these types of times are equal .

Suppose an activity of starting event i, finishing
event j and of duration Qﬁ. There are three kinds of floats

can be calculated ( if desired ). Mamely 3
a)Total float

Which is the maximum time by which the activity
may be expanded withput affecting project cospletion.

i.e 3 Tatal flgat = LET - EEY = P
i ij
b)Frea float

Which is the maximus time by which the activity
may be expanded withouyt affecting any subseguent
Miv#tyq

j.e 3 Frae flpat = ERT ~ F-ETi v Di
3 i3
o) Independant fleat

Wwhich is the manimus tiee by which the activity
may be expanded withgut atfecting any other artivity-

i.e ; Independant float = eeT -~ LET - D
' 3 i ij



The above three kinds of floats could be represented
(x>
graphically as fallow :

i - Event i — Event
e ey mpme————" s g e s ek e e
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i i : i 4
L | N : \
: )
Activity duration (D) Tot al float |
I
S 1 L T "I
[ | i
1 | l
| ! I
e - st e |
lAactivity duration (D) Free f 1 p a t
b= =
|
1]
I
I
i
I
1
1

For any critical activity, the thres kindas of float are
gqual to zera.

{%¥) Patrick O. Malone ,"The basics of critical path
method®, COUrRe nptes €N. 821, Septemher 19746 =
International Bank for Recanstruction and Developmsent.
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(I -3 ) Tiee Chart 3
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The time chart readily identifies schedul ing
flexibilities because of the visual case in identifying the
total flgat associated with each non critical activiity. The
first step to design the time chart is the scheduling of
critical activities. These activities are located as those
having zero total float. Then they are plotted sequentially,
the length of each line corresponds te the duration of the
corrasponding activity. The dussy activities need not be
plotted, as they take up zero time, Each non gritical
activity is plotted separately. The beginning and end of
each line correspond, regpectively, to the earliest starting
time (EET ) and the latest finishing time (LET } +for the

i J
given activity. The total Float for each non critical
activity is represented by a dotted line.

For example, consider the 4ollowing network of a
project (Fig. 3). After calculating the total completion
time of the project, and identifying both critical and non
critical activities, a horizoptal 1line with a scale
proportional to that time, is plotted,

This line (doubled line}) is divided in ta parts, Each
part rapresent a eritical activity. The neR critical
activities are represented hy continuous thin lipes. Their
lengths weré taken by the samg scale of the critical path
{(Fig. 4).
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The rble and importance of time chart will be evident
in calculating the total resources required at every period
dyring the execution aof the project. It is alsd essential in
part I1I, when we have to foreulate the proposed model for
layeling the resburces.

(Y — 4) Resnurce'leveling angd allocation 3
IR I S 2 e S R S A 5 S R

Basic models assume unlimited resource availability,
which is clearly unrealistic +for many envioroments.
Activities on parallel paths in a netwerk, way compete for
the same FesEoUrcRR. Consequently, limited resources M3y
force ssquential stheduling of activities which arg not
related by precedence relationships,

Therg are two basic approaches to scheduling with
limited resaurges 2 resaurce leveling and resouwce
allocation, In resource leveling, peak resource requirepents
are smobthed to reduce maximum capacity needs -~ comeastent
with meeting the scheduled completion date.

In resourge gllocation the Huratiep of the project is
minimized (usually beyond the scheduled completion date
pravided by the basic wmodel) subject te appropriate resource
and sequential constraints.

The basic issue involves scheduling non critical path
activitigs at times which ainimize fluctuations in expected
needs for the resgurce. The resources that are to be leveled
or allocated will be of different types (for example, ®OnNeY,
labpr, machinery, and SO forth). Furthermare, capacities in
various work cepters (each resource is a work center) oaay or
may not be transferable to other wark centers o activities.

11



For example, a particular type of skilled labor may be
appropriate only for certain activities.

As mentigned before, that leveling of resources depends
on the float of the noo critical activities of the project.
The idea is to shift oF to alleviate the resources from the
peints which have a high density of resouwces (peaks) to
less density points via the non critical activities.

For example, suppose the number of engingers required
at every unit of time in the previous project, like the
fpllowing 3
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1 2 3 4 5 4 7 8 910 11 12 213 14 15 16 17 18 19 20 21 22

" " e - o o e i s s e e e ot i it i

IR E U G T G TS O e e I SRR TR i e e

= =y = - v — = - g -

(Figuyre S5) represent the tiee — chart, and the activity
requirements from the &ngineers as resources. The activities
were repréesented by their earliest start Cises.
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