Project orientated planning, scheduling and

controlling technique

By Hailu Yemanu, Chief Engineer. Awash Valley Auwthority

In the past several vears, rhere hus been an explosive growth of management
technique to be used for plunning and controlfing projecis. Between 1957 and 1958
such technique received special attention und as a result improved and developed fur-
ther under various names {CPM, PERT, etc.). The technique is a method whereby
the policy to be adopted in careving out a project is represented by a graphical model
in which the times necessary for the constituent paris are inseried. The model is an-
alvsed. the sequence (3) of times which determine the total project time extracted
and the times available for all constituents calculated. Comparison of actual times
with availuble times enables contval to be exerted in the performance of the project.

Introduction

There are several technigques used for project
scheduling. The oldest and simplest which is still
the most used is to set up a narrative list, more or
iess in chronological crder. of the tasks to be ac-
complished showing the time required for each
task and to work out on this basis the resources
necessary {o carry out the tasks, This elementary
scheduling is. however, highly inefTicient. The other
way is to prepare a bar or Gantt chart and, although
this is extremely simple in many cases, il doesnot
show the interrelationship between the various
activities.

In 1950 in Great Britain, the Operational Re-
search Section of the Central Electricity Generating
Board investigated the problems concerned with
the overhauling of generating plants - a task of co-
nsiderable complexily which was increasing in imp-
ortance as new high-performance plants were being
brought into service. By 1957, the Operation Re-
search Section had devised a technique which co-
nsisted esscntially of identifying the “Longest Irre-
ducible Sequence of Events’”, and by employing
this technique they were able to reduce performance
time by 429, in 1958 and by additional 32% in 1960.
The name of the technique. *Longest Irreducible
Sequence of Events™ was soon replaced by the name
“Major Sequence™.

Simultaneously, similar work was being under-
taken tn the U.S.A. In carly 1958 the U.S. Navy
Special Proiects Office set up a team 10 devise a
means of dealing with the planning and subsequent
control of complex works. This investigation was
known as the Programme Evaluation Research
Task which gave rise to the code name PERT. After
the successive imrovement of the technique the
name has changed to Programme Evaluation and
Revicw Technique, By October 1958 it was decided
to apply PERT to the Fieet Ballistic Missiles Pro-
gramme, where it was credited with saving two
years in the development of the Polaris Missile.

The U.S. Air Force. under the code name
PEP has undertaken similar development work.
Also in 1958, the E.l. Du Pont dc Nemours Company
used a technigue called the Critical Path Method
{CPM) to schedule and control a very lurge project.
and during the first complete year of its use CPM
was credited with saving the company U.S. $1 million.

Since 1938 considerabic work has been done
to improve the technique which was referred to
cover various names, Mr, K, G. Lockver from the
University of Loughborough in England prefers to
call this technique Critical Path Analysis (CPA).

There is a general impression that CPA or
CPM is a technique which is applicable only to large
projects and that it is vital 10 use a computer io
achieve worth-while resuits. This is not necessarily
s0; quite siriking results can be obtained in small
projects which can be computed by hand.

Fundamentals Of CPM- The Critical Path Analysis
involves three distinct phases:-

Planning:- in the planning phase. the programme
objectives are identilicd and the total job is broken
down into cvents and activities, The events and
activities which constitute a project are clearly de-
lined and the time for the performance of each ac-
tivity is estimated.

Experience of the people in the field is of impo-
rtance in achieving this break-down. The project is
represented graphically by cireles {representing events)
and arrows (representing activities which tead 1o
or emerge [rom the circles).

Scheduling and Analysing:- Since all the works
and activities cannot begin simultaneously due to
technical constraints and resource limitations, they
must be scheduled in some sequence. A network
thus indicates the logical sequence and interdepedence
between the various elements and provides a4 proper
understanding of the details and the sequence of
the components of the project. Every effort must

11



be made to ensure that all activities which follow a
particutar event are depicted in the network.

The plans ure translated into schedules with
specific calendur datcs which will govern the start
and complction of work and authorize the expendi-
turc of resourecs on each aetivity in the plan. A
project schedule should provide at least the following:-

. Starting date for the project.

2. Identification, in chronological order. of the
important tasks to be performed with the stari-
ing und the completion dates of each task.

3. A completion date for the project.

4. Identification of resources such as equipment
materials, special skills and man-power to be
mobilized, within given spuns of time. to per-
form cach speeific tusk.

5. A basis for planning the allocation of monies
for carrying out each task.

6. A vard-stick for comparing physical progress
and actual financial costs as they are incurred
with those projected and provided for.

Without a project schedule that provides at
least the foregoing, it is difficult to ensure that a
projeet would cost rcusonably elose to what is was
estimated to cost. Equally imporiant, without such
a schedule it ts very improbable that a project can
be completed and can begin to produce revenues or
benefits anywhere near the expected time.

By analysing the plans and schedules, the ques-
tion “*How long will the whole project take?" can
be easily answered. All the series of activities can
be analysed considering the duration and the seque-
nce of events. The longest sequence of the series of
activities can be determined. This sequence is critical
to the performance of the project and 15 hence known
as the Critical Path.

Conitrolling:- The project control programme
is one of the important clements in the evalwation
and appraisal of a project in the imptementation
stage. It gives reasonable guide lines [or establish-
ing the timing for cupital outlays and also for evaluat-
ing the thoroughness of planning.

During the implementation of the project it is
onc of the important tools [or measuring performance.
Along with [inancial reporting it is also very helpful
in spotting potential or actual trouble and taking
steps to overcome it

When the implementation of the project gets
underway the project authorities must ensurce that
the progress of work is such that the project will be
completed by its scheduled dute. For this. it is ne-
cessary to adopt a correct reporting system to enable
realistic assessment of the progress against the plan
laid d own in the project schedula.

The reporting system may consist of:-

1. Mile-stone charts:- These charts may be pre-
pared for the totul project displaying the sche-
duled dates of the major mile-stenes in the
project. The periodic reports should show
whether these mile-stones have been accomp-
hshed by the scheduled dates or not.

12

2. Status Reports:- This report is a summary of
the events which are critical to the project at
the time of reporting.

3. Cost Reporting:- The project cost report is
presented under the various heads used in the
original project estimates and shows variations
under cach head. Periodical assessment of the
status of the project through project cost reports
would determine the funds required for the
execution of the project.

Activity & Time Element

Once the plan of sequence and interrelationship
between the various activities of the project has
been established, the next step is to estimate the
duration or each activity on the network. assuming
a normal application of resources. This time estimate
should be made by the people most tamiliar with
the work and it normally represents the most likely
time that the activity may take. Care must be taken
10 obtain sound e¢stimates based on logical reason-
ing.

Terminology Used in Network Preparation
Activity:- s a work elfort of a programme
which is represented by an arrow. An activity
cannot be started until the event preceding it
has occurred and it may represent a process.
task, waiting time, or simply represent a connec-
tion or interdependence between two events
on the network. “

Expected Elapsed Time (te):- is the clapsed time
which an activity is estimated to require. The
expected elapsed time is identical to a single
time estimate tor the work to be accomplished.
Earliest Expected Date {(TE):- is the earliest calen-
dar date on which an event can be expected to
occur. The TE value for a given event is equal
to the sum of the expected elapsed time (te)
for the activities on the longest path from the
beginning of the programme to the given event.
Event:- is a specific delinable accomplishment
in a programme, recognizable at a particulur
instant in time.

Beginning Event:- is an event which signifies
the beginning of one or more activities.

Ending Event:- is the event which signities the
completion of one or more activities, The ending
point is time of an activity.

Latest Allowable Date (TL):- 15 the latest cale-
ndar date on which an event can occur without
delaying the completion of the programme.
The TL wvalue for a given event i1s calculated
backward. by subtracting the sum of the ex-
pected elapsed time (te) for the activities on the
longest path between the given event und the
end event of the programme, from the latest
date allowable for completing the programme.
TL tor the end event in a programme is equal
to the directed date (TD) of the programme.
If a directed date is not specified. TL - TE tor
the end event.
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When the probability distribution 15 skewed the
mean ‘‘te’’ would be computed employing the
following empirical formula:-

a+ 4dm - b
ic
3]
In Case A, te 2i261—_14 = 6.6 weeks.
In Casc B. t¢ 2T 4(6} - 14 9.3 weeks,

“1¢"", calculated by the above formula produces
a “‘te”” value which divides the distribution curve
in approximately two equa! parts as shown below
in figs 6 and 7.
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Fig, 7 Location of “te” in Cuse H.
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Dispersion around the Average Valuc

Standard deviation (o) is calcufated by the
following formula:-

0__[:&'2()(

It has been found that. in a normal distribution,
the percentage of the cases (area under the curve)
included within any number of standard deviations.
measured from the mean. cun be determined from
specially prepared tables of areas of the normal
curve and such tables can be found in any statistics
book.
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Fig. 8 Standurd Deviution — Probubility
Refation i ou normal distribution

If a distance equal 1o onc standard deviation is
mecasured in both directions from the mecan it will
include approximately 68%, of the cases. two standard
deviations will equal 95°%) and three deviations 99°;
of the cases.

—loto+1a¢ 68, of the cases
— 2 o to + 3 0 = 95 ofthe cascs
-—loc1to F3o0 69 of the cases

that 18 b-a - 99% of the cuases
and also 6o 99° of the cases

From this it is found that standard deviation of any
C b —a
activity is 0 = — -

From the previous example in Page 15:

E-|—4m+b_ 232 |14
6 6

b — a 14— 2
g - — - G = 2 wecks

From the above mentioned example the probu-
bility for ecvent (2} to be completed in TE =8~ 2
ie. from 6 to 10 weeks is 68%, of 1hc cases: in
TE % - 4ie. frem 4 1o weeks is of 957, and in
TE 8 16, ic from 2 to 14 wecks is of 997, of
the cases.
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