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Abstract :

This paper aims at providing the reader with the applications
of Network Analysis Technigques to planning in general and to the
Agricultural sector in particular.

1t also aims to treat the lack of ecssential details ( which are

It discusses how the process of project planning and
management 1s performed in some agricultural projects and how
PERT/CPM can be effectively used . This well be done through
three case studies . These case studies are quoted ( but modified
here ——— see later ——— ) from @
Maurizio BGarzia ,
|Project planning -and monitoring using Network Analysis

| Techniques ., .
B . - - - =
| Development policy studies and training services (ESPT=0 .0 198270

The three case studies are :
Wailing lift irrigation projects ,

Terai-construction of a sawmill , and

3]

48}

Integrated area develapment programme .

While the first two case studies focus on the application of
Jetwork Analysis Techniques to specific sectoral projects , the
third case study aims at illustrating how the same techniques
could be applied to the planning of an integrated programme
comprising several projects from different sectors .

The precedence relationships between the project activities

were specified by using the approach named : *
An Activity—-On-Arrow representation ( or An Arrow Network ) .




Introduction : 2

In agricultural plamming , the PROJECT may be defined as
a major undertaking made up of many tasks or ACTIVITIES.

The activities ére interrelated through PRECEDENCE relation-
ships in a way such that certain activities cannot be STARTE@
until others are COMPLETEd. If activity A must precede activity B,
we say that A is a Predecessor of B and B is a Successor qf A .

If no other activity comes so that B can start immediately upon
COMPLETION of A , we use the term immediate Predecessor and so
immediate Successor.

Network Analysis Techniques , specially the CPM ( Critica% Path
Method ) and the PERT ¢ Program Evaluation and Review Technique )_
are very useful techniques for planning , schedulihg , and
controlling and evaluating the cost and time aspects of large
complex projects. The construction of buildings or bridges , the
development of new products or systems and many complex ; ) o
agricultural projects are typical applications of these techn1que§ .

Usually , there are three factors influencing Project
management decisions :

i, Time ,
ii, Available resources , and

iii, Cost .

i, If we have only one limited supply rescurce ( named TIME_)
and sufficient other production resources ( such as materials ,
equipment , personnmel , . . . etc ) available at any time tq
proceed with any activities whose Predecessors have all been
completed , we may ask :

1. What is the Expected project COMPLETION time ?

2. What is the Scheduled START time and COMPLETION time for
each activity ? ' ‘

3. Which activities are CRITICAL , in the sense tha? if they
are not completed on time , the entire project will be
delayed ? :

4. For each nonCRITICAL activity , how much SFAFK or FLOAT
time is there : i.e., how long can the activity be held up
( or kept back ) without delaying the project 7



The time duration of each activity may be assumed to be
gither precisely known ( the deterministic case ) or specified
in terms of the following three estimates :

. An optimistic time ( or shortest possible time ) ,
. A pessimistic time ( or longest possible time ) , and

A most likely time .

ii, Project Managers must also determine how many resources ,
such as People and equipment , are available for the project
and how they should be allocated among the various activities
Improper management of resgurces can significantly delay
many projects .

1ii, The cost of the project must be controlled . Managers seek ways
in which cost can be minimized . This is closely related to the
allocation of resources through the project .

PERT was developed with an objective of being able to handle
uncertainties in activity completion times
On the other hand , CPM was developed for scheduling and
controlling projects when the task or activity times were
considered well known . However , CPM offered the option of
reducing activity times by adding more workers and/or resources
usually at an increased cost . A distinguishing feature af the
CPM was that it enabled time and cost tradeoffs for the various
activities in the project .

In today's usage , the distinction between PERT and CPM as
two separate techniques have largely disappeared . Computerized
versions of the PERT/CPM approach often contain options for
considering uncertainty in activity times as well as activity
timé—-cost tradeoffs .



Before starting the case studi's , let us discuss the
algorithm and solve at least one 2xample :

The Activity~On-Arrow Approach

With An Activity-On—-A'row approach , the project is drown
as a network in which ‘he arrows represent activities and
the nodes are the events or time points at which the last
of the incoming activities ends and the outgoing activities
can begin . For example ,

IT activities A and 8 can both begin only after all of three
activities §1 , G2 , and 53 are complete , the Activity-On-Arrow
( or the Arrow Nu:iwork ) can be represented as follows :

tode 4 represents the event that all of the activities
»1 , 82 , and S3 have been completed ; and the activities
A nd B can start . !



The solution ALGORITHM =

The basic problem concerns of finding

-~ The ES ( Earliest Start ) and EF ( Earliest Finish )
time possible for each activity ,

-~ The LS ( Latest .Start ) and LF ( Latest Finish ) times
for each activity that would not delay the project as
a whole are also generated .

~ The critical activities ,

— the slack times , and

- The minimum duration of the project .

2. In Case of Probabilistic Activity Times :

With probaebili activity times , the mean and variance

ol e
for each activity are obtained as follows :

If
a : represents the estimate of the optimistic duration af
i activity i ,
- : represents the estimate of the most likely duration of
i activity 1 , and
b : represents the estimate of the pessimistic duration of

1 activity 1 .

'



then , the mean ( t ) and the standard deviation ( d ) are
i i
computed as follows :

This is a technical issue involving the precise probabilistic
meaning of a " pessimistic " or " optimistic " estimate , and
it is also an attempt to compensate in part for a tendency of
the algorithm to underestimate the variance of the project
duration .

The probabilistic critical path calculation is now performed
using the mean time for each activity , and the project mean and
variance are estimated as the sums of means and variances of
critical activities .

Project duration is assumed to be normally distributed with
these parameters .



Sample Problem 1 :

The following table represents the activities , with their
required precedence and the estimated times ( 1n weeks )
that each activity will take , of one project ( each of
these activities 1s itself a more or less complex project ,
but as a first pass —— management wishes to evaluate the
undertaking without further refinement ) .

Predecessors
Act. code Tame sl s e s e e e e
pred 1 pred 2 pred 3 pred 4 .

e i B
Act 2 £

Act 3 = Act 2

Act & - 3 Act 1 Act 3

Act S ' 3 Act 1

Act & s Ack S

Act 7 £ Act 1 Act 2

Act B &4 At 7

Act 9 S Act &4 Act & Act B

Actl0 2 Act 7

a: NPROB_O1.DAT




The Activity—-0On-Arrow Approach :

This Approach requires that an Arrow Network to be prepared as
a first step .

The following figure represents the Arrow Network for this
example :




The Corresponding Activity-On-Arrow Table :

Act
de
d3
Act
Act

Act

B

Q

Actlo

Actll

Actle

Acti3

Act.

Nodes

APROB_01.DAT

{-—= dummy

Ess dummy

{——= dummy

activity

activity

activity
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Notice that :

You can see that it was necessary to add 3 dummy activities :
il Srad g, andid3ta

Having numbered the Nodes , we need only give the Start and
End nodes of each activity to specify precedence .

All activities must be entered including dummy activitigs.which
should be assigned zero time . Thus , the number of activities
has been increased accordingly .

The Events must be numbered left—to—-right " ; i.8., ®ach
activity's End node must have a larger number than its Start
node . This is to assure the absence of loops in the network

and avoids any need to check for loops .

The computer input data and output results will be shown

in the following pages .



A1

DETAILED PROBLEM DATA LISTING FOR
Prblem 01 Arrow Network

ROW LABEL SYMBOL MEAN TIME START NODE END NODE
ACT 1 AO1 e 1 e
ACT = AOR 3. 1 =
ACT 3 AO3 0. e 4
ACT G AL 3. 2 &
ACT o] AOS 0. = 7
ACT & A0& 0. 3 4
ACT 7 AO7 5. G 7
ACT 8 AOB 3. 4 )
ACT 9 AOF & S B8
ACT 10 A10 e = 9
ACT S ald All D & 8
ACTE - 12 . Al2 3 7 8
ACT 13 AlL3 v 1] 7



A

Prblem 01 Arrow Network
ACTIVITY LIST REPORT

Activity Earliest Earliest Latest Latest

Name Symb Start Finish Start Finish Slack
ACT 1 AO1 0.00 6.00 0.00 6.00 0.00
ACT 2 A2 0.00 3.00 3.00 - 4400 3.00
ACT 81 AO3 6.00 6.00 700 7.00 1.00
ACT & A4 6.00 9.00 6£.00 2.00 0.00
ACT 3 A0S 6.00 6.00 11..00 15 PRS0 )e) 5.00
ACT & ATOT2) 3.00 3.00 7.00 T 4,00
ACT 7 AO7 3.0 8.00 6.00 11060 3.00
ACT 8 AO8 6£.00 2.00 7.00 10.00 15200
ACT Q A0Y 2.00 13.0C 10.00 14.00 1.00
AET <10 AlLO 2.00 11.0¢ 15.00 1175 ) 8) &.00
AT 1] All 2 .00 14.00 2.00 14 .00 0.00
GETEE Ale 8.00 11.00 11.00 14.00 3.00
ABE D13 £13 14 .00 17400 14 .00 1700 0.00

Earliest project completion time = 17.00000



rblem 01 Arrow Network : Bar chart
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05 i i el R S T gl ol ot !
fi i | HEHKRHHIARKKE A w e e w e e i
09 i NXKKHEUHRMEKKKKERHAK o v nw |
10 I T VY LY [TV V- B A s TN E o R e~ I SIS



14

Case study No 1 :

B octeber 1, t879 == itha Government of NEPAL decided to
finance the Waling Lift Irrigation Project ( WLIPN ) =2long the
lines proposed in the feasibility study prepared by the Agri-
cultural Projects Service Centre ( APSC ). The project consists

of a lift irrigation infrastructure network , covering 45 ha. in
the waling area --- see the figure , integrated with ajricultural
development activities j 1.e., improved seeds , fertilizers ,

pesticides , credit , training and extension .
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Waling Lift Irrigation Project Diagram :
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It is essential for the irrigation system to be completed by the
beginning of november 1980 to enable the farmers to make use of
irrigation during the dry period starting from'the winter wheat
crop . '

The project has been broken into 3 main sub-projects of
activities : :

1. Final design and equipment ordering ( Act A,

2. Tendering , purchasing , and preparation of project location
( Act B ) , and

3. Construction of irrigation infrastructure ( Act C ) .

For each of these groups , a list of all the activities with their
estimates of time involved . All of these information are given
in the following table : '

e e e e e S o o e e e o e e 2 A . B S S Vo S W e S S T e o o = Y . T~ . T o s . S (AL S P o S A A N R S S 5 S5 S S == T

#
S.No. |Code Activity Name Time|MP|Predecessors
A Final Design and Equipment
Ordering :
1 Al detailed field survey and
preparing plans. 3 -
a2 A2 final design of irrigation 4 Al
scheme works.
3 A3 obtain quantities from motors 6 -—
and pumps.
4 A4 obtain quantities for HDP pipes| 6 -
3 AS obtain quantities from Cl pipes| 3 - '
b6 Ab prep. of detailed estimates. 3 A2,A3,A4,AS
7 A7 approval of design & estimates.| 8 Ab
8 AB order water pumps & motors. 1 A7
9 A9 order HDP pipes. 1 A7
10 A10}| order CI pipes. 1 A7
11 All] delivery of water pumps & 26 A8
motor to location.
1e Al2| delivery of HDP pipes to loc. 8 A9
13 A13| delivery of CI pipes to loc. 2 Al0

——-— to be continued -———-——=-T—-TTTT
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———=~ table continuation ——————=—77777

B Tendency , Purchasing , and
Preparation of Project Location
14 Bl prep. of tender documents and 3 Ab
drawings.
15 B call tenders for construction Ly a7 ., Bl
16 B3 assess tenders. 4% B2
17 B4 sign contract. 1 B3
18 BS contractor mobilization. 2 B4
19 B& purchase proj. locations far & Bl , A7
pumping stations , ..- etc.
20 B7 clearing and leveling of pump-— 3 Tef iBa =5 Bb
ing station location.
=it B8 leveling of water distribution.f B & BS , Bé
E Construction of irrigatin Infra.
ce C1 construct pump house & quarters| 19 B7
23 E2 install water pumps 3 & cl % All
24 €3 prep. ground for laying rising = o B8
main and suction pipelines.
25 TR lay pipelines and supports. 3 8 £33, AL3
2é By connect CI pipes to water pumps 1 3 ca , C&
2% Cé construct distribution box. 2 & Al2
28 E7 construct dist. & drainsge sSyS. 16 |24| Ale
29 c8 construct crossing structure. 4 ) Al2
30 E9 test functioning of the Sys. 1 2 €5, 06,075 C8

% this column has been added in this paper which 1is very essential

mentioned reference at the beginning of this paper .
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The Activity—-0n-Arrow Network
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List of Project Activities For Computer Purposes :

Act .Nodes ¥*
S.No.|-—-—-—|—-———|Time|Code |MP |Predecessors
i J

1 1 o o Al -

= 1 3 & AL -

3 1 4 3 AS -

& 1 =] 1) A3 =

S 2 5 4 A2 Al

& 3 3] o} dil

7 &4 a o) d2 ‘

8 5 6 3 Ab A2 ,A3,A4,AD
e ) 7 8 A7 AL

10 =) 8 3 Bl Ab

11 7 8 0 d3

e 7 9 i A9 A7

15 7 10 1 AB A7

14 £7 11 1 A10 A7

15 B8 12 & Bé& a7

16 8 13 & B2 A7,B1

17 4 22 8 AlZ A

18 10 20 26 ALl AB

19 i1 i8 2 Al3 ALO

20 12 16 0] d&

21 13 14 4 B3 B2

22 14 18 1 B4 B3

23 15 16 2 BS B4

24 16 17 2 B8 |2 BS,Bb6

el 16 19 3 B7 |10| BS5,Béb&.

26 17 1B 2 C3 |4 B8

27 i8 24 3 C4 |B C3,a13

28 gy 20 15 B 1 o B =17

29 20 21 3 ce |4 Cil,Al1l

30 21 26 1 EBa 13 c2,C4

| ee 24 & Ch |6 Al2

32 ee 23 1 C7 |24| Ale

33 2e 29 16 cg o Al2

34 23 26 0] d9

25 24 26 0 dé

36 25 26 0O d7

Ehy 26 = 1 B9 2} E5,Eb,E7,CB

a: AWALIP.DAT

# only the first 4 columns are needed as input data for the
computer pragram: ( Activity-0On-Arrow Approach ).



ROW LABEL

ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
AcCT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT

-
CcCOHoNOCUOFLBRN-

VR R T RS 1 O B 1S 1 I e e o S S S S S o
NJoabPwWD=e, O 00N UOLS WO

28
=
30
Lql
el
33
34
35
36

B7

DETAILED PROBLEM DATA LISTING FOR

SYMBOL

" A0l
A0
A0S
A03
a02
do1
doa
AL
AQ7
BO1
DO3
AOY
AOB
Al0
BO&
BO2
Aale
a1t
A13
dO4
BO3
BO4
BOS
BOS
BO7
Co3
Cou
cot
coa
CoS
Cob
CO7
cos
dos
dob
d07
Co9

MEAN TIME START NODE

VOO NNNNC UL W= - -

END NODE

SJooNoc U, LN



ihe output Results :

Seno: i J dur . EStime EFtime LStime LFtime e =
1 1 2 3.0 0.0 3.0 0.0 IR0 0.0 C
2 1 3 6.0 2.0 6.0 120 Zie O 1.0
3 1 4 3.0 0.0 3.9 4.0 7 ©) 4.0
&4 1 5 6.0 Do O &.0 120 2.9 1.0
s 2 =l 4.0 3.9 P ) 213l 8) e G 0.0 e
& 3 =5 0.0 6.0 6.0 750 750 HiSSLE)
it B =) Q.0 30 2.0 7.0 i/ 50 4,0
8 =) & £ 7.0 10.0 7.0 10.0 0.0 E
A1 6 7, 8.0 10.0 1i8.0 10.0 186G 0.0 C
10 b B8 3.0 10.0 1,0 15.0 8.0 s 0]
1ol i 8 0.0 18.0 18.0 180 18.0 0.0 C
12 77 9 156 i8.0 19.0 256.0 2%7.0 8.0
13 T 10 1 @ 18.0 19 .0 20.0 iAo o ar)
14 7 5 0 § 1 G 18.0 192.0 44,0 45.0 26.0
& g i 6.0 18.90 24 .0 23.0 29.0 5.0
16 8 13 4.0 1i8.0 22.0 18.0 22.0 %0 B
17 Q 22 8.0 19.0 27.0 27.0 35.0 8.0
18 10 20 2&6.0 19.0 45:0 21.0 47.0 2.0
19 11 18 2.0 ] e A8 ) 21 .0 45.0 47.0 26.0
- 152 14 0.0 24 .0 24 .0 29.0 29.0 i@
21 13 14 4.0 28 .0 26.0 22.0 26.0 0.0 C
=i 14 15 (e 26.0 270 26.0 27.0 G & =z
ey 15 16 iAo 27 .0 £22.0 £7.0 22.0 0.0 C
24 16 17 2.0 29.0 1.0 43.0 45.0 14.0
23 16 19 3.0 29 .0 3.0 29.0 32,0 0.0 c
24 4 18 2.0 31 .0 33.0 45.0 47.0 14.0
7, 18 21 3.0 33.0 36.0 47.0 S0.0 14.0
=i 19 20 15, O 32.0 4770 32.0 37 e ) 0.0 e
2 20 21 3.0 47.0 50.0 §72.0 S0.0 Q.0 [
J 21 26 1.6 50.0 51 Q@ 50.0 5150 0.0 =
I 22 = 2.0 R 6] 29.0 49.0 oo Lo ) 22.0
G2 22 23 1.0 27.0 £8.0 S0 0 g o] 23.0
33 2e 25 145.0 2750 43.0 35.0 510 8.0
! 23 26 0.0 £28.0 28.0 51..0 51.0 23.0
5 24 24 0.0 29 .0 29.0 oy ki o] 51.0 22,0
5 25 26 €0 43,0 43.0 510 S50 8.0
/ 2b 27 10 51.0 52 .0 S50 52.0 0.0 c
Jtal. progdect time = 5
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Waling Lift Irrigation Project : Bar chart
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Case study No 2 =

The Government of NEPAL decided to build a new modern Sawmill
in a Terai District ( see the diagram ) . It is essential to get
the mill into operation as quickly as possible because of the
Government's commitment to supply a foreign Investor with a large
portion of the output of the mill for a box factory to be built
adjacent to the sawmill .

The box plant is planned for completion in 12 months j the mill's
profits from sales to it are projected to be about RS 10 000 per

week .

To lay out the total project so as to insure against leaving the
job undone and so that APSC ( Agricultural Projects Service Centre
could see at a glance what has to be done next , APSC has to use

the Network Analysis Technigues .

The project has been broken down into three main groups of
activities :
1. Financing , design , and machinery ordering ( Act A ) [
2. Site purchase and preparation ( Act B )i, and

3. Construction of the Sawmill ¢ Act € ) .



};{UCTION BEEE LA STRCWEIGERL

24

- =

P

_—

=

e

— 5
b .,
x4

==

o | = =
AT YL

el A i PRt 8. 2 B

i
i
1y
'

s
s
N T
' Logs ..;n.r.: 7._ e : S0 ; -
5 =TS e S b l"'.‘ e "al. J
0 mm P —-E-lj“k‘ s e et TS i e
A o sk A AN (1 _% bagias
CASTENTL spnTAGET %

.\ - . e e - S———— S . =




119
o1y

ey
LY
A
=1V
=1v)
Htd

=)

ey
1Y

_______________ panutjuod a8g 03 ----—

atgea bButmor(o) 3uUl Ut ua
+ paiedalid osie SEM PaATOAUT BwWT3 3yji 40

o —

- 13suo0D [TIw 403 aoeajuod ubtg
“uotT3oONA

-a5uU0D [[I1w J04 SA3pUa3 1182
ubisap 111w T2UT} 4O squiadanid
-Aaqautydew 1E207 40 Alantiad

- Asautyoew ueadodny 10 Adantiad
s Alautyodew (F2307 340 1ap 10

- Asautydew ueadodni 10 aapaQ
~AlasTutlw 343 Ag uoii3edt
—j10ads Aaautyoeuw 10 (eaAocaddy
-uotaestjidads

Adautyoew pue quawdinbg (EUld
-ubisap 2y3 40 1eAo.ddy

“111W @u3 jo ubrsag

sqaafoad ayjl aJueurtt

03 Adsuabe ButduPuly WOLE SUB0]
ayz buitubrs pue uotperjobapn

¢ Bbutaapp

sautyosew g ¢ ubrsap ¢ DBurduruUl

patJiaed aq o3} =91 TATYDE 40 151 sys ¢ sdnoab asayl

ca

21y

{81 il
01v
&Y
8y
LY
i)

oy
Wy

EY
cv

v

apog

i
u

amd

ATH 342 UOT3EW.IO4UT 3S3U]
21BPWI3S3 3S8Q9 ayjz pUR 3INno

10 yoea 104




26

———- table continuation —-——-——=--""7"

"B Site purchase and preparation.
13 - B1 Locate suitable site for mill
construction. ‘ , 3 A3
14 B2 Negotiate and purchase site. 3 .| B1
15- B3 Survey and leveling of site. 1 B2
16 B4 Negotiate and order of arail- |- '
: way branch to the site. - 4 | B2
17 BS Order and installation of '
necessary services(water,elect. 12 | B2
18 Bé Construct railway branch. i2 B4
19 B? Clearing and grading of site. 2 A2 , B3
20 B8 Fencing property. -3 | B7
21 BY | Survey the foundation for mill.|-1 B7
22 B10o| Construction of roads and ,
parking lots. , . a2 1 B?7
c | construction of the sawmill.
23 CcCt Construct foundation of the :
‘three saws. ‘ : e - B9
24 ce "Construct'foundqtion for mill .
building. 2 B9
25 c3. | Let saw foundation dry. rising 3 C1
26 C4 Let mill build. foundation dry.{ 1 ce
27 CS Construct mill building struct-
' ure excluding exterior walls. 8 Ca
28 cé Install waste disposal system. 1 cS
29 c7 Erect exterior walls (after ,
waste disposal system in place)| 3 Cé
30 Ccs Connect outside services (elect :
ricity, water,..)previously o ,
ordered and installed. 3 Bs , C7
31 co Iinstall machinery(saws, convey-|
ors, and control boxes. . 3 A8 ,A? , C3
32 ci0| Set up machinery to make it , '
ready for operation. . 4 . B6,B8,B10,
, : | c8,C9

-——-————.-..—._.-_.._.-—_..—_-_-——_.———_———.._————-——_——————__-—.—————_———-_—

—— —— ———— T ———

—-—o——————————_-——_——_...__-—_.————————_—————_-—_——————..—--_————-————_-—_-

—..—-——-—_-————.-.--——-..——.—_—-—_———-—————.————.—_———--——.-—-..-——---—-——__

——————.—-——-——_.——-——-————————-——-——---.————-.v————-—c————--—
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The Activity-On—-Arvrow Network




e i - o T — T T " A " —— - S e T S T W — Thn G S W S o S S2S =

.-__-_.._._...-._——.-—.—-_.—-—._.—._._-__._—-—_—__.—-——......._-——..._,—:

—— i ——

Nodes

3

o:nqbégcnktum

10
10 -

25
12
26
13
14
15
26
24
19
(=3}

18
20
20
20
26
a2
23
24
25
26
27

Act.
S.No |-———-
i
1 1
e e
3 3
& 3
S 4
& S
7 S
8 b
9 7
10. '8
11 9
i2 Q
13 Q
14 10
15 11
16 12
17 12
18 12
19 13
20 14
21 . 15
22 15
23 16
24 16
29 17
26 18
27 19
28 20
29 21
30 - 22
. 31 23
32 24
33 25
34 26

I T S RERE A A S )
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Act1v1t1es For Computer purposes :

-——-————---——_———-—..—.—_——_——-——————-—-——-*-—.———————‘——————-——

- e wn | e e e e | o e

rPHWFO R WWON = ~=~NRNOO =W

* we need only the

input da

ta. -

(W
o

n

>

Al10

All
B2
Al2
B3
B4
BS.
B7
“BS
BB
B10
BY
di
da
c1
ce
AL
A7
AB
A9
c3
c9
Ca
Ccs
cé
c7 |
ce
c10

first 4 columns for the purposes
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o — — . — — O o -

Al
Ae
A2
A4
A3
A3
A10
B1
All
B2
B2
B2
Ale
B4

B7 .

B7

- B7

B9
B?
AS
AS
Ab
a7
C1
A8,
ce.
C4
. CH
Cé
BS

1

B3

A9,C3

9

B7

96,310,38,

c8

co

of computer



DETAILED PROBLEM DATA LISTING FOR

ROW LABEL SYMBOL MEAN TIME START NODE END NODE
GET 21 A0 1 3. 1 a
AEMRSR aoe 12. 2 3
AET 1 3 A0 2. 3 &
atT 4 A03 1 . 3 5
BCIE S A0S 1% A 16
ACTC 6 10 i 5 &
BT AT BO1 3. o 7
ACT 8 All 2. 6 B8
AET " 9 BOR = 7 9
ACT 10 ale 178 8 10
aET 11 BO3 1% @ 10
ACT 12 BO4 2 G 11
ACT 13 BOS 12. 9 25
GET 14 BO7 2. 10 12
AET 15 BOS 12. 11 2b
ACT 16 BO8 < 1 12 13
1 0 e B10O . 2. 12 14
86T 18 BO9 e 12 15
ACIE 49 doti 0. 13 26
ACT 20 dog s 0y 14 2é
AET 21 GOl &5 15 1Y
ACT 22 co2 2. 19 2l
ACT 23 - A0bL i 16 17
ACT 24 AO7 - 16 18
ACT 25 A0B 24 . 1% 20
ACT 26 A0S w% 8. 18 20
acCT 27 Co3 3. 19 a0
ACT 28 Co9 3. 20 2b
ACT 29 COo4 128 21 ee
ACT 30 COS g, ee 2d
ACT 31 COb fia 23 24
ACT 32 CO7 3. 24 a5
ACT 33 cos o a9 e2é

ACT 34 Ci0 4. 2bé 27



The ocutput Results : lﬂ/

S<no. i J dur. EStime EFtime LStime LFtime T.F.
1 1 2 JeO 0.0 3.0 (G160 3.0 (9116 &
= 2 3 1220 3510 15%0 3.0 15,0 0.0 &
3 3 4 2.0 15,0 Gl 190 115759 0.0 (B
4 & ) i | 15,0 15.0 TS0 18.0 2t
3 &4 16 1.9 1520 18.0 TR0 18.0 Q20 (B
6 5 | 1) 150 16.0 170 2150 220 520
7 5 7 354 1 & 19.0 18.0 =ah i) 2
B8 b 8 2.0 15500 19.0 22.0 24.0 S0
o 7. Q 2.0 (i) 22.0 2100 24 .0 (=i 0)
10 =] 10 1.0 19.0 20.0 24.0 25.0 Sue
11 9 10 126 et 23.0 24.0 25.0 (= 0!
I 7 1=l 4.0 22.0 26.0 30.:0 34.0 8.0
13 Q 29 12.0 2.0 34.0 BlI50 43.0 D56
14 10 12 2.0 23.0 29,0 2020 27.0 2.0
i) 11 26 12,0 256.0 38.0 34.0 446.0 8.0
16 4= 13 3.0 29.0 28.0 43.0 46.0 18.0
17 12 14 2.0 25,0 20 " 44,0 46.0 19.0
18 12 tm 1.0 2940 26.0 27.0 28.0 2.0
L 13 2b 0.0 28.0 28.0 446.0 4465.0 18.0
=t 14 26 0.0 27.0 =374e00) 44.0 46.0 1956
2 1S 19 2.0 26.0 28.0 38.0 40.0 12.0
2e 15 21 2.0 26.0 28.0 28.0 30.0 2.0
23 16 17 1.0 1k 2iAe, 19,0 18.0 19.0 0.0 3
24 16 18 1.0 18.0 19.0 34.0 39,0 16.0
2% 17 20 264.0 12.0 43.0 190 43.0 0.0 5
26 18 20 8.0 19,0 270 ‘B, O 43.0 16.0
iF 19 20 &) 28.0 31.0 40.0 43.0 12.0
28 20 26 3.0 43.0 46.0 43.0 46.0 0.0 @
29 21 ot 0] 28.0 2%9.0 30.0 31.0 2.0
30 2 a3 8.0 272 .0 F7L0 S1.0 S50 20
31 23 24 150 37.0 38.0 32.0 40.0 2.0
32 24 29 3.0 38.0 41.0 40.0 43.0 1 0)
33 =29 2&6 ] S 41.0 44,0 43.0 46,0 ]
34 2é =7 4.0 446 .0 H50.0 446.0 500 0.0 1
total project time = 50

. means Critical Activity . « .



30

Case Study No 3 :

The purpose of this case study is to provide an example of
the applicability of Network Work Analysis Techniques to the
planning of area ( Sub-regional ) development programme

Background Information :

At the request of NEPAL Government , an integrated programme
for the economic development of the area existing over a few hill
and Terai Destricts . The programme represents aone strategic means
of implementing the Government's overall development policy based
on geographical integration , on export promotion in agricul tural
and agro-industrial sectors and on employment creation while moving
families from the densely hills to the Terai .

The project is designed to :

1. To encourage extensive paddy and food cultivations by providing
appropriate incentive schemes and credit facilities .

2. To encourage agro-industrial manufacturing ¢( mainly byproducts
of refining sugar . milling sy cice and processing other
agricultural products ) through the establishment of a paddy
and a sugar cane industrial estate .

Heavy reliance is placed on the private sector to develop small
scale agricultural holdings and industries , with the Government
providing mainly , land , essential infrastructures , social
amenities , and fiscal incentives as inducement .
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The various essential projects composing the programme have
been grouped into the following main sub-programme. :
i. Infrastructure ,
2. Settlement ,
3. Agriculture , and
4, Agro—industry .

For each of the above group , the projects to be carried out have
been listed and the expected time for their execution has been

estimated .
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Integrated Area Development Programmes —-— Network
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DETAILED PROBLEM DATA LISTING FOR
Integrated Area Development Programme

ROW LABEL SYMBOL MEAN TIME START NODE END NODE
ACT 1 1 Tedc 1 =
ACT 2 12 &. A 3
ACT & S7 24 . = &
ACT 4 All 12. 2 7
ACT b 13 24 . 3 4
ACT & IS5 18. 3 5
ACT 7 4 12 4 =
ACT 8 59 24 . o 7
ACT 7 AT1S 24. 5 8
ACT 10 16 24. 3 9
ACT 11 S8 36. & 7
ACT 12 510 24 . 7 F
agey 19 Ale 18. 7 10
AET 14 di 0. 8 7
AET 1D Al3 24. o 10
AET 16 . Als 24 . 9 11
HETF: 17 All7 12. 10 1 7=

11 T

ACT 18 Allé 1'e .



Activity
Name
ACT 1
ACT 2
ACT 3
ACT 3
ACT =
ACT &
ACT 7
ACT 8
ACT g
AETT LG
AET . 1L
eT 12
ACT 13
ACT 14
AET" " 15
AET. 146
Ak R
AET I8

Symb

1

Ticd
57
All
E3
i
I4
=
AIlS
1&
S8
510
Alz
dl
Al13
AlsL
AIl7
Alls

Integrated Area Development Programme
ACTIVITY LIST REPORT

Earliest
Start

0.00
12.00
12.00
12209
18.00
18.00
42.00
34 .00
94 .00
54.00
36.00
78.00
78.00
78.00

102.00
102.00
126.00
126.00

Earliest
Finish

i2.00
18.00
36.00
24 .00
42.00
36.00
34.00
78.00
78.00
78.00
72.00
102.00
24&£.00
78.00
125.00
126.00
138.00
138.00

Latest
Start

0.00
12.00
18.00
66.00
18.00
36.00
42 .00
94 .00
78.00
78.00
42.00
78.00

108.00
102.00
102.00
102.00
126 .00
124.00

Earliest project completion time = 138.00000

Latest
Finish

12.00
18.00
42 .00
78.00
42.00
54.00
54.00
78.00
102.00
102.00
74 YNals;
102.00
126.00
102.00
126.00
126.00
138.00
138.00

Slack

0.00
0.00
&.00
54 .00
0.00
18.00
0.00
0.00
24.00
24 .00
6.00
0.00
30.00
24 .00
0.00
0.00
0.00
0.00

nnnn
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Integrated Area Development Programme : Bar chart
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Appendlx i

In the following pages , there are a Flow-chart and a
computer program written in BASIC programming language

for the Activity-On—Arrow Approach .
This program has been tested on the IBM PC computer .

Ew’
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70
80
F0
100

110

150
160
170
180
190
200
210
220
£30
240
2350
260
270
280
290
300
310
311
St
213
3l4a
330
L340
350
360
370
380
390
400
410
420
430
440
430
460

43

REM G s a
BEM % v o PERT/TIME Program, ssyssesssssss

REM Dr. Abdalla El-daoushy
REM

WIDTH tlptls” s 130

DEFINT I-N

OPTION BASE 1

DIM SYMBOL$(150) , IAC1B0) , JjA(150) , DUR(1S0) , ES(150) , LS(150)
BIES

INPUT "No. of activities = " NA

PRINT

BEM a e e o sn aivin m i areisin

FOR I=1 TO NA

1A(I)=0

JA(I)=0

ES(1)=0

LS(I)=0

DUR(1I)=0

NEXT 1

Ki=1

K2=2 e

PRINT "Enter Symbol(3 chs) o g Ao Rk of every act in the project
. o e e T
FOR I=1 TO NA

PRINT USING "### "3I13

INPUT SYMBDL$(I),IA(I),JQ(I),DUR(I)

NEXT I

EZIES

GOSUB 2040

PRINT

INPUT "Press Any Key And ENTER To Continue. ™ 3 SPCACES

ELS

PRINT "The ocutput Results :
PRINT Mo —ssm— s — e — s = !

B TNE. forr b s e e e e T e
PRINT " S.no. g J dur . EStime EFtime LSt ime  LEtime TaE
RTINS o e R b e ey i S e e ST T
REM calculations of ES times

FOR I=1 TO NA

IF JA(I) <> K2 THEN 460

Ki=1

K3=IA(I)

T=ES(K3)+DUR(I)

1E. ESiK2) >= T THEN 460

ES(K2)1=T

NEXT 1

7]
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L7 B 2 e R R e PO A £ T e e T T e T RO
480 IF Ki = 0 THEN 540 :
490 K2=K2+1

500 K1=0

910 ES(K2)=0

920 681U 320

330 REM calculations of LS times

540 Ka=Kg-2

950 Ni1=K2+1

560 LS(N1I)=ES(N1)

570 LS KB ysINSINT )

380 -FOR I=1 TO NA:

590 IF IA(I) <> K2 THEN &40

600 K3=JA(I1)

510 T=L5(K31=DUR{ I.)

620 IF LS(Ka2) <= T THEN &40

630 LS(K2)=T

640 NEXT 1

650 REM A T S T Y SR £ R errT O
660 IF K2 <= 1 THEN 700

670 K2=Ke2-1

680 GOTO S70

620 REM final results

700 FOR I=1 TO NA

710 11=IA(C(1)

720 J1=JA(1)

730 EF=ES(I1)+DUR(I)

740 LE=L S CTFL Y —=DHRGT )

ZO0FFSES 0TI Y=EF

ZHOVTE LSS ESOTL ) ST HENEG 00

Zae RS E R G S E RSN T R B RSO0

780 X=LS5(J1)~-LS{T1)-DURC(CI)

7905 TE% <> 0 THEN-200

80O REM S e e et N ) LT etk h e e
B10 REM

820 REM

830 Fle="### HHH  HHH HH# . H# HH#H . # HHH.H $#4 . # HES.H HEH .
850 PRINT USING Fl$;I;IACI);JACI);DURCI);ES(IN);EF;LF;LS(J1);F
860 GOTO 930

870 REM

BB0O REM

820 REM :

P00 F2%="4H## HHH  HEH HH#H . # HHH.H #HE . H# HHHFLH HHEH.# HHEH . H"

210 PRINT USING FE$;I;IQ(I);JQ(I);DUR(I);ES(II);EF;LF;LS(JI);F
920-REM
230 NEXT I
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40 REM

250 REM

70 PRINT Mo e e e e e e e e e e e e e e e e e e e e e e ;
280 PRINT " total project time = "j; ES(NI1)

290 PRINT Y=—rm—emmmm e e e e e e e e e e e e e e e e e
Q10 PRINT: " % -“meaps Eritical Activity » 5%

1020 GOTO 2150

2040 X = " H#HH & HHEHE. HEHE H#EE
2050 PRINT " DETAILED PROBLEM DATA LISTING FOR "

2060 PRINT " " 3 PROBNAMES$ ' max. 32 characters..

QRO PREIMT ROW LABEL SYMBOL MEAN TIME START NODE END NODE

2080 PRINT

2090

2100 FOR I = 1 TO NA

2110 ACT$ = “ACT" ;

2120 PRINT USING X%; ACT$ ;3 I 3 SYMBOL$( I ) 3 DURC I ) ;3 IAC I ) 3 JAC I
2130 NEXT I

2140 RETURN

2150 END



REM s s :
BEM 2ot vssssPERT/ATIME -prograMesas apsenaness

REM Dr. Abdalla El-daoushy

REM

WIDTH “lptl:",132

DEFINT I-N

OPT10N BASE 1

DIM SYMBOLS(150) , IAC150) , JA(150) , DUR(130) , ES(150) , LS(150)
CLS

JINPUT “"No. of activities = "; NA

PRINT

REM: & atais acess s s

FOR I=1 TO NA

14(1)=0

JalI)=0

ES(I1)=0

LS(1)=0

DURC(I)=0

NEXT I

Ki=1

Ke=2 ;

PRINT “Enter Symbol(3 chs) ,i , J & t of every act in the project
EreoioNC MG e oo S i s e St s o e R
FOR I=1 TO NA

"

O PRINT USING "### "3;1;

INPUT SYMBDL$(1),IQ(I),jﬁﬁl),DUR(I>

NEXT I

ELS

GOSUB 2040

PRINT

INPUT "Press Any Key And ENTER To Continue " ; SPCACE®
ELS

L PRINT "The output Results :"

ERPRINT t=a———————m=—m=ame L

e e e e T e
LPRINT " S.no. i i1 dur. EStime EFtime LStime LFtime A T
e s S e S R e i
REM calculations of ES times

FOR I=1 TO NA

IE JAatl) <> Ke THEN 4580
Ki1l=1

K3=IA(1)
T=ES(K3)+DUR(I)

IF ES(k2) >= T THEN 460
ES(K2)=T

NEXT 1
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480
490
500
S10
220
230
540
5350
560
570
580
390
500
6510
620
630
640
650
660
670
&80
670
700
710
720
730
740
730
760
770
780
790
8090
810
820
830
850
8460
870
880
890
F00
@10
920
230

BEME - casie sisiett e as te s e e e R e AR 1S) 18] e
IF KI = 0 THEN 540

K2=Ke+1

K1=0

ES(K2)=0

GOTO 390

REM calculations of LS times
Ke=Ke-2

Ni1=K2+1

LS(N1)=ES(N1)

LS(K2)=LS(N1)

FOR I=1 TO NA

IF IA(I) <> K2 THEN 640
K3=JA(I)

T=LS(K3)-DUR(I)

IF LS(K2) <= T THEN &40

LS(K2)=T

NEXT I

REM o e e e e I Wa e S ali e v SAN G
IF K2 <= 1 THEN 700

Ke=Ka-1

GOTO S70

REM final results

FOR I=1 TO NA

11=1A(1)

J1=JACD)

EF=ES(I1)+DUR(I)

LF=LS(J1)=-DUR(I)

F=LS(J1)-EF -
IF LS(J1) <> ES(J1) THEN 900

IF LS(I1) <» ES{I1) THEN 200
X=LS(J1)-LS(I1)=DUR(I)

IE- X .<> © THEN F00

REM B e R v aea R T

REM

REM

Fle="H##4 HE#  HHEHE BH#H H{H . # L H#

LPRINT USING F1$;I;IA(I);JQ(I);DUR(I);ES(II);

GOTO 930

REM

REM

REM

Fes="### Hi#H  HEH HEH.H HHH . H HHE.H

LPRINT USING FE$;I;IQ(1);3&(1):DUR(I);ES(II);
REM
NEXT I

47

FHH . H HuH . #
EF3LF3LS(J1);F

$H#.# $H4 . H
EFsLF;LS(J1)5F

HitH . #

HHH.HY

~
(o
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940 REM

T e PR S ot et SR (T SR T e NG R AR
e PR e e e e e M e e e e

980 LPRINT " total project time = "j; ES(NI)

OBty RBRINT e e b R R S e S e e e
1010 LPRINT " +* means Critical Activity . . -

1020 GOTO 2150

2040 X$ = ¢ 844 8 8 B, g
2050 LPRINT DETAILED PROBLEM DATA LISTING FOR
2060 LPRINT * " s PROBNAME® ' max. 32 characters..
2070 LPRINT " ROW LABEL SYMBOL MEAN TIME START NODE ~ END NODE

2080 LPRINT

2090

2100 FOR I = 1 TO NA

2110 ACTS = "ACT"

2120 LPRINT USING X$; ACT$ ; I ; SYMBOLSC I ) 5 DURC I ) ; IAC T ) 5 JAC 1)
2130 NEXT I

2140 RETURN

2150 END

i
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