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Introduction : 2
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In agricultural Planning , the PROJECT may be defined as
a major undertaking made up of many tasks or ACTIVITIES.

The activities are 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 s 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 technlques .

Usually , there are three factors influencing Project
management decisions :

i, Time ,
ii, Available resources , and

iii, Cost .

i1, If we have only one limited supply resource ( named TIME )
and sufficient other production resources ( such as ma?erlals s
equipment , persommel , . . . 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 SFAPK or FLOAT
time is there : i.e., how long can the activity be held up
( or kept back ) without delaying the project ?
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Before starting the case studi s , let us discuss the
algorithm and solve at least aone 2xample :

The Activity-On-Arrow Approach

With fAn Activity-On—-A"row approach , the project is drown
23 a network in which ‘he arrows regpresent activities and
the nodes are the events or time points at which the last
of the inceming activities ends and the outgoing activities
Ctsn begin . For example ,

[T activities A and I can both begin only after all of three
activities 51 , 52 . and 53 are complete , the Activity-0On-Arrow
{ or the Arrow N:iwork )} can be represented as follows :

rode 4 represents the event thet all of the activities
-1, 82 , and 53 have been completed ; and the activities
A nd B can start .
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The solution ALGORITHM 3
1. In Case of Deterministic Activity Times :
The basic problem concerns of finding :
— The ES ( Earliest Start ) and EF ( Earliest Finish
time possible for each activity |
— The LS { lLatest 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 , aund
- The minimum ducration of the project .
2. In Case of Probabilistic Activity Times :
Wiih probabilistic activity times , the mean and wvarlancd
or each activity are obtained as Tallaows :
1 AL
=) : represents the estimate of the aoptimistic duratiocn of
i activity 1 ,
m : represents the estimate af the most likely duration of
1 activity i , and
) : represents the estimate of the pegssimistic duration of
i activity 1 .



» the mean ( t ) and the standard deviatiocn ( d ) are
i i
computed as follows :

then

fu
+
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Hint

This is a technical issue involwving the precise probebilistic
meaning of a " pessimistic " or Y optimistic " estimate ; and
it 1s also an attempt to compensate in part for a tendency of

the algorithm to underestimate the varilance of the project
duration .

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

Froject duration is assumed to be normally distributed with
these parameters .
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Problem 1 =

hee following table represents the activities , with their
required precedence and the estimated times ( in weeks )
that each activity will take , of one project ( each of
Lhese activities 1s itseli a more or less complex praojec
but as a Tirst pass —-- management wishes to evaluate the
undertaking wilthout further refinement )
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The Activity-0On-Arrow Approach :

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

The following figure reprasents the Arrow Network
example :

prepared acs

for this




~0

| Act. Nodes
Acts Eade |[-o——f——=t=—=1 Tig&

i J
LT T oI
fct 2 1 3 3 i
i al C £t o) == dummy activity
Act 4 = & 3
e I 7 a {-—= dummy activity

a4 =) 4 | Q {——- dummy activity

Act 8 b et = | 3
| |

= i = =

fct 9 5 | 8 b

Ml I

€8]

fu



10

Notice that -

+ You can see that it was necessary to add 3 dummy activities :
o i R = = P e b | e s

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

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

The Events must be numbered L left~to=right " ; 1.8.; each
acttivity’'s End node must have a larger number than its Start
node . This is to assure the absence of loops in the netwark

and avoids any need to check for loops

The computer input data and output results will be shown
In the following pages .
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DETAILED FPROBLEM DATa LISTING FOR
Prblem 01 Arrow Network

ROW LABEL SYMBOL MEAN TIME START NODE END NODE
ACT 1 AO1 &, 1 =
ACT 2 Ao q, 1 3
acT 3 AO3 0. 2 A
acT A ADYL 3. 2 &
- o S A0S 0. 2 7
ACT & Yol 0. 3 4
aET Yol 5 3 7
ACT 8 o1z 3. A S
ACT =~ 9 A9 & . 5 B8
ACT 10 A10 2. 5 5
GET WY ALl 5. b &
aCT I a12 3, 7 8
ACT 13 A13 3. B <



Prbolem 01 Arrow Netwoark

ACTIVITY LIST REPORT

ICtivity Earliest Earliest Latest
Name Symb Start Finish Start
CT 1 A1 0.00 &.00 0.00
ACT 2 AC2 0.00 3.00 86|
ACT 3 AO3 4.00 6.00 7.00
ACT ¢ A04L &.00 Q.00 &.00
ACT 5 AOS &.C0 b.00 11.00
ET & AD& 3.00 3.00 7.00
aCT 7 Ao 3.C0 8.00 6. 00
acT B8 RO8 6,00 7.00 7.00
ACT ? A0 2.00 13.00 10.00
ACT 10 AlLO .00 11.00C 15.00
ACT . 11 A1l 9.0C 14.00 7 .00
A3CT 12 ~12 800 11.00 11.00
ACT 13 A13 14 .00 i7.00 14.00
Farliest project completion time = 17.00000

Latest
Finish

&.00
b .00
7.00
.00
11.00
7 .00
11.00
10.00
14 .00
17.00
14.00
14 .00
17.00

4L

Slack

0.00
3.00
1.00
0.00Q
3.00
4 .00
3.00
1.00
1.00
6 .00
0.00
3.00
0.00

n
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rblem 01 Arrow Network : Bar chart
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Case study No 1 :

On octaber 1 , 1979 --- the Government aof NEPAL decided to
finance the Waling Lift Irrigation Project ( WLIPN ) 2iong the
lines proposed in the feasibility study prepared by the Agri-
cultural Projecis Service Centre { APSC ). The prolject consists
of a 1ift irrigation infrastructure network , covering 45 ha. in
the waling area --- see the fTigure , integrated with ajricultural
development activities 3 i.e., improved seeds , fertilizers ,
pesticides , credit , training and extension
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Waling Lift Irrigation Project Diagrem
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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 weach 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 : ‘

S T e o T e o o = ot i v o 2 =t s S s S Tt . . = — - ————— —— ————— ———— ——— —— —— — T ——— —— — ———— S ———————

*
S.No. [Code Activity Name Time|MP|Predecessors
A Final Design and Equipment
Ordering :
1 Al detailed field survey and
preparing plans. 3 -
2 A2 final design of irrigatiaon 4 Al
scheme works.
3 A3 obtain quantities from motors 6 --
and pumps. «
4 A4 obtain quantities for HDP pipes| 6 -
=) AS obtain quantities from CIl pipes| 3 -
b6 Ab prep. of detailed estimates. 3 A2,A3,A4,AS
7 A7 approval of design & estimates.| 8 A6
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.
12 Al2| delivery of HDP pipes to loc. 8 A9
13 Al13| delivery of CI pipes to loc. 2 A10

—-——— to be continued ---——-———->—=———-—



—~—= table coptinuation —-——=———=-c———-

.
i | B Tendency , Purchasirng , and
l Freparation of Froygect Leocation
g 14 Bl prep. of tender documents and 3 AL
1 drawings.
 p i) Bz call tenders for construction 4 7y HI
; lé B3 assess tenders. 4 B2
il B4 slgn contract. i B3
( 18 BS conkractor mobillization. = B4
| 19 ] Bb purchase proj. locations for & B1 , A7
5 pumping stations , ... etc.

20 ~ B7 clearing and leveling of pump- 3 101 "B , Ba
[ ! ing station locatiun.
; 21 [ B8y leveling of water distribution.] & & BS , Bé&
E C Constructicn of irrigatin Infra.
0= IR S s T I eSO 2% ]
[ 2 Cl canstruct pump house & quarters| 15 B7

23 5 install water pumps oL & i O = e 1 i
| 24 c3 prep. around for laving rising & & B8
! main and suction pipelines.
icis C4 lay pipelines and supports. 3 8 C3 , AL3
% 26 | C5 connect CI pipes to water pumps| | 3 ce , Ca
i mar Cé canstruct distribution box. = & Al
| 28 cC7 construct dist. & drainsge sys. 16 |24] Alg

25 ce construct crossing structure. 4 o) Al !
| 30 Cco test functioning of the sys. 1 z [ T ol T g e - g

# this column has been added in this paper which is very essential

mentloned reference at the beginning of this paper .

T R e e e s . AR i o S i B i S P S i R e R S i S s S i) e R R b o e e B i A b, AP o S i
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The Activity-On—-Arrow Network
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List of Project Activities For Computer Purposes :

=, OO0 WBSO PO Wr W

~
-

o

a1}

o~

— OO O, UUr=W~OWMLDU= £ O D

Al
AL
AS
A3
A2
dl
de
Ab
A7
Bl
d3
A9

ALO

o

i

D“?D‘EQ-DH*EDDHHJ

A2,A3,A4 ,AS
AL
AL

a7

A7

A7

A7
A7,B1
A

Ag
AlO

BZ

B3

B4
B3.Bé
BS,B&.
B8
C3,A13
B7

e =
cCa,C4
Ale
Alz
AlE

Cs5,Cs,C7,C8

s
kg

Act.Nodes
e T B
i 3
1 1 <
2 1 3
3 | i &
4 i 3
5 2 o]
& 3 5
7 & g
(=] B &
2 b 7
10 6 B8
14 7 8
1z 7 9
13 7 10
14 7 il
15 | 8 12
16 B 13
¥ g 2a
18 10 20
i9 1 18
20 12 16
=il 13 14
a2 14 TS
i 15 l1&
24 i1é6 17
23 o k= 19
SE e R
27 18 21
28 19 20
29 20 21
a0 21 26
31 2R 24
32 22 23
33 22 25
24 23 26
39 24 F=i]
36 25 246
27 2& 27
AWALIP.DAT

only the firsg

4 columns are needed as
Activity—=Dn—-Arrow Approach ).

computer program: ¢

input data for

the
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ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
aCT
ALT
ACT
ACT
ACT
AT
ACT
ACT
ACT
ACT
ACT
ACT

LABEL

10
11
iz
13
14
15
146
17
18
19
20

syl

|

n
By

(SR NRI
L)

M i
o

MJ

W= O 0m~

Whwwwhni
=l

W ww
~ o U

DETAILED PROBLEM DATA LISTING FOR

SYMBGL

AO1

AL
ACS
A03
A02
do1l
dog
A&
AQ7
BO1

DO3
A0S
AOB
ALQ
BO&
BO2
alg
Al1

A13
dO4
BOZ3
BO4
805
BHOB
BO7
cCo3
Co4a
Co1
Cos
Coa
CO7
Co8
dQs
dib
Q7
Ccog

MEAN TIME START NODE

2

OO, =, 0 DWOO LW W

whwhwnpnmn=—- & &

15.

I

£
146.
0.
0.

._.
ONDDODNNNNTTFNFWN = o=

14

16
16
17
1.8
19
20
=
2
ec
e
23
24
25

24

END NODE

NVooNocooUot s W



output Results :

10 J dur EStime EFtime LStim EFEime T,E
i 1 2 F.:0 0.0 F 0 0.0 3.0 0.0 L
i g 6.0 .0 5.0 1.0 7.0 1.0
i & J-0 0.0 3.0 4.0 el 4.0
i & 6.0 Q.0 &.0 1.0 7.0 1.0
3 E 5 4.0 S0 7.0 3.0 7.0 0.0 E
> 3 2 .0 6.0 6.0 ) Tl 1.0
] o 0.0 Gl g 7.0 7 ) 4.0
5 & 2500 P20 10.0 Tk 10.0 C.0 £
o] 7 B 1iG.0 18.0 10.0 18.0Q 0.0 C
& 8 3.0 T @ 130 15.0 18.0 D
4 a 0.0 18.0 18.0 18.0 18.0 0.0 £
7 4 1.0 18.C 19.0 265.0 27.0 B.0
i 10 i ) 1B8.0 19.0 20.0 2l )
7 11 i.0 18.0 1?2.0 44 .0 45,0 26.0
1 8 L2 &£.0 16.0 24 .0 230 29.0 5.0
a2 13 4.0 ig.o el a i) 18.0 22.0 0.0 C
9 ed 8.0 i AL 27.0 27.0 33.0 B.0
E 10 20 26.0 192.0 45.0 = 47 .0 2.0
- 959 iB 2.0 13 a0 ) 5.0 47.0 26.0
= 146 Q.0 24 .0 24.0 2550 29.0 3 )
il | P 4,0 2z2.0 26.0 20 26 .0 0.0 &
14 15 §i570 256.0 AT ) 26.0 EZal) 0.0 C
| s 14 el 0 7.0 25 .0 270 2] G e =
1& i7 a0 9.0 31 .0 43 .0 49.0 14.0
14 15 2 ) el ] 32.0 G.0 32.0 0.0 L
{Kiid 18 Sl 31.0 33.0 435.0 47 .0 1¢.0
13 24 3.0 33.0 B0 47.0 30.0 14.0
19 20 {1&550 3& .0 47 .0 32.0 47 .0 0.0 5
= e 21 3.0 47.0 20.0 47.0 30.0 0.0 =
21 2b8 1.0 50.0 F54 -0 S0.0 by (L 0.0 C
i = o 2.0 27.0 23,0 09 .0 S1.0 22 .0
22 = 1B 2750 2816 5040 5.0 23.0
e 25 16.9 27.0 43.0 3550 bt T D B.0
2he 24 0.0 28.0 iz B, L0 TP 23.0
ch b Q.0 250 £292.0 P a0 S Q S
b 26 0.0 43.0 44.0 H5l.4 i B ) 8.0
cb 27 L 1.0 52 .0 51.0 52 .0 0.0 By
tal project time = o2

means Critical Activity . . .
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Waling Lift Irrigation Project : Bar chart
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Case %tudy No 2

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

The box plant is planned for completion in 12 months 3 the mil!l
profits from sales to 1t 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 ta use

the Network Analysis Techniques

The project has been broken down into three main groups of
activities :
1. Financing , design . and machinery ordering ( Act A )
2. Si1te purchase and preparation ( Act B ) , and

Construction of the Sawmill ( Act T ) .

05}
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---- table continuation -————=——————-
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. A 1 B2
16 B4 Negotiate and order of a rail- | .
: way branch to the site. - 4 | B2
17 BS Order and installation of ‘
necessary services(water,elect.| 12 | | B2
18 Bé Construct railway branch. 12 B4
19 B7 Clearing and grading of site. e .Al2 , B3
20 BB | Fencing property. -3 | B?7
21 B? | Survey the foundation for mill.|-1 B7
22 B10| Construction of roads and - :
parking lots. _ . a | B7
C . Construction of the sawmill.
23 C1 Construct foundation of the :
“three saws. ' : 2 B9
24 ce Construct foundation for mill . 1
building. 2 1. B9
25 C3 Let saw foundation dry. rising 3 C1
26 C4 t.et mill build. foundation dry.| 1 ce
27 CS | Construct mill building struct-
' ure excluding exterior walls. 8 C4
28 co Install waste disposal system. 1 csS
29 c7 Erect exterior walls (after .
waste disposal system in place)| 3 Cé
30 c8e Connect outside services (elect . :
ricity, water,..)previously N ,
ordered and installed. 3 BS , C7
31 co Install machinery(saws, convey-|
ors, and control boxes. . 3 AB ,A? , C3
32 C10| Set up machinery to make it
ready for operation. 4 B&,B8,B10,
, ~ c8,C9

e — - — —— — ——— — ——— ———— — — — —— " S T ———— — — — — —— ————————— — — ——— — - — — —— —————

—— e s s . ey e s e S

—— — — - ——————— —————————, ———— ——— ——— — —— —————— —— T —— —— ——— — ——— —— ————— ———————— -

- — — —— ——— ————— — _—— . —— — ———— Y e T —— —— ———— T — T i — —— — - ——— ————— O v w—

e — ———— t— — - —— —— — — P S T —— — — —— T —————— ———— — T ——— T ——— v ——, -~
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The Activity-On—Arrow Metwork
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~List Of Project Activities For Computer purposes :

s e e e = e = —_—— > —————————— — —— — ————— T~ — — — — — " =, o i o T

- . — —— ———— — — —— ————————— T~ ——— ———————— — ——— — -

Act .Nodes C*
S.No |-—=-=}|—-—=—|Time|Code |MP|{Predecessors
i 3 ; o .
1 1 2 3 Al ——
=3 2 3 12 A2 1 Al
3 3 4 2 A4 A2
4 3 ) 1 A3 | A2
S 4 16 | 1 AS | A4
&6 S - 1 A10 A3
7 5 7 3 B1 : A3
8 b 8 2 ‘All Al0
9 7 9 3 - B2 B1
10. '8 10 1 Alz All
11 Q 10 - 1 B3 B2
ie Q 11 ]| 4 B4 B2
13 9 25 ie BS. B2
14 10 12 2 B7 Al2 , B3
15 11 | 26 | 12 |'BS | | B4 ‘
16 12 13 3 B8 ' B7
17 12 14 2- B10O B7
18 12 15 1 B9 | B7
19 13 26 (o] dl :
20 14 | 26 | © da :
21 15 19 2 . €1 . B9
22 19 21 e ce B?
23 16 | 17 1 AL v as
24 16 18 1 A7 AS
29 17 20 24 A8 AL
26 18 20 g A9 A7
27 19 20 3 c3 C1
28 20 26 | 3 co AB,A7?,C3
29 21 2e 1 Ca c2.
30 == 23 a8 cS i C4
31 23 24 | 1 cé . CS
32 24 295 3 C7 | Cé
33 25 26 3 c8 BS , B7
34 26 e7 4 Ci10 B&4,B10,B8,
ca , c9

e ——— S o S - _——— —— ———— — —— ——— — Y — " A v G —— o —

input data.-



ROW

ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
ACT
BAcT
ACT
ACT
ACT
ACT
ACT

Al

ACT
ACT
ACT
oY
ACT

i_ABEL

L .0

~
Ly

o

[ ]
ot R R AR

o

—
]

14

ke

e !
2g
30
ad
32
33
34

DETAILED PROBLEM

SYMBOL

A0l
Aoe
AOL
HO3
A0S
A10
BO1

All

BO2
Al2
BO3
BO4
BOS
BO7
BOS
BOB
B10O
BOY
a0l

go2
col

coe
A0s
~AO7
AOB
AOY
Co3
cCo9
CO4
Cah
CO6H
co7
cos
C10

DATA LISTING FOR

MEAN TIME START NODE

e
1
i
i
2 i

&

—

H o
=~ O =N WRKRUVDE ==L W-

L o0 UU S WWI—

20
21
{=
23
24
25

26

END NODE

oD ~NrcocuF W

‘\J

9



"he output Results 2.9
0. N0 1 ) dur. EStime EFtime LStime LFtime T.F
] L &2 B, G0 3.0 0.0 2 B 0.0 (i
= c = 12.0 2.0 15.0 3.0 Ak, 0.0 G
3 3 4 2.0 5.0 L 5t0) 150 17.0 C.0 £
2! 3 5 1.0 L5 0 16.0 17ag) 18.0 2.0
a & 14 1.0 1D 8.0 17.0 18.0 0.0 (B
& | & 1 U] 16.0 170 SRR, 2.0 5.0
g I 7 3.0 16.0  Er a0, 18.0 P M ) 2.0
& & & 2.0 I'7 <0 19,0 2E LY 24 .0 5.0
= 7 9 O wl) 19.0 220 2 24.0 220
1O = 10 e, 19.0 20.0 24.0 et 5,0
i1 g 10 1.0 ErEgn AR 24.0 o0 )
e L i 4,0 22 .0 2& .0 30.0 34.0 8.0
! < r2da] 12.0 2RO 34.0 150 43,0 2.0
14 LG 12 2.0 T e 25.0 en iy o] 2.0
1E L] 26 12.0¢ 26 .0 38,0 34.0 U4b.0 8.0
ié = 13 2.0 25 .0 28.0 43.0 486 .0 18.@
17 iz 14 25 0 25.0 o 44,0 46.0 19 .G
g 12 15 kB D0 246.0 27.0 28.0 A
7 13 c2b G .0 28.0 28.0 446.0C 446.0 i8.0
) 14 26 0.0 27.0 &7 0 44.0 446.0 19.0
13 19 20 26.0 28.0 38.0 40.90 12.0
L 15 21 250 2610 28.0C £8.0 30.0 o
ie i e ig8.0 E o) 18.0 ) 0.0 =
1A 18 1.6 18.0 Y50 34.0 39.0 16.0
V7 20 244 .0 19.0 43.0 150 43.0 0.0 L.
== 18 20 B.0 i B0 27.0 35.0 43.0 16.0
; I:5d 20 =1 e 28.0C e () 0.0 43.0 12.0
242 20 2& 3.0 43.0 46.0 43.0 46,0 0.0 C
7 21 e 1.0 28.0 29.0 30.0 834.0 L)
O b 24 8.0 29.0 37.0 31 .0 2950 2.0
¢33 2t 1.0 37.0 38.0 2 i) 40 .0 2.0
! 24 29 3.0 8.0 41.0 40.0 43.0 2.0
3 &3 2é 3.0 41 .0 44,0 43,0 46 .0 2.0
b 2é 27 4,0 45 .0 240 446.0 290.0 0.0 e
ai projlject time = 30

means Critical Activity



Case Study No 3 :

The purpose of this case study is to provide an example of
the uppllr’b111ty of Network Work Analysis Techniques to the
planming of “ea ( Sub-reglional )} development programme

Background Information :
#t the request of NEPAL Govermment , an integrated programme

for the economic development of the area existing over a few hill
and Terai Destricts . The programme represents ocne strategic means
of 1mpiementing the Government's overall development policy beased
on geographical integration , on export promotiomn in agricul tural
and agro-industrial sectors and on employment creation while moving
famillies from the densely hills to the Terai .

The project 15 designed to :

1. Ta encourage extensive paddy and food cultivations by providing
appropriate incentive schemes and tredit facilities .

2. To encourage agro-—-industrial manufacturing {( mainly Dbyproducts
of refining sugar , milling , rice , and processing other
agricultural products ) through the establishment of a paddy
and a sugar cane industrial estate .

Heavy reliance 1s placed on the private sector to develop small
scale agricultural holdings and industries , with the Gaovernment
praoviding mainly , land , essential infrastructures , social

amenities , and Tiscal incentives as 1nducement .
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The vari1ous essential projects composing the programme have
been grouped inta the following main sub-programme :

L. Infrastructure .
2. Settlement ,
d. Agriculture , and

4. Agro-lngustry .

the projects ta be carried out have

For each of the above group ,
time for their execution has been

hoen ligsved and the expecied

b1

estimacted .
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DETAILED PROBLEM DATA LISTING FOR
Integrated Area Development Programma

ROW LABEL SYMBOL MEAN TIME START NODE END NODE
L i 1 (L 1 =
ACT = I b. e e
ACT = 87 24 . 2 &
aCT 4 All Eel (=) 7
ACT 3 13 24 . 3 4
ACT & I5 18. 3 =]
ACT ¥ 4 { s 4 fu
ACT 8 5% 24 . = 7
ACT g ATLS 24 . 3 8
ACT 10 Ié6 2% . g3 T
ACT 11 S8 a6. & 7
ACT 12 510 2 . 7 &
ACT 13 AlZ2 168. 7 10
ACT 14 di 0. 8 &2
ACT 13 Al3 24 . 9 10
ACT 16 AlL 24 . ? i1
ACT 17 Al17 Tl 10 i2
ACT 18 ALlS Ttz 11 12



Activity

5]

-y

0t

i e B B e I T [ e [ e |

5B 8 o B W

T Tl M

1 0)

Symb

D) e
4

o= we—~Jn
e
u

W =~ DU e

10

el
—
n

adl
Al3

PN 4
LSS

ATL7
ALls

Integrated Area Development Programme

Earliest

Start

0.00
12.00
12.00
B 5 16 ]
18.00
18.00
42 .60
34 .00
94 .00
54,00
36 .00
78.00
78.00
78.00

102.00
102.00
126 .00
126.00

project completion time =

ACTIVITY LIST REPORT
Earliest Latest
Finish Start
12.00 0.00
18.00 1.2 O
36.00 18.00
24 .00 &6 .00
42,00 18.00
36.00 346 .00
54.00 42 .00
79.00 54.00
78.00 78.00
78.00 78 .00
72 .00 42 .00
102.00 78.00
25.00 108.00
78.00 102.00
124.00 102.00
124.00 102.00
13B8.00 126.00
138.00 126.00
138 .00000

Latest
Finish

12.0C
18.00
42.00
78.00
42 .00
54 . 00
54 .00
78.00
102.00
102.00
78.00
102.00
1246.00
102.00
124,00
126.00
138.00
138.00

Slack

0.0C
€.00
&H.00
oS4 . 00
0.00
18.00
0.00
0©.0Q0
24.00
24 .00
&6.00
.00
30.00
24 .00
0.0G
0.00
0.00
0.00

n N

nnnn



Integrated Area Development Programme : Bar chart
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0 135,
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Append: x

In the following pages , there are a Flow-chart and a
computer program written in BRSIC programming language
for the Activity—-On-Arrow Approach
This program has been tested on the IBM PLC computer

B
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K1= k241
KAz o
Es(ls) =z e

L,

Y

i = 'ﬁ‘._z.-'z.‘
N KL+1
Le(n) = BS(N)

v

Lelke) = La (M)

1E(s) = K2 7
Y

<3 = Te(<)
“T= Ls{kE3)~-DLL)

H 4
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EFz ES(ESE(L)) o D<)
LF 2 Ls(Teld)) = pr4)
TFz Ls (TEW)) — EF

-
(s (e 14)= B (TECeD) Dyl
‘ ¥

{Le (l?f;{-t'}_,).: ES(IE 1’])3-__'_4.9.__
¥ = 72
| x = Ls(ge¢) ~La(zedé)) —Des)

= S

g X=o? \L i i

a0

LE(L) ,36(<) , D<), ES(XECA)) , EF,LE "
sLe(Je(er) 5 TF , {Crchvcal ma)

TE(C) , JECC) . (), BS{SELS)) , BFR, LF
| S LSEYEC<y) s TR (Mori. eav'dbrcal )




10

3¢
G40
20
&HO
70
g0
Q0

150
[ &50
170
iBgo
190
200
210
220
230
i
=80
260
270
80
290
300
SE0
L
312
=213
GRS
330
340
350
2460
7o
380
90
4Go
410
420
430
440
430
460

The computer pragram ( output on screen only

RELT S i

BEM: ey s s PE R AT E e G QR 2w, 0w o mom & s
REM Dr. Abdalla El-daoushy

REM

iH

!

WIDTH "1ptls® 136
DEFINT I-M
0PTI10MN BASE )

DIM SYMBOL$(15C) , IACIS0) , JA(LS0) , DURC1ID0)Y , ES(130) , LS(1350»
ElL&

INFUT "No. of activities = ": NA

CPRINT

T e onm o m s el ey A

FOR I=1 70O NA

IACL)=0

JA(T)y=0

ES({I11=0

LS(I)=0

DUR(1Y=0

NEXT I

Ki=1

KeE=2 )

PRINT "Enter Symbol(3 chs) i, 3 , & t of every act in the project
REENT e et o e o e i e i e s o e e e e s E R e ke — e
FOR I=1 TG NA

PRINT USING “#&# ":1:

INPUT GYMBOL$(1),IACI),JACI)Y ,DURCY)

NMEXT I

EIES

GAOsSUB 2040

PRINT

INPUT "Press Any Key And ENTER To Continue " ; SRCACES

ZL&

PFRINT "The output Results :
PREINT Mo e i e

e L T e e e

FRINT " S.no. 1 J dur . EStime EFtime LStime LFtime 7

PRIN‘I‘ B o i s e e ey e e e i i e i P i i, i . i e e e e £ i g i e . S ek | S i e T e e S e i e e e . vt B e, i e e

REM calculations of ES times
FOR 1I=1 TO NA

IF JACI)Y <> KB THEN 440

Kl=1

K3=I1A(I)

T=ES(K3)+DURC(1)

1IF ES{KE)Y >= T THEN 460
ES(KE2)=T

NEXT I



4770
GEHO
490
300
510
220
5390
540
o 1)
D60
570
380
S90
&H00
SH10
620
&30
6540
&S50
&ELHO
&70
aBo
G0
TGO
710
720
730
WALLS.
a1 g
750
770
780
730
B0O0O
810
820

830

B50
B&0O
B70
B8O
820
200
P10
220
230

2 R S M e S e e g R

[ K1 = 0 THEN 540

K2=K2+ 1

K1=0

ES(KE2)=0

GOTO 370

REM calculations of LS times
K2=Ka-p

Ni=K2+]

LSINL)=ES(N1)

LE(KZ2)=LS{N1)

FOUR I=1 TO MA

IF IACTI) <> K2 THEN &40
K3=JA(T)

T=LS(K3)-DUR(I)

IF LS(KkZ) <= T THEN &40
LS{K2)=T

NMEXT 1

) S e e A e R el e e
IF K2 <= 1 THEN 700

KZ=K2-1

GOTO 570

REM final results

FOR I=1 TO NA

T1=1A(1)

J1=JA(I)

EF=ES(T11)+DURC(I}
LF=LS(J1)=-DUR(L)

i L B

IF LS(J1) <> ES(J1) THEN 200
IF LS(I1)y <> EB(I1) THEN F0D
X={.8¢J1}—-LS(I1)~DUR{I)

IF X <» O THEN 200

REM i ML . el B T M caihar Bl 4 L
REM

REM

Fles="H#H#% HHH  guH HiH . H

Hi# . H

Hiw.H

HaEd.H

Hu#d &

PRINT USING F1$3;I;IACI)3JACI);DURCII;ES(IL);EF;LF3LS(I1) ;F

GOTO 930

REM

REM

REM .
FEas="4### HHEH  HUH HES .

HHEE.H

fHHE.

Hit# . H#

H#H . #

PRINT USING F2$;I;I1AC1);JACI);DUR(I);ES(I1);EF;LF;LS(I1);F

REM
NEXT 1

HEH . 8

HEH. 8"



240
250
F70
80
P30
1010
1020
c04Q
2030
20460
2070
Z0B0O
2090
2100
2110
2120
2130
2140
2150

REM
REM
PRINT Mmmmm e e e e e e
PRINT " taotal project time = *; ES(NI1)
PRINT e e e e e e e e e e e e e e e e e e

PRINT " ¥ means Critical Activity . .

GOTA 2150

X5 = " &Hi#H & HHH . HE

PRINT » DETAILED PROBLEM DATA LISTING FOR "
PRINT “ " ;3 PROBNAME®$ " max. 3J2 characters..

PRINT " ROW LABEL SYMBOL MEAN TIME START NODE END MNODE
PRINT

1 TO NA

]

FOR I
ACTS = “ACT" ;

PRINT USING X%; ACT$ ; 1 ; SYMBOL:( I ) ; DURC I ) ; TAC I ) ; JAK
NEXT I

RETURN

END



The Computer Program ( Output on Printer Only ) :

F e i m S S e R
o3 = ) O Sl S PERTA TEME 06 0 i pea =2 s 5 Sy w58 8
30 REM Dr. Abdaila El-daoushy

40 REM
20 WIDTH "lIlptl:",132
650 DEFINT I-N
7O OPTI0ON BASE |
B0 DIM S¥MBDLES (IS0N<12 1A01T00 ~ o« JALIE0) , DURCISDY o ESH150) , LB8L1507
0 OLLS
100G "INPUT "No. of activities = ":; N&
110 PRINT
O b P e e e L
160 FGR I=1 TO NA
170 1A(IY=0
180 Jadl)=0
DOESCIY=0
3 LS(Ti=0
DUR(I)=0

n

250 PRINT "Enter Symb&li3d chs) ,1 4 § 5 & t of every dct in the pgroisct
T _________________________
270 FOR I=1 TO NA
280 PRINT USING “"### ool FIC
270 INPUT SYMBOL$S(I1)Y,IA(I),JAC1),DURCI)
3I0C NEXT I
Q CLS
311 GOSUB RPO4G
L2312 BPRINT
12 INRPUT "Press Any Key And ENTER To Centinue " 3 SPCACES

CLS

LPRINT "The cutput Results :"

LPRINT Mmoo mmm oo ¥
el tn gt = s o W N St S TS S R S s B R L . I SHIE S O TS SN S T L
F50 LPRINT " S.no. i i dur . EStime EFtime LStime LFtime T.F.
S LPRENT M e e e o e e e e e e e e e i ety i i S S e
380 REM calculations of ES times

350 FOR I=1 TO NA
400 IF JA(I) <> K2 THEN 460
410 K1=1

T=ES(K3)+DURC(I)
“a0 IF ES(K2) >= T THEN 440
430 ES(K2)=T
60 NEXT I
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R e R e e o vt o 9 PV B R o om i
480 IF Ki = 0 THEN 540
490 KE=K2+1
500 Ki1=0
S10 ES(K2)=0
520 GOTO 390
30 REM calculations of LS times
540 K2=K2-2
530 Nl=K2+1
560 LS(N1I)=ES(NI1)
570 LS(K2)=L5(N1)
S80 FOR I=1 TO NA
390 IF IA(I) <> K2 THEN 640
600 K3=JA(1)
610 T=LS(K3)-DUR(I)
620 IF LS(K2) <= T THEN &40
630 LS(K2)=T
640 NEXT 1
G REME i Ce s e e R R R N R
660 IF KE2_<= 1 THEWM 700
&£70 K2=K2-1
&80 GOTO 570
&£F70 REM final results
700 FOR I=1 TO NA
710 It1=1A(I)
720 Ji=JA(l)
730 EF=ES{I1)+DUR(I)
740 LF=LS(J1)~-DUR(I)
750 F=LS(J1)-EF
760 IF LS(J1) <> ES(J1) THEN 900
FIOUIF LSOILY < EB(TL) THEM 290
780 X=LS(J1)-LS(I1)-DUR(I)
790 IF X <> O THEN 200
HUMRREN: | o ¢ ey demimmonts e 88 G 865 g
B10O REM
B20 REM
830 Fls="### RH#  HHY HH#H . H HHH L H HEH . # #uH . # HaH . # HiH. 4
850 LPRINT USING F1s;I1;IAC(I);JACTI)sDURCI)IES(IL) ;EF;LF;LS(TJ1)5F
860 GOTO 930
870 REM
830 REM
B0 REM
P00 FRs="### Hdy  HHH HH4 .8 g H HitH . H HHH . # HHE.H
910 LPRINT USING F2%;1;IA¢123JACI);DURIIIJES(I1);EFsLF;L5(J1)3F
920 REM
930 NEXT I

Hi#E .4



940
GO0
P70
%80
QIO
1G1O
(RN g B
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130

2150

48

REM

RE M

Bl ore s p e e e e R e L T e e el W e e e e TR e L e
LPRINT " total project time = "j; ES(NI)

L R R e e e e e R e e e N e e e o
LERIMT, * # ‘means Dritical Acbivity o .

GATS 2130

X o= o B4 4 8 & . Ty ST
LPRINT * DETAILED PROBLEM DATA LISTING FOR *

LPRINT " “ ; PROBNAMES$ ' max. 32 characters..
LEPRINT & ROW LABEL SYMBOL. MEAN TIME START NODE END NODE

LPRINT

FOR I = 1 TO NA
ACTS = “"ACT"

LPRINT USING X$; ACT$ ; I ; SYMBOL$( I ) ; DURC I ) 3 IAC 1 ) ;3 JAC 1 )
NEXT 1

RE TURN

END
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