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" APTER 3

Y HAMIC PROGHRAMMING MODELS FOR JOB ASSIGNMENT, CHITICAL PATH LENTH

a4t FARM FLARNING
rcTION 1 3 THE JOB A3 IGNMRENT PROBLEM
R | INTROGUCTION

Ths assignsent problen is just a specisl cass of the transportation
:roblem,; but becsuse of ite simple strusture it can be solved more efficiently
2y 1ts own solution procedure. The problam 1s to determine how the assign-
sants should be maie in order to minimize the total coat, given that sach
i the n Jjobs (tasks) eun be performed by any one of n wmen (persona)

:ni the cogt of job J belng mecomplished by person 1 1is 045 It 1is
q1:9-4308Ty that sach job must be purformed and that each person must be
iwi1lgned to one and only one job. It can be seen thut the mathematieal
“orsuleation of the transportation problem reduces to the sssignment problia

shen man, ag =1 for all 1 and bJsl. for all j.

Variations of this probclem, both mathematiocal und non-mathematical,
have heen known since a long time, However, Flood [41,_7,, Votaw and
“rden / 89_7 and others developed this problem with the help of linear
urograscing teshnioue during early 1950 s. Dantaig [26_7 and von
Houmsnn / 75_7 have discusead the gomputational advantages gained oy -
s nsldering this problem in combinstion with the dusl linear prograsaing

teahnique. Kuhn / 38_7 has developed a computationally efi'icient method



using this duslity and this method im known as Hungarien method for the
sz3igneent problea. The prasent study treats & general class of asaignment
problem using dynamie programming teshnique., Soms modifications to the
sarticular case when the number of jobs are not squal to the number of
nersons have also been given, However, simultansously, in an articls,
iaxeena [ a3 _7 has given dymamie programming approach to t his problea

shan (1) the number or jobs are squal to the number of persons, and (1i)
ths number of persons (m) are less than the nusber of jobs avallable (n)
inl the ratio n/a is an integer., We ehall not make this assumption in

wr development of the prosedure.
1, o2  MATHEMATICAL FORMULATION

To formulate the agsigrmert problem in the mathematical programming

te-ney lot us define the metivity wvarilable, X34 » a8

1 if job J is perfarmed by the 1'D person,

xu = (5.1}
0 othervise

N 1 = 1. *sap Dy ﬂlﬂj = 1' seep N ‘u‘l l.t Ou be the But ‘

~31omplishing the Jth Job by gtb person. Then the optimisation model i

o) n
minimise ) 7 o4y X (s.2)
>in'1 J=1 e
i jeet to
)
o ox,, 3 1 121, ecap
g1 '
5 (5.3)
. X =z 1 J = 1, eea n 5a
1=1 u ] [ 4 »

xu=00'rl for all 1 and
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It we apply tho usual transportation technique to obtain the
+attial solution, then we ean find that the solution so obtmined 1a
;azanerate, This will alwvays be the case in the assignment problem

rmardlass of the method ussd to obtain the initial basis and moreover,
+n+ golution will continue to be degensrate at every iteration. Thus, the
‘» (anaracy teshaique should be used with the transportation technique

nitl)l the optimal solution is obtained,

Howaver, the special strueture of the assignment prablem helps to
1+ & more convinient asthod of solution, Une such method is bused on
"= {dea that the optimal solution remains the same if a aonstant is
.1ied (or subtraeted) to any row or column of the cost mstrix. This
arthod of solution i1a known as the Hugearian method developed by Kuhn [' 53_7
~u3ed on a proot, by & Hungarian mathematisian, Egervary / 38_7, for a

‘inear graph thaores of Konlg ['5?_7.
o 1e3  DYNAMIC PROGRAMMING APPHOACH

The assignment problea ean also be solved by the fumstional equation
wioroach of dynasic programming / 11/, We shall, iaitially, consiiwr the
» Jab, n person problem and them genuralise the approach to ipclude all

~wysile cases,

Consider the assignment problea in whioch n Jobs are to be

v rlormed by any of the n persons so that each job is perforwed and thet

ssoh person must be assigned to one and only one job., Given the ocost, 140
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W accomplishing the j"h Job by the ith perason, 1t i1s necesssery to find
10 optinal order of assignment 30 as to gomplete all the jobs at &
s{ lmam copt.
Let us det'ine
£{n} = the minimum cost for a p~job, n-person assignmeut problem,
the assignment being made using an optimal polioy,

"h=2n, using the principle of optimality, we have

£(n) min {01’“ *f(n-l)} (5.4)
J
h
f{o}) = 0 (5.5)

aing (5.4) and (5.5) we ean obtain the solution for the aasiznment problem.
i et HOMERICAL EXAMPLE

To 1llustrate the dynemio programming appromsh to the assignment
axisl, ooneider the problem with four jobs und four persons. The coat
.si0ciated with assigning the 1% parsom to the J'B job is given in

‘aihle 5. 1e The problem is to find an optimnl assigmment policy.

Table 5,1. Cost matrix.

JOb 33
Paraon 1 2 3 4 .
4
|
1 i 1 8 4 1
2 L5 7 6 5
| 3 9 5 4 2 i
§ | 2 1 6 3T
1 |




etatdon 4

(1) = 2, = 1

£(1,2)

|
\ £(1,3)
' £(1,4)
e £(2,3,
g £{2,4)

|

£(3,4)

£(1,2,3,

£(1,2,4)

£(2,3,4)

i
f
\

") = 3 £(1,2,3,4) = min [’,‘4. £(1,2,3), egqr £(1,2,4), oy ¢ £(1,3,4),

swree the solution ia

a

mon/1+%, 5¢8 /=8
min /1 +5 %3¢8 /=86
min /1 +1,3+87 = 2
mn /5 ¢+ 5 3«7 7a 10
mn/5+1,3+7 /=2 8
min/8+1,3¢5 /= 4

ain [oget £(1,2), 0,9e 71,3}, o 4+ £(2,3) 7

ll‘ln [-408. 6’6’ “10-] = 12

mn [0 00 £(1,2), egq¢ £(1,4), 0,4+ £(2,4) 7
mMn [6+8, 842, 4487 = B

w'n [agqe £(1,3), oy £(1,4)) 0,4 £(3,4)7

nin l-soé, 42, 401;7 = @8

mn [agys £(243), 0490 £(2,4), 055+ £(3,4) 7

= sin /[ 6+10, 448, Ged_/ = 10

S14" f(!!,3,4l.;_7

=z uin [3#12,2?8, 5+¢8, 1#10_7;1:: 10

sgnign porson 1 to Jjab 1

pers

on

2 to Job 8



person 3 to job 4

person 4 to job 2
i1 the total miaimum cost 1s 10 units,
4a Lo SOME FUATHTIR HESULTS

Sometimes, thers are situations where either the available men (m}
¢ 1 greater than the uvailable jobs (n) or the available meon are less than
‘r 4 avallable jobs. 1In such a situntion some modifieations to the earlier

- -.roach 1p nesded,

Lot us consider the cese when the numbor of persons (m) avallsble
~r» more thas the numbar of jobs {n), 1.0., m > n , however, mn/n need not

+41 un integer. The following assumptions are asde to analyse the problem ;

il; no job ia to be alloted to more than one person, and
{11, «ll jobs are to be mssigned to different persons.
anly e” be the coat of job J being porformed by parson 1, 1 = 1,..., % }

2 1y eenp 0o I1n thin ounse, we have a rectangular matrix af ocder wm x n
rmsreeenting the cost of seaomplishing the n jobs by m porsons. The
Ti~st step now 1s to convert this matrix into @ square matrix by introdu=
2192 (men) dumsy jobs. Since there is no cost ussoclated ror the

scnoaplishmant of thess duamy jobs, ths earresponding °1J"' are all sero,

This reducas the problsa to ussign = wmen to =a Jobs so thar the
.u+al eost of accompliovhment of the jobe is minimum, We oan now au.ply the

nrooadure daveloped in mceetion 5.1.3. The solution obtained in this case
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111 indicate that (m-n) persons are not ussigned to aay joba.

Gimilarly, if the number of persons(m) are lesa than ths nuaber af
~v+41able jobs (n), then we introduce (n~a) dummy persons with assooiuted
ar o soate. The goluiion obtainad in this ceee will indicute that (n-m)
;g are not sccomplished. However, if n/m = . s an integer (if not,

.7t roduce (n=m) durvy jobs so that n'/m = ' is an integer, where
zn+ (nemj)y ua in [ 83/, we ean obtair u sulutlon 30 that ull the
atw ars sccoaplished. ( However, in this cass goma oi' the persons sre

-$4a% %0 « jobs, i.a., more thun ono job.’

There are situstions where 1t 1s necsssary to sasign siven men to
v 11able jobs 80 a3 to maximise the total ei.feotiveneas or tie totsl
iurne It is easily sasn that, with some modifications, the technique

- avaloand in seetlon 5.1.3. ean be used to solve this problom,



COTON 2 3 CRITICAL PATH LENTHS IN NETWOHK ANALYSIS

- .1 INTRODUCTION

Tha technique of P:iT is based on a simple concept called netwark

r i3, snd ueing this loglc any project can bo respresented in a pietorial

w1 ealled network. The network becomes the basis for project planning,

. 4oduling and follow-up / 54,59,74_7.

In the PIRT model wuch & network

‘1owed as representing & partial ordering of the many individual jobs

" togsther comprise sowe project, the partiul ordering is dus to the

soirement that all loward = pointing jobr et a mode must be finlahed

. ora any outward-polnting job at the node can be completad.

Drawing of- network and anpalysins it consiats of

Advvelopment of the project atructure, i,e., visualising and Ueting

s lil's-ant sctivities Lo be performed and the sequence in which they wrs to

cardorued,

i aonstruetion of the aotivity network representing the s<guence ami

~i+ tionsahipe of activitiee,

1t} determination and assignment of time estimates for activities,

s detsrmination of the sritical path, and

matching the plan with objectives and drawing schedules for sxeocution

setivities.

3uvaral authors have studied this problem of oritical puth unalysis.

« ~homy Churnes, et.,al, [23_7 have given an upprosch using chance conatrauined

~i stoshustic programaing tech:ique.

Vajda /67_7 bas ziven linear programming

g
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. roach %o this problem, Van Slyke's /88 7 approsch is bused on Monte
73 method, We shall uase the functional equation approech o dynamic
o ramaing to determine the oritical path length in a network. A computer

1'ramy 1n FOHTRAN, is developed to solve the numerical exumple considerad

PR Pi: SLIMINARIZS

The following terms which will be used very frequently in P:iRT

s aoiymsis are definod below i

4Ty This is an inexplicitly identifiable polnt in tiis at which socmething
«,z happened or & sltuation has oome into existance ard tho utuart coming inte
+1 +tance, There may bs some amount of work or operation involved in reach-
- un eyont but an event by itsalf tukes no time . An event shows only
sturtin: or end point of any activity. These are alao called nodes,

: .1 -stones, eta, ‘vents sre usually repreeented by circles.

TiVITY. This is clearly s definable task to wiich a known quantity af
i - rowsr and other resources have to be applied. 4n activity is repressnted
h arrow, the head of whioh 1s directed towards the succassor avent.

© -+ langth of the arrow do not speoify the magnitude of the activity,

my, 4 aumny 1s & dotted arrow which represents interrelationshiys but
taries uy time. Dummies are used for the completion of a logleo in a *

ratqork and is aleo used Lar bringing unique derinition of eotivities with

crrlagassar and succesasor avents.



“%e & network is & dlagrsm of a project plan., It consists & avents
w.: setivities. A network ususlly starts with the initiation of the project

-+ «iter many congecutive and simultanecus activities ends with the completion.

T°D TIME, Basloslly, the systeam involves estimating the ‘optialstic
* s’y the 'most likely times', and thc'pu.ainintle time’, end by muans of u

t-g4ls which is sore vamperical than soleatifls, producss an sxpucted time,

1.7 7 XPMCTID TIMY, The earliest expected tims of an evont 1s the
“Yiesat Lims or date by which that event oan take place. Thlas ls obviously
ta the sum of all the sotivity expeotsad times alony the longeat path
Cosding from the starting event up to the event in question. This time shows
i v bhat partisular event can be atarted after all the coastruining activi-

i+ lomding to that svent have baen completsd,

LAl PATHe Critloeal path ia the longest tize puth through s network
. iyl ropresents the leust time of sokieving the objective without
- shinge Thus, the eritical path identifies aativities which are crucial
©. the polnt af view ' the completion of the projeoct, 4ny delay or
siexolmy up ol those sotivities will affect the completion date of the
s eot, Hence the critical path is that sequence of activities which will

“s*sralne the total projact time,
. #.3  DIRECT METHOL FOic THZ DETHRMINATION OF CRITICAL FPATH

It is clear from the definition of aeritical path thai it is a path

-ty 2agh the network which represents the sarlicst time of coapletinz the



.« niect, Thus, we go through the network from the start to the finish of
{0 project by computing when earliest a particular event (i.s., a owrtain
v+l of sohievement »f the project) can be reachei from the start of the
i 3gte The earlieet that a certain event can be reachai from the starting
4. Lhe project is designated as earliest expected time for that svent {TE).
'n» loglo of the computation of the Ty valuse for svents in & notwork
- unierstood, then we find that the Tp for any event is tha longest time

+n aativity converging on that event,

However, when the technolgiocal relationships are mary and camplicated,
- wolution of the problem by direct method becomes tidious. In such a
t.atlon, the molution can be obtained by the functional equs'lon approach

. ynamic programming / 14,94_/.
2.4 UYNAMIC PHOGHAMMING APPROACH

The problem here is to determine the longest time path through the

W Ork usine the dypamic programming techanique. Let ua dat'ine

L{I) = the leagth of the time path through the network from

avent I to N, I =1, .ccp N=1, using un optims] policy.

imploying the principle of optimality, we see that L{I) satist'ies

#» racurrence relation given by

1(5) = max [St(I,7) + L)/ 5.8/
3

L{¥) = 0 (5.7
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-2 t(1,J) i3 the time required for the coapletion of aun activity which
" sunded by two events I and J. These events are referrad o as predessor

4 sugce. gor events for the activity,
dolution of equation (5.6) can be esrried out as follows ¢

Datine ( ( )
I) = t(I, K
“1 (5.8)
J,(1) = W, for a1l I
+a J{i) 41a the optimal path, and for o . 2 , the recurrence relation
") can be written ue
L(I) = -;x L w3 e, W) 7 (5.9)
The value of Ln(I) is caloulated until L (I) resains constant
ntil a = ¥=1, asluce the coovergence should take plasos with in K=1 wsteps.
a.ltaawously we note down the optimal path, Jn(I), for sach 1 wund for
'y value of n. In most of the cases, we can find that lﬁJI) remilos
»nsab tor n o Nels This value of L,(I) gives (for I = 1, since the
)i 3ot 1a Lo be started from event 1) the earliest time of completing the

3 w6t ond the gorrespondlng path through the network 1s the oritical path.

To solve a numsricsl problea, we shall prepare a table ior the values
t{I, J). For a dummy mctivity bounded by events I ana J, the vallus of
- J} i equal to sero., Since an event by itsell takes no time t{I,I,=0,
‘he technological relationship betwsen events I and J do not exist, we

<+ lashes agalnst the corresponding velues of t(I,J) indlcuting that it 1is
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-¢ ynamible to move from event 1 to svent J,

renirthy we use the following example.

“+v officiently be solved with the help of a computer,

¢ -ne tested and run on

rm of &« matrix of order N x N.
coiure of fz(I), fa(l), eto. with the help of equation (5.9).

40

This table will ba in the

This matrix 1is used to obtain the

%.% MNUMERIGCAL ZXAMPLE

To illustrate the iterative procedure for finding the critiecal path

However, a computer program, written

“ORTRAN language, ism given in Appendix so that the numerical examples
The program has

IBM 1620 computer systom attached to the Univarsity,

Consider the network given in Figure 3.1. The activity durations

i weaks), t(I, J), are given in Table 5.2,

N

S 9 _.\
’( } A N
O L
|

D (/
" - u ) A ’/;’\_

=t st e ! \Y -
S \" :

Fha. 5.1



Table 5.2, Aativity duratlions.

. ? 2 3 4 6 K & 8
D

1 2 3 4 - - - -
n 0 - - 6 - - -
2 ~ 0 0 - - 9 -
4 - - 0 - - > -
b - - - 4] 7 - -
5 - - - 0 4 - 4
V - - - - 0 0 6
fi - - - - - U 13
y - - - - - - 0

— |

siaz enuntlons (5.8) and (5.9), we cbtain the following result (Taole 5.3)

Table 35.3.

i 1 2 3 4 5 6 7 Y 9
;L(IJ - - - - - 4 6 13 o

7(1; - - - - - ] 9 9 9 )
:a(r) - 12 22 18 13 10 13 13 o
:{(r; - 8 5 7 7 8 9 .
(1) 2 20 29 18 20 17 13 13 0

AT 3 5 8 8 7 7 8 9 ;

;(t) 27 27 22 22 20 17 13 13 o

L Y 5 8 5 7 T 8 9 ® i
T 22 22 20 17 13 13 0 %

01 2 ) 4/8"* s 7 7 8 9 °
t 1) 29 27 22 22 20 17 13 13 9
i30T} 2 5 4/8"° 3 (4 7 8 9 9
‘ * indicates 'either - or!'



dince fé(I) = £¢([), for all I, we discontinue our calculation,
"wiy the eritiaal path ias
1 2 5 -»7T -8 -9

1 the eurlisst expected tinme is 29 weoeks.



S UIDH ' s DYNAMIC PROGRAMMING AND FARM PLANNING
© 11 INTRODUCTION

Furm planning demle with the appliecation of eaonomic principles to
++ orzsanization and operations 2f farms. In fars planning, the objective
*  hws oultivator is to saximise his net returas or fars businses 1lncome
;1 limited resources of land and capital (with a possible limitution om
o yr slac), Thus, it is necassary to detormine a best possivle combination

+ ~holew of alternative crops,

Buaseting and prograsming / 94,43,92_/ are the methods used to achiave
;i gbl]ective, Budgeting i1s s specific plan for the operation of the fam
vons soee perlod of tise. It takes into accoount a varleble produection
7 ram based upon the knowledge of the farm to be planned, its produstion
- -ibilities, the foaaibility of carrying out altermnate plans, eta. and
v regte improved policies to the cultivator, This is done by comparing
; axp-oted incoms of these alteroatives and selecting a policy which results
» o meXiwun return. There are several procedures involved in budgeting.
‘vtv are t (1) resording an inventary of resources, (ii) forming price
suncctations, (111) preparing a erop plan teking into consideration the
s lementary or the conpetetive sspect, (iv) sstimsting the yields, und
¢ saking & livestosk plan taking into socount the returns and the avalla-
;. tv ol land, labour and eapital, Hudgeting mey be partiul (for any

«+r .icular orop) or complete (taking the entire farm).



The recont development used ue 8 device to apecify an optimum
. ranisation of resdources and enterprices on farms and to augzest deairable
fem aljustments is the programming method [ 34,43, 53_7. These approaches
« - jased on linear programeing technique, We shall consider here the
s waate programming approach to this problem with the restrictions on the
~«-t1abiliity of land &and capital, However, the model oar be extended to
in-lada some more rostrietions to reflect actual farm conditions und to

s evin more realistic solution,
ot ATaZTTHMANT DF 01 PLOSGTLM

Lst us consider the following problem : a4 cultivator ip u villuye

2 weres of unirriguted land and the amount of cash avaiisble (or

-

vislvation im k. 54,000/= . The input-output deta {or the aorop activitioes
“he resoured regoirameants are glven in teble S5.4. It 1y wasweud Lhst
191l cin be made appropriate lor these dillerent orops by sultbly
o fartilisars, chemicals, elo,, the relevant cost Lelug ipciudawl ia
sapltel requirsaent for cultivation., an optimum plan far ocultivation
“ 3 Lo a~tarmioed subjeot to the oonditions of cash wvallubility and the

Vend avalleble for cultivetion.

s

[

™



Table 5.4. Input-Output datal

Ny e -

rope . Notatiom ‘; Capital required Value of output ]
j | per mere per acra
: . (42 000s of ) . (in 0J03 of ku )
| | b
i \ B yl
daird Py 1.12 2,55 {
iroundmt Py ' 3.76 5,30
.L.“-l]._;,?— Fs 1. 17 1. 50
P Pe 7 1.01 3,42
Jh%lﬂit ; Ps ) 3. 5’ 31 '42
e P5 | 2,94 4. 19
Aaged owar P ! 3,05 l 20 8
- . L 8 ] L - |

L taken trom /7347 vith some modifications.

. LYRAMIC PROGHRAMMING APPAUACH

Fa . atorsine an sptimuim plan Yor sultivation, we procesd in the

relric way

et &~ be the eash availuble lor utiliaation and let by be the
procb rerilrement per aers ror the gth erop, 1 =1, ..., N, Let L ce
“otal aares of land available for cultivation. Let g (xyJ be ths
it. (net return) from the 1% crop when the 1M orop is cultivatad

+ area of x1 acres, xi belin: assumed to be an iateger, 1 = 1,..., N

the ansiytie problem redugces to bthut of maximiziug the farctlon

#{Xys Xgreeen Xy) ® gi{xy) + Balxg) ¢ cuue o gylay) (5.10)



S ant to

> ] !1 = L
i=1
1=1

= 0, 1’ ceay L

+& now define fLy(L,R) es the maximum income associatad with an
imul cholece of crops, when the total amount of expenditurs do not axce-d

inits and the total land utilized for cultivation do not sxceed L[ acras,
y e have

rN([-'R) L BAX RN(XI. ng saey XN} ‘3-12)
s thio maximization is ove r the ragion of x; valaes dei'lned by {5.11/.

s, the prineiple of optimelity, the recurrance relution van bs obtalned

rl(L,a) = (xl) {>a14)

f1

were x, 1s taken over the region
0 x ¢ min VAR YAV H/Hijd- (3,18}

Fere [ 2 _7 denotes the groeatest integer lca=s than or equal to =z .,



o4 GOLOTION TO TH - PLODLEM

-

iel'erlng to the table 5.4, wo can sen that cultivation of Wheat (Ps)

- 1lts 1o & net loss of k. 110/- per acre.

rude Whomt for cultivation, Thus, we ocan see that thora urie seven

S50 it 1s nol advisubls to

stlnls hudgete (given in table 5.5) with in the limitations of land und

rul, From thene alterpative plans, we oan selest the plen - cultivate

L (5'4} in an area of 22 acres and the corregponding farm income is

13,0.0/- appraximately.

Howevar, this nead not be the maximum possible

e within the glvon regsourees, since we can sse here that the capltal

o by utilised, 30 weo now apply Lhe dynamic progranning epproach

- el Vhe combdnsbion of plene resuliing in & mexioum Sncoms.

Table §,5.

Feusible budgeta.

ST No‘t.- C.pihl
tion requirement/

aQre

Net income/Total net
income

acre

Land
cultiva-~ invopt-

(in ocos (1n vo0e led

(in coos of &} of M )

Totaul

aent

inonme-
invaat-
mont

of b.) (acres){(ia 2oos offs. ) ratie

- t ) Py 1. 12
undnut Pg .76
Py 1.17

wl p‘“ 1.01

0 Iy 2.9%
e Aeviram Py 3,98
~esr by 3.0%

1.43
3.04

0.43
.41
1.25
2.76

2.79

31.4¢6
28,36

22
14

4. 64
92, 64
ERT Y
22.22
H2.92

51.74

21.85

1.28
O,
M 4
2.39
0.43
1Js 69

0. 22

Tt . A S A . —

-




Since the amount of cash available [or oultivation i3 N, 54,00/=
the land arailable is 22 acres, ve consider combinations &f crops vhioch
“vs maxisum income - investment ratio and then apply dynamin prograasming
s vyedure.  Sinee the combinations of P, and Py do not result in uny

t.itlonsl income, we consider combinstions of P‘ and Pg . Usinz dynumio

crn veamming tachnique we :ind that (from table 5.6) the maximum income 1s

38,720/= and the optimum {arm plan ie to cultivate crop Jowar (P‘J in
reg of 7 acrea and orop MugeJlowar (Pe) in an area of 15 acrea., It 1s
wd thel epy other combipations of erops will result in & lower income

<+ th: incoms obtalned f'rom the above fara policy.

Table 5.6, Optimal faram policy

! v
cai culti~|Not locome auoust of | Land culti- | Total net  Total emount |

Lledy ¥ ‘El(’.l) 1nvastmnt vutod. X I ircome of 1nv-::ut.:nonti
e | {in ocoa ‘ (i oocos L, it - {in aaos of
TRy ©oaf L ) | B ) (acres? (1n oova af . )

| | . b

= * r IF' - ' "
1 2.41 1,01 17 49, H 52, 26
2 4.82 : 2,02 17 3 52.2% 33, =7
3 9,23 3,03 16 | 51, 87 51,3
4 9 [ 64 4. 0‘ 16 54. ?.B Sr.,. f‘ 4
5 12- 05 5. 05 : 16 ' 36- bg 5’]. ds
6 14.46 : 6,06 15 56,31 51.81
7 16.47 T.97 15 58,72 52, 82
3 19.23 ‘ .08 14 54, 34 50,78
9 21,39 | .M 13 37,97 48,74
10 . 24,10 10,10 |

| 12 57.98 46.70
L




BRI CONCLUSION

The nsin dif{srenne Detwveen budgzeting and prograaming 1is the mathematics
sond 1te Budgeting is ususlly used to deterulne one unique production
cooram out, of the many rosulting in a saxisum proiit, Although other
y runsine techniques, like linear programaing and iateger progreamin.,

o 24 usod to obtaln en optimum plan, we have demonstrated lure ‘he

~ticablility of dynumte programming technique to this brancir 3 planiing,

‘g nuva, tlusg, uvnumetuwtod the soope and applloaticue & ynemic
o raaming wechpique to a diversified field of proLlwas in Jperations
ek, However, tne <leld ol wpplicution of chls twoualous g ot

cuaatly 5 wnd 1t is posalule to find problems where dysualc progcamalng

i onn efficlantly be applied.



