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INTRODUCTION =

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

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

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

To avercome the preceading problems, the fira plannevs
have to put their hands on the bettlenacksy then reevaluate
and modify their plans.

— o o

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




There are many Feastns, that the project(st aay
accomplished after its calculahle time. Some p$ these
reasons, gould be supmarized in the fallowiog points

i)the absence of spientific technigues and managementa;
ii) the shortage of resources during the execution ;
iii) the wrpng distribution of resources an the prajects;
iv) the negligence aof control ipr:,snme_‘éénsible and
critical activities g v o
v) the unavoidable and unexpected enterior factors
AS ﬁlgmatEp POW@!’, enbyg etc. o - ) o

In this research,; we will consider the PERT or CPi8
technique as a starting step to formulate the wmathematical
relations of our model. 8o, the firet part of this research
will cancern ta briefly expose the most impprtant parts of
PERT or CPM technique as a acientifis tool for this kind of
problems. An extended and very important part ef this
technique, iz the so-called TRepow e leveling and
allocation®; where equipsent and manpower planning will be
put in copsideration in this research. '

In the second part, we will concentrate onr attentions
to generalize the use of “Resource. a}location®™ as a
preliminary step to farpul ate pur model. . in the third pari,
the computer output result for an exapple will he presented.



PART - X
FPERT and CPN.

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

{ I~-4% » PERT / TIME and PERY / COBT
il s o S i 2 T R R O SR U ST R U SR R
The common factor in the tﬂd techniques —-PERY and  £FN~-
is "the “jobh" or the “activity®. The project managers must
schedule and coordinate thé various jobs or activities so
that the entire project is completad in tiese. A complicating
factor .in varrying out this tagk is the inpterdependence of
the agtivities. For example, some activitjes depend wpon the
completion of other activities hefore they can be started.
When w2 realize that projects canh have as many am sevearal
thousand specifig activities, we spe why praject managers
loak for precedures that could help them answer questiphs
such as the following 3



2) What is the expected project completion date ?
b) What is the scheduled start and zompletion date for
. each specific activity ?
¢ Which  activitiss Asre CSeriticel” and wmust be
campleted exactly as schedulpd in order to keep the
project o schedule 4 ,

d) How - lpng, £ah “pRecritical” activities be delayed

Chefore thpy cause a Helay im the total project ?
. A8 we know, PERT / TINE and CPM can be usgd to help

anawering the above QuEstions.

While project time and the mesting of a scheduled
campletion -date are of primary considerations #or aisost
every praject, thereg are many situatione in which the cost
associated with the project is just as iaportant as tigw.
The technique referred o as PERT 7/ Cost can he used to help
plan, schedule, and cantrel project casts. TFhe ultieate
objective pf a PERT / Codt system is8 to provide information
which can be wused ta maintain project coste within a
specifisd budget. In this term, PERT / Caost technigue affers
- differgnt alterpatives sthegutes (Time vig—a-vis Cost}) for
_achieying a praject.

The first oetep in a PERT / Cost control system is to
break the eantire praject  in to compaonents that are
convenient in teras of peasuring and controlling cests. The
related activities which are wnder the coatrol of one

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

to form what are vréfeyred to as Yworht packagRa.

By identifying costs af each wark package, a project aanagQer

can use a PERT / Cost system te help plan, schedulie, -andg
cantrol project costs.

' In this technique, three categeries of cost tould be

identifipd for any given prejiect =

4



1) Direct costs s

Associ ated with the comnttaent of resources
{labor, materials, equipaent, angd so Forth) fo
activities 3
2) Indirect or QOverhead costs >

Such as expenses aesociated with utilities,
administration, and supervisien; and
B Opportunity-cqsts z

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

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

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

Direct cost A

Crash cost (CC) [=———s Crash peint

g &

— -

Normal cost (NC) [v——*T--w—~-ﬂ

(Fig.1) Trash Noresl
duratign (CDY duration {ND)

o



Cost slogpe = |
ch - nND

Given the detersination of a critical path based on
normal times, the act of "crashing” invplves the sequential
time compregsion of critical .agtivities From normsal
durations to crash durations, The end result of this effort
is a mset of schedules yielding direct cost as a discrete
function of project duration. When this function is combined
with the indirect and opportunity cost fupctions, a discrete
version of the total cost function can be constructeds (

Fig. 2}).

Cost

WI‘

Total cost

indirect cost

Qpportunity cost

-pireqt-cnat

s Duration of project

total cost

{ Fig. 2}
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(I — 2) Kinds of Ffloats =

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

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

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

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

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

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

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

Wwhich is the man 1 s time by which the activity
may be expanded withgut atfecting any other artivity-

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



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

i - Event i — Event
B e e e e e e ———_—
EET LET EET LET
i i i 4
L | X : \
[ )
Activity duration (D) Tot al float |
I
S 1 < RS | "I
[ | i
I I
| i :
R : st e |
lAactivity duration (D) Free f 1 p a t
Lr——-.—-n— — r=y— ey | B - o —
|
1]
|
|
]
I
1
1

For any critical activity, the threse kinds of float are
gqual to zera.

{%x) Patrick 0O. Malone ,"The basics of critical path
method®, COUrRe nptes €N. 821, Septemher 19746 =
International Bank for Recanstruction and Development.

a8



(I -3 ) Tiee Chart 3
SRR S IR R S ST SR N AR

The time chart readily identifies schedul ing
flexibilities because of the visual case in identifying the
total flgat associated with each non critical activiity. The
first step to design the time chart is the scheduling of
critical activities. These activities are located as those
having zero total float. Then they are plotted sequentially,
the length of each line corresponds te the duration of the
corrasponding activity. The dussy activities need not be
plotted, as they take up zero time, Each ngn gritical
activity is plotted separately. The beginning and end of
each line correspond, regpectively, to the earliest starting
time (EET ) and the latest finishing time (LET } +for the

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

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

This line (doubled line}) is divided in ta parts, Each
part rapresent a eritical activity. The neR critical
activities are represented hy continuous thin lipes. Their
lengths weré taken by the samg scale of the critical path
{(Fig. 4).
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The rdle and importante of time chart will be evident
in calculating the total resources required at every period
dyring the execution of the project. It is also essential in
part 11, when we have to foreulate the proposed model for
layeling the resburces.

(Y - 4) Reﬁnurce—leveling anii allocation 3
SRR S 2 s e S S R S A 5 S N R

Basic models assume unlimited resource availability,
which is clearly unrealistic for aany envioroments.
Activities on parallel paths in a netwerk, may compete for
the same esoUrcRRE. Consequently, limited rescurces faay
force sequential scheduling af activities which are not
related by precedence relationships.

Therg are twa basic approaches to scheduling with
limited resaurges ] resource leveling and resource
allgcation, In resource leveling, peak resource requirements
are smobthed to reduce maxiseum capacity needs -~ consistent
with meeting the scheduled cospletion date.

in resource allocation the duratipr of the project  is
minimized (usually beyond the scheduled completion date
pravided by the basic model) subject te appropriate resource
and sequential constraints.

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

i1



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

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

For example, suppose the number of epgineers required
at every unit of time in the previous project, like the
following 3

— - — e e e e » e e e e o 1 e e o e e e e e e e

P 2 3 4 35 & 7 8 910 1) 12 13 34 15 14 17 18 19 20 21 22

S —— et
g et g ™ " s e v g ————— s e e g e e s e

-~ - &6 &6 £101413 10102 2 2 4 4 = - =~ = & - =

=y ol — " — oy oy - J -

(Figure S) represent the time — chart, and the activity
requirements from the éngineers as resources. The activities
were represented by their earliest start tiswss.
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(Fig, S5

12



The total nusber of pnginegrs required at each period
in the project i represented as in (Figure &).

No. of Engs.
JI\
14
4
12 4

10

——

N OS> > W

-« ¥ L] - L] L L] - -

T R S

{Fig. &I

It is clear, that the maximum pumber of engineers is 14
at peripds 7,8 gnly in the projecty while there is no need
for any enhgineers (respurges)l,2,1& and over, The project
managers, have to pay salaries for theee 14 engineers
allover the prpject dyration, The responsability of the
project mapager now, is to change the execution pericd pf
some pop pritical activities in order to attain a wminious
nuaber of engineers that could be employed, during the same
praject duration. The following changes could be happened in
grder to redigtribute the enginears (resourcest.

13



i— FPastponing the executiop of activity 3-8}, to start
at the begining of the 16~th period of the project, instead
of the 7-th period; (Figure 7).

B E ‘l"""?“‘!‘qﬂ'*"ﬁfﬂ"1
ZE bE !
c o % M N
- ag. - 2 S o
|...ppo~upp:¢----&hbbhdnnw,'_,g._,_,.'. :
4€ !
,__,Q..@ H i bvq----uvﬁhvaann;
- 4E 2E

3

|
e
K
o
b
<
b
&)
-
ol
ok
(o}
el
Q
h
~
»
$
-+
-~
H
{
i

i

t

I

TR ot W R ¢ B "

{Fig. 7)

ti—~ Postponing the éexecution pf ackivities 14m6),{b~9}
for five perjiods of timey (Figure 8).
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‘ " " r

EE
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—BF.'I'rurrvcted‘i"' :!E v -1—-'—

(Fig. &
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The redistributed

number of engingers will be as in {Fig.

Fra

e b et s o ey e

1 2 X 4 S5 & 7

The final results of these changes leads

the number of en
warks allover the

MNo. aof Engs.
.1\
1Q

a8

L & & 4 4 4 & & 6 6 2 2 2

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

o e e b e e ]

P i e

——

ot e .t e

{(Fig., T

gineers from 14 to & anly,

e vy —

us to minimize
which nearly

project duractions (Figuwre 10Q).

L
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As mentjoned before, that till now, cosputationally
feasible models fpr optimizing the distrihution of resqurces
do npt exist: In the folloping, we will try to formulate the
problem and tb salve 1t ysing the linear programeing
technique. Before discussing the model, let us try to expose
the protilem and its congtituents.

(IT - 1) The probless

E= S e ]

Consider a fire with limited rEsouwrces {manpower o
machinery or teools, ..8%c.),; signed a contract to accpaplish
the exerution of one or mare project/s in a given peried.
How can this firm distribute thelr resowrces in order o
satisfy the reguirements of every activity in the project/s?

Ta advance towards the foreulation of the problew
mathematically, we bave ta preparg the following preliminary
stepss ‘

i— for every preject; calculate its tetad duration, its
eritical path, its non gritical activities; and
their total fleats,

ii—- Préepare a  global tiee - chart for <the projeci/s,
clarifying an i, the duration, the required
repources and the toltal figat for each non critical
activity. .

iii- For the non critical activities and their floats,
defing every unit of tiwe by a variable X .
‘ i

¥
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resouwrces reguired at gach period of the project,
will be as in the following table :
L] b

Co

r ; y

Suppose that,

for the Non Critigal Activity i

Ry &

(NCA )3
i

the required resources is r . The resources for the critical

attivities are out of guestion;

1 — Types pf cunstrhintﬁ 7

i

becauge it must be secured
if we decide to terminate the project in time.

There are thrae types nf constraintyy namely =
i} Horiant41 cpnstra:nts (duratinn constraints)z

A constrajint must be asalgneés

If the NCR starts at X

constraint will take the farm 3

4]

X =R

KR8 5

m

i i

8

e

for evary NCA.

and terminates at X
n

g then idts

(D is the duration of NEA )

i



In our representation, the horizontal constraints will

be =
X + X + X +X = 1 = Duration of first NCA.

1 P 3 4

X % X = 1 = Duration of second NCH.
o &

X # X + X = 2
7 a8 9

X + X + X + X = 2
10 i1 12 13

X + X + X +X = 3
14 15 16 17

X + X + X I |
18 19 20

ii) Vertical constraints (Resources gonstrainte) 3

et S S e e v

also, a constraint msust he assigned for every unit of
time whenever a NCA(s) existwr. Soj

r X < r {resgurces required at tise i}
3 i
r X +r X $r +r (for 2-ngd & 3-rd periods?
- R | s 14 i &
r X +r X ¢ TF (fgr 4-th & 5—th periods)
¥y 2 s 15 3 3



-
x
+
-
o3
+
4
>
A
-
&
b
1

p L 4 10 9 16 | A 3
T SEEE AP SR R R | NS r o +*r +r
1 4 4 11 5 17 1 & 5
e (RN g I {: r +rc *r
o A 4 12 & 18 2 4 &
SR S S S GRS B S g % e, s
2" & - T 3 & 19 2 a b
r X & H gt gt ol g
& 20 & X7 3
e X { ' 4 r X &Lir
3 8 3 5 X9 3

If R (step iv in II-1) is greater than or equal to each
right-hand side pf the above constraints, there will be no
problem and the firm could esasily accomplish the progject/s
in timge. 'The problem may arises, if R is lees than one or
more of the right-hand side of the above censtraints. JThis
is our case, in which the model have tp find & solution. The
solution could be attaingd for some extent of R. It is
evident that, therg is no splution for the problem if R
equals zero or below some value.

"iii) The non-negativity constraints :

In this model, the value of X not only aust be
i
greater or equal teo zero, but also smust bhe less than or
equal to gne.

20



In fact X must be a bodDlean variable ji.e. it wmust
i .
take either the value 0 or t3; and the problem have te be
solved by applying one of the (0 - 1) integer programaing
techniques which is not available for the time being. So, we
will copsider that this type of constraints will take the
form =

2 — The objective function s

It is of a particular type. At its optimua value, it
must take a value which is already known and could be
calculated, This value is equal to ¢

L -
'? P r (1)
i i
e

_Where L, is the number of NCAs, D is the duration of NCA ,
i i
and v is its required resources.
i .

From the hprizontai constraints, each one repressent a
NGA. This means that X, of a constraint is egual to the
i
duration of the corresponding NCA. So, the ohjective
function of the mathematical model will take the form 3

2



& 19 & 20 .

If the problem is solved to maximize f(X}, the sglution
will be attained and stopped at a value for f(X) equal to
that ip (1). But if the preblem was to minimize (X}, we
will expect a smaller valug for f(X) than in the case of
mayimization. This is due to the absence of one or more of
the basic variables, which affects on the objective
function. This case is expected and examined, since the 3-rd
type of constraints permit to give the value of zero for the
basic variables which still remain after escaping of the
artificial variables. '



PART - ¥X¥

P L ]

(X11 -~ 1) Example:

SRS

Considering the example derived 1o (1 — 3);3 {figwe %
represent the time ~ chart of the problem. Subtracting the
numbher of enginears required at pvery critical activity; the
table which represents the nusbher of enginegers {resources)
at the different periods of the project will be as follows

— e it S e — e,

e et - e

1.2 3 4 85 67T %89 2101 17 13 14 15 16 17 18 1% 20 21 221

et e et S S e e S S S Y 9 S S S S G B £

- - 2 2 2 & 14 14 14 14 12 17 123242 124 2 X % = *

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

o ———

Denoting every period, for the npn critical acktivities
in (Figure 5) hy a variable X {Figure 12); ,

§ e

23



19 20 21 22 25 24 325 2a 27 28 29

AL S CEE ) R (ST T R
st it TR TR o e S P ARt = e I U L

(Fig. 12)
Ther problem could be torouwl ated as follows :

Hin Fix) =0X 40X +0X 4% +4X +4X +4X +4X +2X +2X +2X
1 2 & 4 & 7 8 ¢ 1o 11

&

+2X +2X +2X 42X 42X 42X #2X  +4X  +4X  +4X  +4X
12 13 14 15 16 17 ig i9 20 21 22

+4X +4X  +4X #4X  +4X  +4X  4H4X  +2X  +2X  +2X 2% +6X
23 24 25 28 27 28 29 30 31 32 33 34

+aX +6X +6X +EX +&EX +AX 16X +8X +EX +6X
35 36 37 38 39 40 41 42 43 44

Such that =



0xX +2X
1 30

w2X
32

<

0x <

=
A4X +4X

b J

19

2%

: . §
2X  +4X
1= 29
2X 2
17

£
N

=

X +X +X
SO

X #£X +X
9 10 1%

X +xX +X
12 20 23

+&X

+5X

+56X

+3

2

=4

36

L8

3
+X
12 1

+X +X
22

5 OX +2X & H
2 31
FOAX +2X & & 3
4 33
4 7 AX +4x +6X K 14
& 20 35
4 g 4X +4X +eX 14
g 22 37
s 3 2X +4X +&X < 12
10 248 39
12 § X +4X 6K € 12
12 26 a1
12 52X 44X wex K 12
14 8 43
12 22X £ 2
14
g2 L 2
T 1 -
3 X #X X +X +X =75
4 B & 7 8
+X +X +X +X =X = 3
3 14 15 146 17 18
+X X +X +X +X +X = 2
23 24 25 26 27 3/ 29
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X +X X X =4
39 31 32 33

X X +X +X +X +X +X +X +X #X +X =4}
T4 35 J&H I7 38 3I9 _AC 41 AL 43 44

S B

€IX1 —~ 2 Repultsz

SIS R RRER RS

The problem was sglved in 2 cases X
i — Nermal case.

ii~ Assuming that, the maximum nusber of rescurces available
at any period is not greater than &6 .
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X29= 1 X33=1 X4=1 Xa42=1 X43=1 X 43=1 X 27=0 X 40m= 0

ITER 19 £LX)= 50

X 30= 1 X 31=1 X 3I2=1 X14=1 X 15=1 X 16=1 X 17=1 X 18= 1

X 28=01" DX 29= 0 bX Sxeial mxiage ) VN ADETL X A8s 0 X 44w 1 . X D7=D

X 40= 0

ITER 20 £(X)= 50

X 30= 1 X Ji= 1 X 32= 1 X 14= 1 X 15= 1 X 146= 1 X 17= 1 X 18= 1}

X28=1 X29=1 X 3IZ=1 X41=1 X A42=1 X 43=1 X 44=1 X 2= 0

X 40= 0O

ITER 21 fFOO= S0

X 30=1 X 31=1 X 32=1 X 14=1 X 5=t X 18=-1 X 17= t X 18= 1

X 28= 1 X 29=1 X 33=1 XA4l=1 X A42=1 X 43=1 X 44=1 X 13= 0

X 27= 0 X 40= O

ITER 22 £(X)=. 54

X301 X oms XiSZm g O X gm g FUSE K dke q X AT= 1 X e 1

XeB= ' X28= 1 A 298P R IZ=1 A 4=} X AR=L K AB= 4 X 44501 K
= 0 X 27= © X 40= O

ITER 23 F(X)= S8

L TS e E SR TR T D VT I R O [ R G v R O i e G T TS |

X st X 8=~ X 2= XRg=ity N axmy O AR ase 1 AT L X
44="1 SNER= 0 X P72 0. XM0=0

ITER 24 FUX)= 62

e R G T B T SR 1 IO (R E0 < T SR 5 1 L (U S0 W R (- 8|

B e T I - R e T B R T TR P R ST
AZ= 1 B X A= R XS0 XERT=0 | S X a0=x 0

ITER 25 FX)= 66

T IS A R T L R S T e TR (O e T TR S 1 TR

XuBah 1 Coxtami D ST BRI X Rasal N PR X REe Y A=) X

= 1 X 43= 1 X 949= 1 X 13= 0 X 27= 0 X q40= 0

TTERS 75 g = 70

S B o | RS TR S R T, RS (R RS S SR 1 D B T S
T RS R S G R TR TS R S R L R SRR R W
I aes—1 LK AR~ X AREE T Y s 0 s e e 4020

ITER 27 £(X)= 70

X' Xg= g ¥ A=t - XFP=l ¥ oAS L O NedAsid e Sy X ge= X ATR LN
18] X Fef o XEm 1. Xawl. X TF=A WA= L0 OB=7 X D6m X 33w
1 X41=1 X 42=1 X 43=1 X 44='1 X i3=0 X 27= ©- X 40= 0

ITER 28 f(X)= 70

ity S R o R TE D T 1 S G G O R T - R R T | T R TR T S O 1 T
ja=1 L X 2=l iXemell eI Xmof AR Tedie Xogmo 11X 2B A N Pem
i X33m g . X4i=1 X 42=1 N 4Zm Y - X QA= X 13O0 X 27= 0 X 40
0

ITER 29 FUX)= 70

T SR o) [ el S R R R T NS S T T e B P B (8 S B
1gaA1 X 1= X 2= i L L R T e S TR R T
N iag=t1 e | S S b A Y el g I3 N 27=
X 40= 0
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RESUL TS

+
MES X - RESOURCES = o

ITER . 1 F(X)= "0

ITER 2 fFiX)= &

X 44= 1

1ITER 3 N

¥. 43="1 X 44=

ITER 4 f30)y= 183

o B ¥ 43= ¥ 44= 1

1TER 5 F0= 24

A = X A42="1 ¥ong="3 ¥ a4= 1

ITER & LiXY= 24

Y= o X 42= 1 ¥ 4501 .l ) R | X 4qon= 0

ITER 7 FIX)= 24

X 41= 1 X 42= 1 ¥ A%= A Yiga=i T R | ¥ e
ITER R £ Y

el o | ¥ =] e s A 14= 1 ¥ TA=
1TER = fepk e :

4t e | Ziom ] LT W A g | X 44=
[TEF i ()= L E

e < TS = . Em2= oaal=" ¥ 2=} X 3=

¥ 40= 0

ITER 11 Aafas S

X 30= X 3i= 1 ¥ AR X 1= 1 X 42= 1 X 43=
29= 1 Xezz="1 X 40= .A&bLbbLLLET

1ITER 12 f£¢X)= 3B

i = - Qi) 1o | X B X 41= 1 X a42= 1 X 43=
~XI333I23 X 29= X 33= 1 X 28= .3 X 40= 1

ITER 13 £{X)= 40

X 0= 1% X 3t= 1 o v | X 4i= 1 X 82= 1 X 43=
. 35333333 X 3I9= .33IIIZZ4 X 29= 1 X X3= 1 X 28= 1
ITER 14 £§(X)= 40

- X 30= 1 X Z1=1 ¥ Z2= 9 X 41= 1 X 42= 1 X 43=

. BIZTIIIX X 9= .3Z333334 X 2%= 1 ¥ 33=1 X 28= 1
ITER 1S F{X)= 42

X 30= 1 X 1= % X 32= 1 X 41= 1 X 42= 1 X a43=
S SIXITER X ig=1 X 39= .33I33334 X 29= 1 X 33= 1
40= 1 30

3]

1 X 40= O
i X 33= 1 X 40= 0
i X 44= 1 X 33= 1
1 X 44= 3333333
- &6LL6ET X 44=
« 3333334 X 44=

X 40= 1
- 3333334 X 44=

X 27= 0 X 40= 1
- 3333334 X 43=

X 28= 1 ¥ 27= 0

x5

)



ITER 16

fF(X)= 44
X 30= 1 X 31= 1 X 32= 1 X 41= 1 X 42= 1 X 43= 3333334 X 44=
« 3333333 X 17= 1 X 18= 1 X 39= .3333334 X 29= 1 X 33= 1 X 28= 1 X
27= 0 X 40= 1
TIER.-17 FiX¥y= 46
X 30= 1 X 31= 1 X 32= 1 X 41= 1 X 42= 1 X 43= .3333334 X 44=
- 3F3FIT3 14= 1 X 17= 1 X 18= 1 X 39= .3333334 X 29= 1 X 33=1 X

X 16
28= 1 X 27= Q X 40= 1

ITER - 18 £¢xX)= 4m

X 30= 1 X 31= 1 X 32= 1 X a1= 1 X 42
B o o A X 146= 1 X 17= 1 X 18= 1 X
28= 1 X 27= 0 X 40= 1

i X 43= .3333334 X 15=
= .b&bLALL6H X 29= 1 X 33= 1 X

ITER 19 f£(X)= 48

X 30= 1 X 31= 1 X 32= X 41= 1 X 42= 1 X 43= .3333334 X 15= 1 X
16= 1 X 7= X 18= 1 X 39= .b6bbbLLEL X 29= 1 X 33= 1 X 28= 1 X .27

= 2.980232E-08 X 40= 1

ITER 20 £(X¥=" 50

X J0= 1 X 31= 1 X 32= 4 ¥ A= 2 X 42= 1 X 43= S.9604465E-08 X 15= 1
X 16= 1 X 17="1 X i8= 1 X 39= .9999999 X 29= 1 X 33= 1} X 14=
. 9999998 X 28= 1 X 27= 2.980232E-08 X 40= 1

ITER, 21 £{X)= S0

¥ 30=1 % Bl A X 32=1 X 41= 1 X 42= 1 X 43= 1.984821E-08 X 15= 1
X 16= 1 X i7= 1 X 19= 1 X 39= .9999999 X 29= 1 X 33= 1 X 14=
. 9999999 X 28= 1 X 3I8= 3.973643E-08 X 27= 2.980232E-08 X 80= 1

ITER 22 £(X)= 54

X 0= 1 X 31=1 X-32= 1 X 41= 1 X 42= 1 X 43= 1.986821E-08 X 15= 1
X 15= 1 ¥ 17=1 X 18= 1 X 8= 1 X 39= .999999% X 29= 1 X 33= 1 X
14= .9999999 X 28= 1 X =8= I.97364TE~08 X 27= 2.980232E-08 X 40= 1

ITER 23 fixy= S8

Pt

X 30= 1 X 31= 1 X 32= 1 X 41= 1 X 42= 1 X 43= 1.986821€-08 X 15=
X 16= 1 X 17= 1 X 18= 1 X 7= 1 X B=1 X 39= 9999997 X 28= 1 X
33= 1 X 14= 9999999 X 28= 1 X 38= 3.973443E-08 A 27= 2.9B023I2E-08 X

40= 1

ITER 24 ()= 62 :
X 30= 1 X 31= 1 X 32= 1 X 41= 1 X 42= 1 X 43= 1.98&821E—-08 X 15= 1
X 16= 1 X 17= 1 X 18= 1 X &= 1 X 7= 1 X 8= 1 X 39= 99999979 X 2%
=1 X 3%= 1 X 14= 9999999 X 28= 1 X 38= 3.973643E-08 X 27=
2.980332E-08 X 40= 1

ITER 2S5

X 30= 1 X 31
X 16= 1 X 1 X 18= 1 X 5= 1 X 6= 1 X 7= 1 X 8= 1 X 3=

« 7999999 X 1 X 33= 1 X 14= .9999999 X 28= 1 X 38= 3.973633E-08

X 27= 2.9B0232E-08 X 40=

X
1 X 32= 1 X 41= X 42= 1 X 43= 1.9846821E-08 X 15= 1
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ITER 26 £{X)= 70

X 30= 1 X 31= 3} X 32= 1 X 4= 1 X 41= 1 X 42 % X 43= }.984821E-08

X 15= 1 X 16= 1 X 17= 1 X 18= 1 X 9= 1 X &= 1t X 7= 1 X 8= 1 X 39
= .9999999 X 29= 1 X 33= 1 X 14= 9999999 X 28= 1 X 38= 3.973643E-08

X 27= 2.980232E-08 X 40= 1

ITER 27 F{X)= 70 :

X 30= 1 X 31= 1§ X 32= 1 X 4= 1 X 41= 1 X 42= 1 X 43= 1.986821E-08

X 15= 1 X 16= 1 X 17= 1 X 18= 1 X 3= 1 X 5= 1 X 65 } X 7= 1 X =
1 X 39= ,9999999 X 29= 1 X 33= | X 14= 9999999 X 28= 1 X 38=
3.973643E-08 X 27= 2.980232E-08 X 40= 1

ITER 28 f{X)= 70

X 30= 1 X 3= 1 X 32= 1 X 4= 1§ X 41= 1 X 42= 1 X 43= 1,986821E-08

X 15= 1 X 16= 1 X 17= 1 X 18= 1 X 2= 1 X3=1 X 5= 1 X &= 1 X 7=
1 X 8= 1 X 3I?= .92999999 X 29= 1 X X3= 1 X 14= .9999999 X 28= 1 X
3B= 3.973643E~08 X 27= 2.980232E-0B X 40= 1

ITER 29 fF(X)= 70

X 30= 1 X 3= 1 X 32= X 4= 1 X 41= 1 X 42= 1 X 43= 1.986821E-08

X 15= 1 X 16= 1 X 17= % X 18= 1§ X 1= 1 X 2= 1 X 3= 1 X 5= 1 X 6=
1 X 7= 1 X 8= 1 X 39= 9999999 X 29= § X 33= 1 X 14= .9999979 X

28= 1 X 38= 3,973643E-08 X 27= 2,.980232E-08B X 40= 1

ITER 30 F(X)= 70

x %0= 1 X 31=1 X 3I2=1 X 4=1 X 25= 2.980232E-08 X 41= 1 X 42= 1

X 43= 1.986821E-08 X 15=1 X 16=1 X 17=4 X 18=1 X 1=1 X 2=1 X
=1 .X S= X6=1 X7=1 X8=1 X39=.9999999 X 29=1 X 33=1
X 14= .9999999 X 28= 1 X 38= 1.986B22E-08 X 27= 0 X 40= 1

ITER 31 £(X)= 70
X 30=1 X 3t= 1t X 32= 1 X 4=
X 43= 1.9868B21E-08 X 15= 1 X
3= 1 X 5= 1 X &= 1 X 7= 1

X 14= ,9999999 X 28= 1 X 24=

1 = 2.980232E-08 X 41= § X 42= 12

= 1 17= 1 X 18= 1 X 1= 1 X 2= 1 X
X 8= 1 X 39= ,999999%9 X 29= § X 33= |}

o X 38= 1.984822E-08 X 27= O X 40= 1

X 25
) ¢

ITER 32 f{X)= 70 :
X 30= 1 X 31= 1 X 32= 1 X 4= 1 X 285= 2.980232E-08 X 43= 1 X 42= 1
X 43= 1.986821E-08 X 15= 1 X 146= 1 X 17= 1 X 18= 1 X 1= 1 X 2= 1 X
3= 1 X 5= 1 X &= 1 X 7= % X 8= 1 X 39= .9999999 X 29= 1 X 33= 1
X 14= .9999999 X 28= 1 - X 24= 2.980232E-08 X 44= 1.986822E-08 X 27= O
X 40= }
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CONCLUSION

RS  T
This model is a try to solve this type of problesns.

There are some points which must be taken in consideration,
such as = :

1— As mentioned before (in the introductiopn), there is
ne mathematical technique to assume an optimum
solution for the problem, which require ths use of
heuristic and combinatoric methods,

2- It is preferable to use a (¢ — 1} integer linear
programming technique, since the basic variables of
the model will take either the value zero or one.

I~ Singe the model ¢epntains a huge number af
constraints, so it must include a great nuaber of
slack and artificial variables. It will be wmore
desirable to use the compact simplex aethod to avoid
the computer memory capacity problems.

4- A solution could be exist or not, depending on the
resources of the firm and if it were sufficient to
satisfy all the vertical constraints or not.

5— The obtained solution may not be optimum, but it
represents one of the possible splutions ip this
circumstances.

&— To $ind other solutions, we have to resolve the
model several times with descending values for - the
amount of resouwrces, or by using computer packages
contains an upper and lower bounds for its
constraints.
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