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Abstract Datain many reallife engineering and economical problems suffer from inexactness. In the real world there are
many forms of uncertainty that affect production processes. Uncertainty always exists in practical engineering problems. in
order to deal with the uncertain optimization problems, fuzzy and stochastic approaches are commonly used to describe the
imprecise characteristics. Herein we assume some intervals in which the data can simultaneously and independently perturb.
In this study production planning related data of Al- Araby firm for electric sets in Egypt was collected. A production
planning model based on linear programming (LP) was formulated. This formulation based on the outcomes of collected data.
The data includes the amount of required and available resources, the demand, the cost of production, the cost of unmet
demand, the cost of inventory holding and the revenue. in this work, the objective is to maximize the revenues net of the
production, inventory and lost sales costs. The general LP model was solved by using software named Win QSB.
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1. Introduction

The objective of the production planning problem is the
maximization of the revenue. For solving it, the demand and
resource levels are assumed to be fixed and given. But a
production planning problem exists because there are limited
production resources that cannot be stored from period to
period. Also the planning problem starts with a specification
of customer demand that is to be met by the production plan.
In most contexts, future demand is partially known. So one
relies on a forecast for the future demand but the forecast is
inaccurate. This leads to that demand that cannot be met in a
period is lost, thus reducing revenue. So a production
planning problem to maximize revenues net of the
production, inventory and lost sales costs is suggested by
Stephen C. Graves[1]. For solving it, the coefficients of the
objective function, the inequalities and the equalities
constraints are assumed to be known numbers.

In real world, the data are imprecise that is the data can be
represented as uncertainty. In the real world there are many
forms of uncertainty that affect production processes.
Uncertainty always exits in practical engineering problems.
In order to deal with the uncertain optimization problems,
fuzzy and stochastic approaches are commonly used to
describe the imprecise characteristics. In stochastic
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programming[20] the uncertain coefficients are regarded as
random variables and their probability distributions are
assumed to be known. In fuzzy programming[21] the
constraints and objective function are viewed as fuzzy sets
and their membership functions also need to be known. In
these two kinds of approaches, the membership functions
and probability distributions play important roles. It is
sometimes difficult to specify an appropriate membership
function or accurate probability distribution in an uncertain
environment[22]. The interval analysis method was
developed to model the uncertainty in uncertain optimization
problems, in which the bounds of the uncertain coefficients
are only required, not necessarily knowing the probability
distributions or membership functions. So for the first time,
we will deal the production planning problem with interval
data as uncertainty in both of the objective function and
constraints.

2. Review Literature

Production planning is a complicated task which requires
cooperation among multiple functional units in an
organization. For solving the problem of production
planning, powerful optimization models have been
constructed by means of the formulation of mathematical
programming. We refer to[l,7] for an overview of
optimization techniques in this field.

Galbraith[3] defines uncertainty as the difference between
the amount of information required to performa task and the
amount of information already possessed. we refer to[ 13] for
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applying a fuzzy linear programming method for solving
model related to aggregate production planning problem
with multiple objectives. also we refer to[ 19] for applying a
stochastic linear programming method for solving model
related to supply chain planning with bi-level linear multip le
objective programming. As the recent contribution for the
problem of concern can be viewed as follows:

R. Svend[23] discusses how the linear programming
model can be used as the basis for a company’s operational
planning, in practice. F. G. Juan Carlos etal.[24] developed a
new model for production planning using fuzzy sets in order
to use classical mathematical programming techniques to
reach an optimal solution over a multiple criteria context.

Production planning problem that involve the lost of
future demand have been investigated by Stephen C.
Graves[1]. This problem deals with precise coefficients in
both of objective function, the inequalities and the equalities
constraints. While the data in the real world are imprecise
then the input data can be represented as uncertainty.

In our work, we develop a new planning problem to
minimize the lost demands and thus maximize revenues. For
the first time, we construct the production planning problem
with interval numbers as uncertainty in both of the objective
function and constraints. After that we will treat the
uncertain of objective function and constraints. In section 5,
parametric study for the treatment problem is introduced.
Finally, for illustration, a production planning example is
given, where the integer programming optimal solution is
determined using the WinQSB software package.

3. Solution Algorithm

In this sub section, we describe a solution algorithm for
solving problem (1)-(14).

Algorithm steps:

Step 1: Construct the production planning problem with
interval numbers in both of the objective function and
constraints as in (1)-(14).

Step 2: Read

L R L R
I:bkt ’bkl ’|:d[t ’d[t ]
Y.y €D, 5Cq,, CU,, ,ay A, Where i =123, 1=12,k =
1,2,3.

Step 3: Convert the problem (1)-(14) to the deterministic
form (45)-(64).

Step 4: solve the problem by WinQSB software package.

Step 5: Stop.

interval values of

the

the

and values of

4. Methodology Adopted

In this study, production related data of Al- Araby firm for
electric sets in Egypt was collected. Data was collected,
classified and analyzed statistically. Linear programming
model was formulated based on the outcomes of the
analyzed data. The data were collected through the use of

questionnaires and oral interview among employees in the
firm. The data that were collected include the following:

The firm is planning for production of three items:
refrigerators, ovens and washing machines. The
manufacturer of each item requires three resources. These
resources are number of workers, over time and varying
inventory. There are two time periods for production. The
length of each time period is six months. The amount of the
three resources required of production of the three items is
illustrated in table (1). The amounts ofavailable resource and
demand for each itemare represented by interval numbers as
illustrated in tables (2) and (3) respectively. The cost of
production of the three items in a given two time periods is
illustrated in table (4). The unit cost of unmet demand of the
three items in a given two time periods is illustrated in table
(5). The unit inventory holding costs of the three items in a
given two time periods is illustrated in table (6). The unit
revenue for each item in each time period is illustrated in
table (7).

Table 1. Required resources of production

Total required
Production re quirements
resources (I,
ik
. washing
Refrigerators Ovens .
machines
Number of workers 8 6 5
Overtime 4 3 5
Varying inventory 30 50 60

Table 2. Amounts of available resources

Total available

resources
Production re quirements
L R
(6404 ]

Time period 1 2Time period

Number of workers ,130)60( (70,100)

Overtime (500,700) (500,700)
Varying inventory (60.,80) (80,90)

Table 3. Amouwnts of demand resources

Pro.duction The demand I:d L d B
re quirements it >t
Time period 1 2Time period
Refrigerators (5000,7000) (7000,9000)
Ovens (5000,7000) (7000,9000)
washing machines (5000,7000) (7000,9000)

Table 4. Production cost ofthree items

Production .
requirements Cost of production cp,
Time period | 2Time period
Refrigerators 1500 1550
Ovens 1000 1050
washing machines 1500 1550
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Table 5. Unit cost of unmet demand

P .
m.du ction Cost of unmet demand CU .
re quirements it
Time period 1 2Time period
Refrigerators 100 120
Ovens 70 70
washing machines 90 100
Table 6. Unit inventory holding costs
Production . .
re quirements Costofinventory holding Cq ,
Time period 1 2Time period
Refrigerators 30 30
Ovens 20 15
washing machines 25 20
Table 7. unit revenue of each item in each period
Pro.ductlon The revenue 7,
re quirements it
Time period 1 2Time period
Refrigerators 3000 3500
Ovens 2000 2500
washing machines 3000 3500

The decision variables are as follows :

Py, = the amount of production of refrigerators during
time period 1.

P, = the amount of production of refrigerators during
time period 2.

P, = the amount of production of ovens during time
period 1.

Pn=
period 2.

the amount of production of ovens during time

P, = the amount of production of washing machines
during time period 1.

D5, = the amount of production of washing machines
during time period 2.

q,;= the amount of inventory of refrigerators at end of
time period 1.

q,,= the amount of inventory of refrigerators at end of
time period 2.

9=
period 1.

4=
period 2.

the amount of inventory of ovens at end of time
the amount of inventory of ovens at end of time

g 5,=the amount of inventory of washing machines at end
of time period 1.

g 5, =the amount of inventory of washing machines at end
of time period 2.

U, =the amount of unmet demand of refrigerators during
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time period 1.
=the amount of unmet demand of refrigerators during
time period 2.
U,,= the amount of unmet demand of ovens during time
period 1.
2, = the amount of unmet demand of ovens during time
period 2.
U, = the amount of unmet demand of washing machines
during time period 1.
U, =the amount of unmet demand of washing machines

during time period 2.

With these variables, it is possible to formulate the
production planning problem that maximizes revenues net of
the production inventory and lost sales cost with interval
numbers as follows:

Maximize Z

-3000([d}:.d ]-u,,)+3500([df.dt ] -u,,)
+2000([d.d 5 | -uy, ) +2500([d.d 5 ] -us,)
+3000([d4.d 5 |-uy, )+3500([d.d ] -us, )
~1500p,, —1550p,, —1000p,, ~1050p,,
—-1500p,, —1550p,, —30q,, —=30g,, —20qg,,
—15q,, —25q,, —20q,, —100u,, —120u ,
~70u,, —70u,, —90u,, —100u,, (1)
subject to

8p,, +6p, +5p;, < [b“,b ] ®)

81, + 6Py +5py, <[ b0} ] (3)

4p,, +3p,, +5p;, _[sz],b } 4)

4p, +3p,, +5p;, < [l)zz,bf2 (5)

30p,, +50p,, +60p;, <[ bs;.bs) | (6)

30p,, +50p,, +60p,, <[bi.bh | (D)

2 —q11+u11=[d1ﬁ,d1’i ®)

g, Ppn—q, T, = [dm ] ©)

Do =Gy Ty z[dﬂ,dﬂ] (10)

Gy F Py =Gy Ty = [dzz,dzz} (11)

Py =Gy +uy, =| d5,.d3, (12)

G3 F Py —Gs Ty, z[d;z,dfz (13)

P11>P12> Pa1> P> P3i> Pao4i1-912> 901
Gy Gy Gap oty Upy Uy Uyy Us Uy 20 (14)
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5. The Optimization Approach

Based on the proposed approach of Jiang[8] for treating
interval number, we will treat the uncertainty of model
(1)-(14) as follows:

First: Treatment of the uncertain objective function

Let

p,q,u,d) = 3000([d1ﬁ,d1’i —u“)
+3500([d}5.d s |-u, ) +2000([d}.d3 |-u )

J-w)
+3500([ d4,.d3, |-u, ) ~1500p,, ~1550p,,
-1000p,, —=1050p,, —1500p,, —1550p,, —30g,,
—30g,, —20q,, —15¢,, =25¢;, =20g, —100u,,

—120u,, —=70u,, =70u,, —90u,, —100u,,  (15)
in interval mathematics, The uncertain objective function (1)

can be transformed into two objective optimization problems
as follows:

m(f (p.q.u.d)) =

+2500([d},,d, |-us, ) +3000([d3. 4]

%(] “(p.qud)+f* (p,q,u,d)),(16)

w (f (p,q,u,d)) = %(fR (p.qud)-f* (p,q,u,d)).(”)

where m is called the midpoint value, w is called the rad ius of

interval number and the two functions £ * and f %
given as follows:
L .
= d
f (p:q’uad) I{}’leanf (p,q,u,d) an
R
d ) = max d h
f (p’Q3u9 ) deDf (p,C],H, ) where

deD={d|d" <d <d"}.
Then
m=1500(d,} —u,, )+ 1750(d ~u,,)+1000(d} —u,, )
+1250(d 8 —u, ) F1500(d & —u,, )+ 1750(d s —us, )
+1500(d; —u,, ) *1750(ds —u,, ) +1000(d; —u,,)
+1250(d 3y —u, ) +1500(d%, —u,, ) +1750(d; —us, )

~1500p,, ~1550p,, =1000p,, —~1050p,,
~1500p,, —1550p,, —30g,, —30q,, —20q,
—15¢,, =25q,, —20q5, —100u,, —120u,,
—70u, =70u,, —90u;, —100u,;, (18)

w=1500(d % —u,, )+1750(d —u,, ) +1000(d; —u,, )
+1250(d 5y —u, ) +1500(d% —u,, ) +1750(d —us, )
—~1500(d: —uy,) = 1750(d s —uy, ) = 1000(d5; —u,,)
—1250(d}, —u,, ) = 1500(d; —u5, ) =1750(d; —u5, ) (19)

Second: Treatment of the uncertain constraints

The possibility degree of interval number represents
certain degree that one interval number is larger or s maller
than another. The set of inequality constraints (2)-(7) can be
written as

—8p,, —6p, —5py 2 —[ b.b}} ] (20)
8Py, —6P5, =55, 2~ b5.b}5 | 1)
—4p,, —3p, —5p; 2 —[bzl,b21 (22)
~4p,, =3Py, —5ps, 2| bhy.b3, (23)
=30p,, —50p,, —60p, 2=[bS.b5 | (@4
~30p,, —50p,, —60ps, 2 ~| bl by 25)

As in interval linear programming[18], the possibility
degree of the constraints (20) can be written as follows

P =
=811 *61721*517313{/71]'1 J’lﬂ

0, —8p]1 —6]721 =5p;, < _b‘L,’ (26)

— 6p21 _5p31+ blL]
_bﬁ +bILl

-8
al ’_b]Ll §—8p“

—6p21 5P31< bll’

1, —8p11—6p21—5p31 Z_bﬁ

> is the possibility degree of
=8p11=6p21-5p3 Z{blLl b ] 211 b v aes

the constraint (20). (< A, <1 is a predetermined possibility

degree level. the other inequality constraints are treated in
the same way. Then the constraints (2) - (7) can be written as

by, —8p, —6p, —5ps, 2 =4, (b -bS}) @D
b —8p, —6p, —5ps, =4, (ble —bé) (28)
by —4p,, =3Py —5py = Ay (b), —bs) (29
by —4p,, =3py —5py, = Ay (b3 —byy)  (30)
b, =30p,, —50p,, —60ps, 2 A, (b3, ~b3; ) GD
biy =30p,, =50p,, —60ps, > Ay, (by, —bi ) (32)

The equality constraints (8)-(13) can be treated as follows

L R :
d; <p,—q, +u, <d,, thatcanbe written as

P —9q,, tuy, Sdﬁ (33)
(34)

the other equality constraints are treated in the same way.
Then the constraints (9)-(13) can be written as

L
and p, —q, +u, 2d;

Gu + Py =4y +ity, <d (39
Gy + Dy —qpp tity, 2d ] (36)
Do = Qo Flly <dX (37)

Dot =Gy ity =2d 5 (38)

G+ Doy — Gy +llyy <d s (39)
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Gor Doy~ Ty 2d5 (40)
Pa1— 4y +uy, <dy) (1)
Psi =Gy +ls, 2d1 (42)

Qs+ Py —qs HUy, <d b (43)
Qs+ Py — Gy HUy, 2d 5 (44)

6. The Deterministic form of Problem
1)-(14)

The linear combination method[2,5,6] is adopted with the
mu lti objective optimization. In nulti objective optimization,
applying the linear combination method to integrate the
objective function is relatively easy provided that the
preferences of the objective functions are available. Then
two objective function (18), (19) can be written in the form
of only one objective function.

Maximize Z

=60000000 —750p,, =775p,, =500p,, =525p,,
=750p;, =775p;, =15q,, —15q,, —10q,, =7.5q,,
—-12.5¢g,, —10g,, =3000u,, =3500u,, —2000u,,,

—2500u,, —3000u,, —3500u,, (45)
subject to

8p,, +6p,, +5p;, <50 (46)

8p,, +6p,, +5p,;, <60 é7

4p, +3p,, +5p;, <400 49)

4p,, +3p,, +5p,, <400 49)

30p,, +50p,, +60p,, <50 (50)

30p,, +50p,, +60p,, <80 63))
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Py —4,, +u,;, <7000 (52)

P —94,, +u,, 25000 (53)

g, + D=9, i, <9000 (54)

q,,+ P, —9q,, +u,, 27000 (55)

Py =45+, <7000 (56)

Py —q, Hu,y 25000 (57)

Gy + Dy =Gy Fi,, <9000 (58)

Gy + Py =G4+, 27000 (59)

Py —q5 tuy < 7000 (60)

D3y =G5 tUy 2 5000 (61)

q3 + Py —q5, ity <9000 (62)

qs + Py —q5, Ty, 27000 (63)

P15 P12s P25 Pas P31sP3as 911591209215

Do s G315 505Uy Upy Uy Uy Uy Uz, 20 (64)

By using WinQSB package for solving this problem, we
get the optimal solution as follows:
Net revenue Z=$2,951,510

P, =2250 , p, =5000 , p,,=7000 |,
p;, =4000, g,, =4750, u,, =9000, u, =1000,
Uy, = 6700 and all other variables equal zero.

Table (8) shows the comparison between the results of our
approach which is based on uncertainty case and one's of
Stephen C. Graves approach[l] which is based on the
deterministic case.

It is clear that the results obtained from our approach are
better than the results obtained by Stephen C. Graves
especially for the objective function value.

Table 8. comparison results between our approach and one’s Stephen C. Graves|[1]

Results obtained from our approach

Results obtained from the model of Sephen C. Graves

Objective function value =$2,951,510

Objective function value =$2,386,693

Variables:

P, =2250. p,, =5000.
P, =7000. p,, =4000.
g, =4750. u,, =9000.

1y, =1000, 5, = 6700

and all other variables equal zero

Py =2273. p,, =8636, p,, = 7364,

 =3163,g,, =9000,g,, =1636

gy =5837.1,, =9000. u;, =1000,

Variables:

and all other variables equal zero
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7. Conclusions

In this paper,

However, as a point for future research, a comparison
study is needed between the interval and fuzzy programming
to tackle the production planning problem, where each of
fuzzy programming and interval programming are two forms
of uncertainty. This point for future research is to determine
which of interval and fuzzy programming is more suitable
for problem of concern.
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