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discussed in section 2. In section 3 4 we present
’ “ IK‘
Mode

and its modification are
version simplex method 1 solvin
R thep

process and effectively apply the modified

given in section §

Details of the simplex method
fqrmulations of the production
Finally the concluding remarks are

2.0 Materials and Method

Simplex Method and its Implementation

Step 1: Find t *lement. The

p he PIVOT element. The pivot element is that number which is at the intersection of working column (Wi
ative number .

\iiwnglmi))l'y7;1’;fr;:lgi)zkl:-?ﬁe;(()iun":| l’.\ the column with the most negative number 1n rhv- last row (if no neg

elements in the WC and f.()n.n',n-" 1at row by -1), excluding the last column. To identify the WR, consider the strictl posit
e ) atios with the corresponding elements in the last column, excluding the element in the Jac ,

and last column. The row that provides the least ration is the WR bl

S‘tep 2: Remove the basic variable (BV) in the WR and replace it with non-basic variable in the W(

Step 3: .('()nvcrt the pivot element to one by dividing all the elements in the WR with the pivot element. excludine

element in the first column. Then, reduce all other elements in the WC to zero by use of row operations e

Step 4: Repeat steps 1 — 3, until all the elements in the last row are greater than or equal to zero.

Step 5: The problem has no solution working if there is no strictly positive element in the WC or if artificial variable

Yar

of the final set of basic variables.

2.1 Modified Version of the Simplex Method (The Big M method)

If a constraint of an Integer Linear programming is strictly equal (=), we write the program in standard form by ad
artificial variable (AV) only. But if it is an inequality with greater than or equal restriction (2), then make it standard
subtracting surplus variable (SV) and at the same time adding artificial variable. The coefficient of the surplus variable in
objective function is zero, while that of the artificial variable is M, which is assumed to be very high and it is considered 4

(11)

penalty cost.
2.2  Implementation of the Big M Method
If the problem is written in standard form then the last row of the initial tableau is expressed in term of the big M, which
then broken into two rows; the first row contains terms independent of M and the second one involves the coefficients of ¥
Hence we apply simplex method as usual; : ' | i
(1) If an artificial variable leaves the set of basic variables, its entire column is deleted for further consideration
If the last row (for coefficient of M) contains all positive elements then consider second to the last row
identifying the Working column. Iterations are terminated if all the elements in the last rows are zero or  posii
The general production

2.3 Formulation of Integer Linear Programming Problems | |
The IP optimizes a linear objective function subject to a set of linear equalities or inequalities
planning maximization models is;

Model (P1)

OptimizeZ i ei¥ H:Cs
dubleet Yo
< - oh
by ki ¥ Biaks, 0. S i (N
/)‘xl+/)3‘l,’f +1’3,,1,,§R:
/,mlll 1 /)m‘\" t '+/mu n < Rm
X . )
/
J [, 28 - el i ST S e e
Where,
Objective function that maximized selling profits

X;= Choice varis *
)~ Choice variable (production item) for which the problem solved.

( Coefficie » / ' unc
j~ “oetficient measuring the contribution of the /’/l choice variable to the objective functions.

R =
y nstr; ”
istraint or restrictions placed upon the problem.

: W : y th
uring the effect of the " constraint on the ] choice variable.

b .
i = Coeffic lent meas

w09-418

Journal of the Nigerian Association of Mathematical Ph ysics Volume 39, (January, 2017),

410






On the U i
se of Big M Method. .. Kassim, Yusuf, Bolarin and Aiyesimi  J of NAmp

P;>¢q;,a, dand b, for(i= 1,2, 3) are known.

Where, the values for the variables 7
Thus, the model o
el developed above will pe used and from the available data; parameters would be substituted t get
the

optimal solution.

4.0 Hlustrative Problems

;\1].]. Cost Minimization and Optimal Control of Inputs
ational Research Institute for Chemical Technology (NARICT), Zaria produces four types of goods namely, belts, sands)
a budget of N100, 000. To engage in the production of these

boots and bags, the manufacture of these items is constrained by
abour and over-time. NARICT needs 5,000kg of raw materials, |

four items NARICT uses three resources; raw materials, |
ach of the four items. The resource requirements for each jte and

personnel and 250hrs over-time to produce 1000 units e

the cost are given by Table 1.

4.2 Proﬁt Maximization and Optimal Control for Three Inputs
NARICT 1s planning for production of three items namely; industrial boots, belts, and bags. The manufacture of each jgep
requires three resources. These raw materials are number of workers, overtime and varying stock. The amount of the thyee

raw materials required is illustrated in Table 3.the amount of available resources and the demand for each item e

represented in Table 4 and 5.
The cost of production, the unit stock holding cost, and the profit for each item in each time state is illustrated in Table 6

4.3 Solution of the Problems

Data Presentation T
We present a summary of data required for the problem in 4.1 and using model P1 we formulate an appropriate integer linear
programming and further solve it using modified version of the simplex method (Big M Method).

Table 1:Data of the Cost Minimization and Optimal control of inputs
Labour Over Time (hrs) Cost (P5

“
Items Raw Material (Kg)
Belts 500 15 40 5000
Sandals 1200 22 18 6000
Boots 1800 18 20 4500
Bags 1300 30 20 SOOQ : ; b
The problem involves determining the optimal production combination of these four items that will generate a min
i i imizati blem as follows;
late the mathematical programming and optimization pro
N A Subject 0 500, +1200%, +1800x, +1300x, > 5000
15x, +22x, +18x, +30x, >180 %
minimize: 5000x +6000x, +4500x, +5000x, 40x; +18x, +20x, +20x, >250
5000x, +6000x, +4500x, +5000x, < 100000
0zl :
ke gt have a reformulation

o the problem above and thus

We apply the Modified version of Simplex method (Big M Method) t
+MA +

follows; 0
minimize: 5000x, +6000x, +4500x; +5000x, +(0)y, +(0)y, +(0)y;

MA, + MA,
Subject to: 5000x, +6000x, +4500x, +5000x, + 5 =100000

500x, +1200x, +1800x, +1300x, -y, + 4 =5000
=180

15x, +22x, +18x, +30x, - y, + 4,
40x, +18x, +20x, +20x, - y; + 4 =250
X,y Xy Xy, Xgs Vs Vos ViBrs )i i U

Where,
Y155, 3 are surplus variables
Sl 1s a slack variable

4,4, A, are artificial variables.
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mary of Results of Cost Minim : SRFNNEP
2: Sum r_[}’__—__\lzanon and Optimal Cq
mle/- Basic Entering Basic mg;;a“H‘ml of Inputs ’
Variables | Variable | varjapy SN [ ST OB Pumstioa——
\ iy 4
LT | A % 4 (5000 aato_ | Value
i 7 5430
\
A, 180
-M\
A, 250
| S, 100000
7" 11 2 el
| [eration 2 X3 X % %5- Thmzn\*’*
3 i i
| 4 Bl e :
_'\,
4, 1750
9
\
S, 87500
| < 3 3
Teration X y X 1 2 ST s
‘ WALy d g 31
| 4, 280
| 31
X 75
31
s 66330.6
| Iteration X4 Vs %, % 150 45
T 14
1 A, 645
2 14
X I5
14
1 64285.7
Iteration 5
| Vs Y A2 150 1000 30
: A2 30
r 10
S] 50000
Iteration ¢
| V3 Xy Y3 &0 383 |0
¥, 1000
X; 12
| 40000
ll(‘ra['
fon 773 n 408333
4 6
y, 2150
Ko 1*
1 3
S| 59166.7
Da[a for Pr

able 3 ofit Maximization and Optimal Control of three inputs
\Refwdresources of production
Production output requirement

No Resources a;, Industrial Boots | Belts Bags
N of Labour 10 7 S

Ve
‘ "ar\:lr:ne ) 3 2
\% 10 20 30
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o0
pakZ: 4000000 — 30000 p, —20000 p, —30000p, —1000¢, —
2000g, —3000g; — 64000w, —43000u, — 66000,
10p, + 7P, +3P; <60
2p, #3p, ¥2Pps' 5 250
10p,+20p2+30p3S60 (6)
p,—q, +u, =500

4 5_[

Dy 4N =600
p,—q; +u; =500
Pnpz’pz’qxa%,q3,u.,u2,u3 >0

Now, using the modified version of simplex method, we reformulate the program as;

-84000000 — 30000 p, — 20000 p, —30000 p; — 1000¢, —

20004, —3000g; —64000u, — 43000u, — 66000u; + 0(s,) +

0(s,) + 0(s3) + MA, + MA, + MA,
st 10p,+7p,+5p; +5 =60
2p,+3p, +2p3 +5, = 250
10p1+20p2+30p3+s3=60 £
p —q, +u + 4 =500

max z

Pz"]+u3+A2 :600
pys—qs+uy+ 4, =500

pl’pz’psa%an,qsaupug,U3,S,,52,53,A,,AZ,A3 > 0

Where,
.5, 5, are slack variables added to the constraints with < sign.

4, ‘4:’ A3 are artificial variables added to the constraint with the equality sign.
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Table 7: A
Summary of results of Profit maximization and optimal control of three inputs

Basi g ;

asic Ente'rmg basic | Leaving basic | RHS Value | Min. Ratio | Obj. Funtion
. variables | Variable variable Yol
Iteration1 | ¢ 5

1 X, 53 60 0
250

fa.a

w2

60

PN

—_

500

600

SRS

500

Iteration 2 39 597 -60000

: 241

R%
£
N

2!

A1 500
A2 597
A 500

Iteration 3 x, X, Sl 39 6 --25731000

Iteration 4 6 347 -25980000

—______’___’———1
-25980000
Iteration 5 "

017, 409"
Journal of the Nigerian Association of Mathematical Physics Volume 39, (January, 2017),
416




on the Use of Big M Method. Kassim, Yusyf Bola

rin and 4iy,ci.
e SRR Alyesimi of NAMPp
on 6
(ration X e 300 ~44796000
S, 238
A 0
b % 294
Tt T
i 600
4, 500
e \\\
[ieration 7 X, 6 ~77796000
SEEEOIEEY "
52 238
\ ET—
X3 0
\ EE—
% 294
ENIESS e bl
i 600
500
ot
Xg
T
‘4" Discussion of Results
Hf)m the results obtained in problem 4.1 any short of supply of raw materials the optimal production wil] be significantly
‘T“Q@d. Therefore a raw Mmaterial combined in a proportion that gives optimal profit is essential
Milarly from the second problem 4.2 there is a holding cost for goods, the optimal production and profits is dependent on
the holding ¢ of the goods

» We observe that this is not of an integer form, therefore

he nearest integer values. The solution becomes {4, 0, 0,4}
latyre.

, this is because the program is of the integer
3}0 ehsyre that the production expenses and profits remains at optimum, the following should be considere
) )
iy %X 1000 units of belts and bags should be produged.
O units ots should be produced. T ‘ aw materials and
l' Drodumio“ of 0?{1 :f?g:]]qssarrrlisbtobe made (i.e. boots and sandals), ‘the most sensitive 1lr(xputtsa twém(;g}(; ifjt;dto i srereagony
Vil udget mygt be increased. The amount of output of industrial boots should be kep
D ust be incr :
s of ¢ lactory while other items should be kept constant at zero.
%) A
X s : i d distribution
Tm COnclus]on : ing to model various production an :
$ 1. . rogramming : g ! h (B
: : f integer linear prog : lex method approach (Big
Dmblc p:r h?S suc_ceeded s o t.h‘? SR l<s)0 demgonstrated how the modified ver'smr; o(f; lsi:tr;;pn 0 BIVion T finery
M Methg, }y ch arises in g 11v1nlg- ;’:;e :nd effective tool for obtaining the optimal s
"ogram.? COUld be used as a very relia
| o g problems.
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