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Question 1,

(ﬁph the linear inequality 4x + 8y < 16 ==-m-mmmmmemem- (D
Solution:
First, make the inequality sign an equality sign.
Therefore, the required inequality from (1) becomes

4x+8y=16

Then, the graph of 4x + 8y = 16 is the line whose slope is --'/, and y
interceptaty =2

The graph is given below in fig. (1)

Fig(1) 4

2*

4x +8y = 16

*(4,0)

Note: That the shaded part of the graph (fig. | ) denotes the set of poig
whose coordinates satisfy.

() .



4x t By - 16, This does not include the set of points on the line.

I'o indicate the set of points on the ling and below it, we write;
4x +-8y <16

And the set of points above the line is defined by the inequality

4x + By >8.

Question 2.

Graph linear inequality 2x +y<30 and x +2y < 50 on the same graph.

Solution:
Let2x +y <30:emamana- (1)
X+ 2y <75 wmmmomomeees (2)
From (1) 2x+y =30 --=--m-numn (3)
And from (2) x + 2y =50 ~=-m---- (4)

Therefore, from (3) putx =0, y=30
and for line 2x +y = 30, the coordinate is (0, 30)

and wheny = 0, x = 15 the coordinate is (15, 0).

Similarly, for line x + 2y = 50
Putx=0,y=15the coordinate is (50,0).

Now if we plot the coordinates for the two graphs, we have

Y,
Fig.2 A
3040, 30)
20
x+ 2y =350
:‘\j \ .
0 (15.0) (50,0) X

(Please make sure that you chose correct scale | unit represent 10cm on
y-axis and { unitrepresent 10cm also on X-axis).




Question 3:

An ammal food is to be a mixture of two stuffs, each unit contains
protein, fat and carbohydrate in the number of grams given in the table
below;

Table 1.
Food stutft
L 2
Protein 10 5
Fat 0.1 0.9
Carbohydrate 10 30

Fach bag of the resulting mixture is to contain at least 40 grams of
proteins, |.8grams of fat, and 120grams of carbohydrate. Graph the
system of linear inequalities, which shows the mixture that meets these
requirements.

Solution:

Since each unit of food stuff 1 contain [Ograms of protein and

each units food stuff 2 contain Sgrams of protein, and since each bag of
the mixture must contain at least 40grams of protein, one inequality
which must be satisty is

10X+ 5y 2 40-ommemn( 1)

where x denotes number of units of food stuff | in the mixture and y the
number of units in food stuff 2. Similarly, the other relevant inequality
are;

forfat 0. 1x t 0.9y 1 8reemmnmammmnmnan (2)

for catbohydrate 10x 4 30y [ 20-0weemnenen(3)

(4

We also have non-negativity constraints x 2 0,y = 0.

: we now need to plot on y-axis and x-axis, equations (1), (2) and

(3). Todo this, we have the following: frome(1) 10x + 5y =40
Such that if x =0, y = 8 the coordinate s (0, 8)
And when y =0, x =4 the coordinate is also (4, 0).
Similarly from (2), we have 0.1x +0.9y =1.8 ’
from this inequality, we have;
= 0.1/10x+0.9/10y =1.8/10
= 1/10x+0.9/10y=18/10

= [0x +90y = 180.

When x =0, y =2 the coordinate is (0, 2), and wheny =0,x = 18 the
coordinateis(18,0)

Also, from (3) we have: 10x+30y=120

When x =0, y =4 the coordinate is (0, 4) and also when y =0, x =12

The coordinate1s (12, 0).

(3)



What to do next is to plot the above coordinate on the same graph. Such What is the optimum?
that we have as follows;

' Solution:
Fig. 3 Letx, denote the number of units of foodstuft I employedl

and let x, denote the number of unit of foodstuft2 employed.

P 10k + By =40 o 3 . -
. The objective function to be minimized is defined by

C = 60x, +40x,
The none negativity constraints are x, =0 where j= 1, 2.

b 10x + 30y = 120 . ;
The structurer constraints are;

»  No of units of food stuff 2,

10x1 +5x2 =40

» 10x + %0y = 180

10x1+30x2 =120

v

4 12 [
» No of units of food stuft 1.

0.1x1 +0.9x2=1.8

e i . . G . From your lecture, pick out the visible region and use the
li‘ h(: pmlt}?n .o‘i ch@ gl aph, which l%cs above and to the right of the heavy coordinates to determine the minimal cost.
inc, indicates those mixtures, which meet these requirements.

Question 4. o . Question‘S.

The manufacturer of animal feed described in question 3 above seek to

dﬁ:tclrmme the .Comhination of food stuff | and 2 will satisty the specified A firm is planning production for the next week. Itis making
utrients required at the lowest possible cost. Assuming that cach unit of

P two products X and Y, each which requires certain foundry,

machining and finishing capacities as shown below;

The following number of hours is available.

(6) = {7




Table 2.
Hours Per Unit
Product Foundry |{Machining [Finishing
X 6 3 4
Y 6 6 2

In each arca during the week planned

Foundry 110
Machining 150
Finishing 60

Sk the systens of lincar inequality, which shows the quantities of X

ana ¥ thai can be produced.
subntion:
since product X and Y each required 6hrs of foundry time for

zach unit produced, and since there are 110 foundries available, the

totad amount of the available foundry time, which is utilized, must satisfy
the relation;

Where x represes the rumber of the units of products X processed

Andyrepresent the number of the units of product Y.

(8)

Similarly, the relations pertaining to machining and finishing capacity
are respectively given as:

3x+6y £150------acnmmm- (2)
and 4x +2y £60-wmmrmmmemmmaaen (3)
Note that in addition to the production constraints indicated above, there
are two additional conditions that any output combination must satisfy,
i.e. the none negativity constraints x >0, y >0 (production cannot be

negative).

Now, solve and plot this constraints or the three incquality on the
same graph as follows;

From 6x+6y=110

Put x=0y=18.5, the coordinate is (0, 18.5)and fory =0

X=18.5,thenthe

coordinate1s (18.5,0)

Also, for3x +6y=150

Put x = 0, y = 25, the coordinate is (0. 25) and fory = 0, x = 30
coordinate is (50,0).

And fordx+2y=60

put x =0, y =30 the coordinate is (0,30} and for y = 0, x =15
the coordinate is (15, 0)

(9)



Neat plot the above coordinates onyour graph Y-X-axis, We have;

P 4x+ 2y =060

20
< 3x+6y=150

101

No of units of product Y

e X+ oy =110

v

D Civ 20 30

- No of'unit of product X
{drawing not to scale)

I'he shaded portion of the above shows that output combination
?%atxs‘fymg all restrictions. Note that in this problem, machining capacity
s not a reality, a constraint at all; i.e. my output combination, which
satisties the other two constraints, will also satisty machining capacity.
Question 6
Now assuming the above question (5) seeks to determine the

Combingtion of product X and Y, which 1s most profitable. [f for instant
each unitof X |

(10

produced resuit in a profit of #7 and each unit of Y result in aprofitof#3
what is the optimum combination of products to produce?
Let x, represent unitof product X produced and

y, represent unit of product Y produced.

Therefore, the objective function to be maximized is defined by
P=2x+3y
The non-negativity cogstraints are:
x Dy 0.
The struetural constraints are:
6x + 6y = 110
3x+ 6y < 150
4x+2y 60
To determine the optimum combination of products, we must first
determine which combinations of the two product x, y are capable of
being produced i.e. which combinations satisfy the non-negativity and
structural constraints. The shaded region, called technical teasibility

polygon or feasible region i.e. from the graph, the visible region Is given
by Fig. 5.

(N
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Fig. 8
{G, 15)
A e oordinate (x, y)

C (15 0)

D (0. 0) “oordi
Coordinate {x, v)

C'oordinate (x, y)

Check these coordinates from the graph use their value to determine
the optimal combination for x and y. (Next question will give detail
about how this can be worked out).

Question §:

A manufacturer is producing two kinds of petrochemical product A and
B. The profit per gallon of Ais #2, and that of B is #3. Restricted supply
of crude oil forces him to produces not more than 3 million gallons of
petrochemical products in one production period. Limited processing
plant shows that 1- gallon of A uses 1 unit and I gallon of B uses 3unit
and there are more than 4 mitlion units, available, Formulate the problem

(12)

-

inform of Linear Programming and obtain production schedule which

maximizes the manufacturer profit.

Solution:

Let x be the quantity in million gallons of product A the
manufacturer can produce and y be the quantity in million gallons of
product B the manufacturer can produce.

Theretfore

(1) The objective function is
Z=2%+3y0.6.
Max Z=2x+3y

tu)  Thelimitation the manufacturer is facing
The 1" limitation, since he cannot obtain more than three million

gallons i.e. he can't use more than this. Therefore the 1 constraint

is the Crude Qil Limitation, what this is saying is

X +ymustnotbe more than 3 million gallons

=  X+ty< 3o ———=ie-=(1)
(Crude Oil Constraint)

Fhe 2™ Jimitation is the plant limitation. which is the 2" constraint i.c.

cvery gallon of A will use one unit of the processing plant and similarly
lor B, will also use 3 units of the processing plant, and that both cannot

use more that 4 million units.

(13}




And that the maximum he can produce is 0.
— X =0,y=0;itimpliesthathe nevercan produce negative units.
Whence, the above equations are the model, whichare to be solved
we have as follows

max 7 = 2x + 3y subject to the following constraints

X YL Jormmmmens (1)
Xty € Goomeme- (2)
xz0.y=0

now use graphical method to solve theabove

First plot your constraints with their respective coordinate
From (D)

e, xty=3
put  x=4, y =3 gives (0, 3)as coordinates
And if y=0, x = 3 gives (3, 0)as coordinates
And from (2)x +3y=4

Put  x-0, y=4/3 gives (0, 4/3) as coordinates
And ity 0, x =4 gives (4, 0)as coordinates
If we now plotall these coordinates on agraph,

i We have; in fig 6 as follows;

(14)

3% (0, 3)

B X+y:3

=
_

Al B3 4
(0, 0) (3.0 (4, 0)

(0, 11/3)D1
C 2%, %)

« X +3y=4

)

Now for line x + vy = 3, and x + 3y = 4. choose a point below the line
within the shaded area which must satisfy the inequalities (1.e. the two
lines). Any point of such within this region is called the visible point and
the region is called the visible region. Thus, we say that the visible region

is those regions that satisty any of the equations.

(13)



. You can take the visible points out by drawing the polygon with their

respective coordinates as follows.

Fig. 7
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The visible region

Now, what you do is to find the value of your objective function i.e.
the profit (i.c. what will maximize the manufacturer profit).
Using your objective function Z = 2x + 3y
Therefore. for coordinate (0, 0). that the manufacturers is not
producing anything i.e. No profit i.e.

7 =2(0y + 3(0) = #00

For (0, /) coordinates there are only /. B produced.

(16)

and Z=2(0)+3 (1)
=4
Z=#4million
For (3, 0) coordinates only 3 0of Ais produced
AndZ=2(3)+3(0)
=6
Z=4#6 million
For (*/,,'/,) coordinates, /, of Aand '/, of Bis produced. AndZ= -
207)+(3) () =6.5million
Le. Z=#"/, million is realized.
Therefore, from our analysis, we shall advice the manufacturer that for
maximum profit he should produce */, million gallon of A and '/, million

gallon of B.

Question 8;

A manufacturer is going out of business. However, he has two
contractual agreements that must still be fulfilled. One agreement
specifies that customer. A must be supplied, daily, at least six unit of
product X and Y combined. The second agreement specifies that
customer B must be supplied daily at least eight units of product X and Y
combined. Graph the system of inequalities which shows, which
output combinations, satisfy these requirements. Assuming, now
that each unit of product X requires | man-hour and that there are
only 20 man-hour available daily.
(17) :



Show which output combinations satisfy the requirement. Finally, if a DUALITY THEOREM:

union rule prohibits the employment of less than 8 man-hours daily. Corresponding to any L-P problem, their exist L. P problem called '
Show the feasibility output combinations. the DUAL of the original problem.
Solution. ‘. The original problem is the PRIMAL. For instant if we have the
S primal i.e. original problem
(1) SRR 7o (h max Z = ¢x (objective)
G Kt ¥ip S (2) stAx < b -
X+y>14 X =20 (constraint) non negative
- >y 2 ;4—x __________ (3) ; Therefore, our DUAL will be
and  x-+2y=20 Min Z=yb
) SIYyA =¢
= y=10 V... (4) ' y -
and x+2y=8 I Questions on Primal and Dual (9):
R R (5) i An engineering firm engaged by management of Nigerian port
Work out the coordinates of' (3), (4) and () plot them as tollows:  Authority called NACO. To produce five types of products X, X., X, X... X,
Fig. 8. g by using two products processes (grindings and drilling). After
161 deducting raw material cost, each unit of product yield the following
12 profit.
Table 3.
8 :
% X X, %, X
4 500 600 | 350 | 400 | 200
Grindings 12 20 - 29 15
0 Drilling 10 8 16 - -

(18y (19)




In addition, the fuel assembly uses 20 hours i.e. labour. The factory has 3
grinding machines, 2 drilling machines and works 6 days a week with 2
shifting of 8 hours each day. 8 men are employed in the assembly each
working hours shift day. Now the problem is find how the factory will
maximized profit and minimized cost using primal and dual

respectively.
Solution :  From above we shall sce that the total number of hour

avaitable for grinding machine is
3x 6x2x8=288hours
And for Drilling Machine, we have
2 x 6 x 8(2) = 192 hours
And the number of hours available since he employed 8 men
cach working (or 8 hours for 6 days gives
8 x 8 X6 =394 hours or 4 x 2 x 8 x 6 = 394 hours

Therefore, our primal problem would be the objective function as

follows;

max Z=550_-+600,+350,,+400,,+ 200,

8.4 12, +20,+-~+25,+15,< 288
10, +8,+16,+-<192
20,,+20,+20,+20,+20, <394

L . %, X, X, X, X:z 0

and in matrix form we have
Max (550,600, 350,400, 200)

(20}

i -

s.t.

Now suppose an accountant wants to value each of the available
resources (grinding, drilling and labour) this constraint was derived by

12
10
20

20 - 25
g 16 -
20 20 20

288

192 .

394

finding profit for contributions of each of the factors for each unit

produced.

Thus he will attach to each factor what we call shadow prices. (The

Dual).

Min= 288y + 192y, + 384y,

S.t

20y, + 8y, 20y,

12y, +10y,+20y, =
p-d

16y,+20y, =

239+ 20y'3 >
[Sw+2093 =

And its matrix form is ,
min (288,192,384)

st

r12

20
25
¥15

550
600
350
400
200

(y,y,y,are cost)

10
8
16

80W

20
20
20

20

(Remember that dual of the Dual is the primal).

2

r5 501

600
350
400

200/




Question 9:

Change the Primal problem to Dual
max Z=2x,+ 5x,

s.t X, T2x<4
4x1+3x2 <12
X z0,y,2 0.
Solution:
The Pualis:
Minimize 7 =4y + 12y,
8.t y,+dy, =2
2y, +3y, 23
xl 2 03 YQ 2 0
Question 10:

Graph the following systems of linear inequalities:

(a) X <3

(B) xy<2

(c). x>0

5 (provide solutions to them).

(22)

gt e . e 1 el e

Question 11: ‘
If a person must have at least 900 units of vitamins and 1000 units

of calories per day, express each condition as a linear inequality
and determine what could constitute an acceptable diet. Graph the
inequatities. (Hints: Let X be the number of units of vitamins
needed and Y the number of units of calories needed)

(Provide solution.)

Question 12:

To meet a budgetary limitation an executive can hire not more
than five secretaries and at least seven sales men. Write a system
of inequality expressing the permissible combinations he can hire.
If he must have at least one secretary, indicate the domain and
range of the relation involved. Graph the system of inequalities.
(Provide solution.)

Question 13:
Determine dlrectly from fig. 3 which of the fo]lowmg
combination of food stuff meet all requirements. Indicate, for
those combinations which do not meet these requirements, which
of the constraints are being violent; if the figure is not sufficiently
clear for this purpose refer to the relevant equations:

(ay x=2,y=1

(b)y x=2,y=3

(¢) x=2,y=5

(dy x=10,y=1

(&) x=1,y=3

(Fy x=3,y=1

(g) x=14,y=05 (Provide solution).

(23)



Question 14 .

A firm produces different models of a product, model 1 and
model 2. Each model must complete one unit of model 1, the
drilling machine must work 2hrs and the lathe must work
4hrs; to complete 1 unit of model 2, the drilling machine and
the lathe must work 4 and 2hrs respectively. A strong union
enforces the rule that no machine may be operated more than 12
hours per day. Graph the system of linear inequalities which shows
the combination ofthe 2 models; which can be produced daily.
(Provide solution) '

Question 15

A manufacturer chemically processes bauxite ore into
product X and Y. Each unit of product X contains unit of
ingredient A and 1 unit of ingredient B. a costumer desire at
least 9 units of ingredient A and at least 18 unit of ingredient
B, and he does not care how many unit of product X and Y he
receive in order to obtain the specified amounts of 2
ingredients. In order to process the 2 products, the
manufacturer must bake product X for 4hrs and product Y
for 1 hr. he has only 24 furnace hour available each day,
graph the system of inequalities which show the
combination of X and Y which will satisfy the customer and
still not exceed the available furnace capacity. (Provide
solution).

Question 16

' A big of fertilizer requires at least 6 units of ingredients A and at
least 8 units of ingredient B. This fertilizer can be manufactured
by mixing product X and product Y, former product contain 2
units of ingredient A and | and 3 of ingredient B, while the later
contain 1 unit of ingredient A and 3 unit of ingredient B. Graph
the relevant system of inequality and shade the portion of the
resulting figure which represent feasible combinations of X and
! (Provide solution).

(24}

Question 17
A firm has 2 plants, A and B. Plant A has the capacity to produce 80

units daily, and plant B is able to produce as many as 400 units daily. The
firm has 3 warehouses, W,, W,, and W, which must recejve respectively,
300, 400 and 500 units daily. The cost per unit of transporting from the 2
plants tothe 3

Table A
Plant | Warehouse
] A 1 [ 2 3
#4 CO#S #8
”.B #6 | #3 ‘L #5

Warehouse is given in table A. How much should each plant ship to each
warehouse for total transportation cost to be minimum? What is the
minimum cost? (Provide Solution).

Question 18

Alamtex group manufacture 2 types of set, half-upholstered and full
upholstered. The contribution per unit to profit is N80:00 for half-
upholster N90:00 for full upholstered. The amount of materials needed
per product and maximum available materials are given below;

Table:

( S e e

* Product ~ Unit ofM_aterizilg "
Half-upholstery : 2 2 ’ 5
Full-upholsterey & 4 ‘ 5
Maximum Available! 12 ! 24 i{ 36

(25)



i ' | f each should be
Use graphical method to determine _how'many 0 \
lﬁl‘(:dl,zvaeg by Alamex group 10 maximize his profit and determine the
maximum profit. (Provide Solution).

Question 19 _ B
A gambler with N2:00, makes a series of N1:00 bet. His probability of

winning N1:00is 2/5. He either wins NI :00 or loses N1:00, he decidedll:o
quit the game as soon as he gains N4:00 or loses N2:00. Let X, be the

amount he is having at time n. Write down the one step transition matrix
for this process.

Solution

Let X,= N2:00
i e the initial take off. And the sample space = (0,2, 3, 4)
i ¢. the set of possible values of X, (Result).

Where P j + 1 = 25-wmmmmmmmmmmmmmmnees ()

Pi-1-3/5icj#0.
P, 1
j =0, 4 or 0 (elsewhere)

The state space: ONE STEP TRANSITION MATRIX of the mark ov
chain is given below;

Table 4: . .
~J S| ] L2 3 } 4
! T
!
0 Cen o @n  ©) 03 09
o) | | | (2,0) 2, (2,2) } (2, 3) 2,4)
3 G0 G G G 69
(26)

4 (4,0) 4, 1) (4,2) (4, 3) (4, 4)
j

i 0 1 2 3 4
g 1 0 0 0 0
1 3/5 0 2/5 0 0
2 0 3/5 0 2/5 0
3 0 0 3/5 0 I
0 0 0 0 0 |

Question 20

In the month of January Y2K the companies A, B and C share equally in
a local market from month to month. A retained 60% of his costumer
gain 10% of B's costumers and gains 30% of C's costumers. The
company B retains 70% of its own costumers, gain 15% of A's
costumers and gains 15% of C's costumers. The company retains 50%
of his its own costumer gains 30% of A's customer's and 20% of B's
costumers. You are required to;
(i)  Write down the transition matrix of the brand switches amon g the
companies. '
(i) Determine the market share in March 2001.
(it}

Determine the market share for A, B and C, at a steady state
Condition. :

(27)




Solution;
The transition matrix of the brand switches among the companies at
the stable state is given by;

A B C
A 0.60 0.10 | 0.30
B 0.15 0.70 0.15
C 0.30 020 | 0.50

(1) To determine the market share in March Y2K 1.
17, the transition matrix is;

0.16 0.1 0.3
0.15 0.7 0.15
0.3 (.2 0.50

Since the three companies enjoy equal market share, their
prebability are;
33/ %
33/ %
33'.%

. Market share in January is;
-
0.6 0.1 053 0.33

0.15 0.7 0.15 0.33
50'3 0.2 05 0.33

0.6x033+0.1x0.33+0.3x0.33
0.15x 033 +0.7x0.33+0.13 x 0.33
03x033+02x033+05x0.33

[ 0.198 +0.033 +0.099 0.33
0.050 +0.231 +0.0350 | = 0.33 = A
L 0.099 +0.066 +0.165 0.33

And market share in February is;
0.6

(28)

06 0.1 03 "~
0.15 07 0.15] =] A
03 02 65

\f]. 0 } L

- r ‘
06 01 03] [033 0.33
015 07 015 o33} =]033| =B
03 02 05 (033 0.33

And in March 1s,

-
0.6 0.1 03

0.15 {)7 ]IS = B
0.3

=
06 0.1 03
a.1s 0.7 () 1
03 0.2

(i) To determine the market share for A, B and C at steady state condition is;

.6 (0.1 0.3 A A
0.15 0.7 0.15 £3 = 13
{3 0.2 0.5 A C

Fron here you need 1o form three equations as follows;

0.6A 018 4+ 0.3C Y (1)
0158 + 07B + 0.1C = Be—ee- (2)
03A  + 02B  + T TET B G R — (3)

And solve for A, B and C.

Question 21

Assuming that Alamtex group of company produced two types of car
products K(Toyota car) and another H(Honda Accord). C urrently, the
market for these products has 60% and 40%, share edch respectively. In

(29



the process some switches takes place, of those who bought K the
previous week, 70% buy it again, while 30% switched to H of those
bought H the previous week,80% buy it again while 20% switched to K.
determine the share of K and H after two weeks and after a long period.

Slution .
First the stable state for the switching is;
Table:
K H
K 0.7 0.3
H 0.2 0.8

Secondly, you are to determine the transition matrix P,
] ) rr

e P = 0.7 0.3

0.2 0.8

e

Thirdly, determine the market share;

Le. M

Fourthly, market after 1™ week = P M.

PM =107 0.3 (1.6 —107x06+03x04] = J0.54
0.2 0.8 0.4 02x0.60+08x04 044

To determine the next week i.e. the 2™ week we have:

0.7 0.3 0.54 = LR
0.2 0.8 (.44 .46

for long period, the market share would be;

0.7 4.3 G |= |G
0.2 08 A A

0.7G + 03 = G mememmimmmmnmemmmees (1)

026 + 0.8A= A—————rermeenemrmones (2)
LE TG+ B3R & 00— (3)
2G+ 8A = 10A-rmemooomoome 4

Now solve equations (3) and (4) simultaneously and get G terms of Aor A
in term G.

Question 22

Two local media station A and B, are in competition for Southwest
audience. A is within a week able to retain 80% of its audience and
captures 40% of its audience and captures 20% of the audience of A.
what proportion of total audience will eventually be for A and B
respectively. .

Solution:
First, the probability matrix is given as follows (for the southwest).

A B
P=| [A 0.8 0.4
B 0.2 0.6

The market share is 50% each.

=3 A=50%
and B = 50% because they have equal share of winning.

Now the Vector Matrix is;
8 4 AY = A
2 6 B B

But

3



Therelore, for A, A =2/3. Verify this,
Lo from above

08 A + 41 - A = A
such that A=,

Similarly for B

Since A+ B = ]
and A = - B

we have |

0.8 0.4 [ - B I - B

0.2 0.6 13 B

- 02 (1 -B) + 6B = B
B =

Question 24 a

A praject has the Tollowing characteristics

Activity Preceding Activity
B.C.D A

E ind I B

G E

H F

J C

K D

l Gand H

I, [.Jand K

Draw the network {ur the project
Solution;
N

(‘onsider the following activity for the excursion of a particular
project.

Activity Preceding Activity
A .

B .

C A

D Band C

E B

Draw the network diagram for the project

Solution: O——0)

NII o,

Note:
The dummy activity is used solely to show that D must follow B as well
hecause these activities should not be drawn between same events.

Question 25:
Draw the network diagram of the following project.
Activity Preceding Activity

A B

B .

C B

R C.A )

P R

N p

Q B

M QN

(33)



Solution:
N1

(O—B—

Question 20

Project XYZ of Building a Boat is given as follows:
Preceding Activity  Activity Description

Activity
A

13

C

mast

k3

-
o}
-

MmO >

b

i

D

H.
_l
M

O, K

Draw network {or the system above.

N Y
F

Design Hull
Prepare Boat Shed
Design mast and mount

Obtain Hull

Design Sails

Obtain mast mount
Obiain mast

Design Rigging

Prepare Hull

Fit mast mount to hull
Step mast

Obtain Sails and Rigging
Fit Sails and Rigging

Question 27:

I'he management of a company has been asked to present a network
diagram of the preparation of monthly budgetary control reports, in these
report the actual cost of direct material and labour the mouth are compared
with budgeted cost and an analysis of idle machine time during the month
is also prepared. The individual activities required to prepared cach set of
monthly reports as follows.

Activity Description of Activity Duration
A Complete the costing materials 3
B Analysis material cost into direct and indirect cost 2
C Complete the costing of labour 3
D Analysis labour cost into direct and indirect cost 4
E Prepare a list of machine stoppages 3
F Analysis machine stoppages and breakdowns by cause 5
G Establish the base for altocating direct wages

and material cost of production 6
H Divide the annual budget into monthly calendar periods 8.
1 Prepare a summary of direct wages and material cost onto

control sheets 4
! Analysis Variances 2
K Complete draft variance reports and idle time analysis '

Reports. 3
L Type report 2
M Photocopy and distribute report 1

You are required: to draw a network of the events and determine the routes
through the network.

Solation:

In this case, activities A, C, E, G and H can all be started straight away
because non is dependent on the completion of a previous activity. Below
is the summary.

(35)



Artiviiy receding Activity Question 28:

A Activity Preceding Activity Duration (weeks)
{ G : A = ; 35

I - 13 - 4

i = ¢ A 2

I - B B ) !

It A I B 5

¥ : F B 5

| B.D&G E g e é

J land H _

@ Jand F Require: What is the critical path and its duration? (Provide solution)
l K

M L Question 29:

Calculate EST, LST, EFT, LFT and D where D = activity duration in a
The Network Diagram is given below: table Question 20. (Provide solution)
NV
Question 31;
Below is a list of activities involved in the construction of a bridge in
weeks
(i) Draw the network of the activities
(1) Determine the critical path

(it}  Calculate the variance and the standard deviation
Activity Duration Intermediate predecessor
(1, 2) 4 - -
Note: _ » 2, 4 o (1.2)
{a) Duration time for cach activity are shown against the activity 2, 3) S : (1,2)
(arrowed on the diagram). ' 2, 5 6 (L,2)
{b) The length ot each arrowed line does not in any represent the 2, 6) 15 2.3) 2 4 06, 4
duration of the Activity. 3, 3 9 (2,3) (2, 4
(¢) Thereare 5 routes through the network. (5, 6) 12 | 23) @ 5
(iy A B E J K L M 6, 7) 8 (4.6) (5, 6)
() ¢ D I I K L M (Provide solution)
Giy G 1) K L M .
(v H 1 K L M fint: o |
{(v) E F K I M : se normal example and determine the EST, LST, EFT, LFT and the
critical path.
el (37)




Question 32:
Detine the following teem associated with network analysis

(1) Total {loat

{11} free float and

(111) Independent float
Selution:

(i} Total float for any activity is the amount of time by which its duration
could be extended betore it become critical. This is the same, of course,
as the amount by which its duration could be extended without affecting
the total project time. The effect on the tume available for procecding
and subscquent activities is ignored, mathematically the total loat is
equal to the Latest Tnished time minus the carliost slarting time, minus
the activities duration. That is total Hoat T =1.FT EST D.

(i) The free Moat ol an activity is equal to the amount by which its duration
can be inereased without alfecting either the total project time or the
ume  available  for subsequent  activities, Preceding  activities  are
ignored. Mathematically free Moat is cquat 1o the carliest tinishing time
minus the carliest starting time minus the aetivities duration e free
Boat (K1Y - LT EST b,

i) The independent float is the amount the duration of activity could be
extended without atfecting the total project time, the time available for
subsequent activities or the time available for preceding activitics. The
independent float is a sub-division of the free float. Mathematically,
mdependent loats equal carliest finishing time minus latest starting time,
minus activity of duration i.c. Independent fTodat IF = EFT-1.8T-D.

Question 33:

ALAMTEX GROUP is planning the annual shutdown of its furnace for
nantenance purpose. The shutdown has 6 phases and the estimate normal
e are as folJows:

Phase Preceding activity Normal days taken
A - 8
3] - 4
¢ B 2
D - 4
B ALCD 3
F I 3
RS

Required: Calculate the minimum time required for the shutdown and state
the critical path. Calculate all the loats.

NVI 4

C -
8 11 14
' @t O —E ()
4 g 3 3
0 B [
P
C
4
O
6
Solution:

The minimum time for shutdown is 14, There are 3 routes through the nerwark
Theyare

(i) D, Dummy, E, F

{in) A, E. E o
(111) 13, C, E F ofthese the critical route is AEE. The {loats
could have been caleulated as follows:

Activities LEST LST EFT LFT D Total Float Free float
{4y (i) (i) (iv) (V) Gv-l- vy (- ) - (v

A 0 0 8 & 0 0* -

B ] 0 4 0 4 2 4 -

C 4 6 8 8 2 2 3

D 0 0 8+ 8 4 4 4

E 8 8 11 11 3 0* i

ol 1 L1 14 14 3 0* -

*Critical activity
+ lor activity D; the subsequent dummy activity should be treated as an
extlension of activity and the BFT of D day 8, not day 4.
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Question 34

A project consist of the following activities and time estimate. Time estimate
(weeks).

Predecessor Successor Time Estimate
Weeks

Events Events to tm tp
1 2 4 8

12 3 8 11

12

1 4 8 : b4

24

2 5 5 9

10

3 + 2 6

8

3 5 2 4

b

4 5 6 10

14

S 6 ] 3

6. You are required to:
(1) Construct the operational network.
(2) Locate the critical path
(3) Explain the importance of critical path analysis
(4) Calculate the mean and S. D tor the critical path . .
{5) From the distribution what is the probabilities of completing the project
in more than 3 weeks (31 days).
(Provide solution).

Note that important of PERT is its ability to handle uncertain i.e. events that
are probability in nature,

Question 35 a

Explain the following in detail with example.
(1) Transitton matrix

(ii) Stochastic process

(iili)  State space

(40)

tiv)  Independent Increment (both stationary and homogenecous).
(v) Weiner process
(vi)  Markorv process
ivil)  Markorv chain
(Provide solution)

{Juestion 35 b
A developer is to develop and market a new fertilizer, which is to be

mixture of two ingredients X and Y: The properties of the two ingredients
are

CALCIUM  NITROGEN LIME PHOSPATE
COST /M '
mgredient X 20% 30% 40% 10% #12
IngredientY  40% 10% 45% . 5% #8

Has been decided that:

(1} The fertilizer will be sold in bags containing a minimum of 100kg
(i) It must contain at least 15% nitrogen i

(i11) It must contain at least 8% phosphates

(iv) It must contain at least 25% calcium.

vou are require to determine the amount of ingredient X and Y the

manutacturer should produced in order to meet the above requirement at
ihe minimum cost.

Solution
Let X, = Kg of ingredient X
X, =kg ofingredient Y
Thus the LP model
The objective is to minimize

12X, + 8x, {cost)
Subject to the folwing constraints :
Xy F = =

100 (Weight Constraints)
15 (Nitrogen Constraints)
0.1x,+ 0.54x, - 8 (Phosphate Constraints)
0.2x,+ 0.4x, = 25 (Calcium Constraints)

%, % 0 (Non Negativity) i
(41)
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three perhour,
Cuslomers needi 5 Servi '
: ; ; Qll]”[hlhh" SCArrTIved ar >
o el & this ervice am\ui.dl the company at the average of two
(‘(,'l‘ i ; L[u)mp]dny studies the queuing models and feels that all condition
sigle channel mode are met. Caleulate icalk vz
o single ch o we met. Caleulate the numerical values of the
perating characteristics, |

SOLUTION:
Let = 2, Cars arriving per hour
# = 3, Cars served per hour
Yy - O g i
P=/p - 273 (Probability that the server is busy)

(0 p,~Ip /= 13=033(pr i
" 33 (probability that arc 0 cares i
o] ¥ cares in the
2 Pl ey me SET R e :
i:) MP{ I-p S /5! /= 2 (carsine the system on average)
G AU =)t 273) = dhr (hours that an average can speat n the

system)

| P = %4 = = 40.mins-
(l-pu (1- %)

P = (%f = Y
l‘p 1—2/3 1/3

3
(Car waiting in line on average ).

- 4 =133

0. o= = 1 3
L-p l- 24 3

(Car wailing in line when there is queue).

Cruesiion 37:

\1a ool service center the arrival is two hour and the service potential is

thiree per hour. The houtly wage paid to the attendant at the service center is

150 per hour and the hourly cost ofa machinist away from work is#400. you

srerequired tos

(1) Caleulate the average number of machinist append wailing or wailing to
be served atany given time.

() Calealaie the average lime a machinist being served for service.

(¢) Caleutate the cost of the system if there were two attendants working
together as a team cach paid #150:00 per hour to serve an average of two
customer per hour.

Solution:

() Acrival rate is = 2. since rate is p =3 then = /pn="1,

Average nwnbcr af m%ch e jl}SLhc;Q/stcm in the system 1s
(l-pyu 1-1%'4

P = p
(I-pu L-p

d —

(h) average time gpent in the queue is
=2x A= "3h

(¢} Attendant wage for an 8 hours day is #(8 x 250) = #1,200. on average
there are 2 machinist in the system through out the day so, 2 x & = total
cost of waste ol lime is 400 x 16 = # 6,400. hence that total cost of
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P

operating this for an 8 hours day is =N=1,200 + #6,400 = #7,600.

(d) Thereisasingle Channel system since the attendant work as ateam. The
Effective service rateis4 per hr,
Thus; =2 =4

A

p=/u=2/4=

p = B ]/-/2_ == I/Z = 1
The average Numberinthe systemis =1-p -

Now wages for an 8 hours day are =N= (2*8*150) = #2400. each cost #400
so the value of lost production = =N= 400* &= #3,200. so total cost of
operating the system 1s #2,400+#3,200 = #5,600.

{}uestion 38:
AT ALAMTEX SOAP FACTORY, material arrives on the goods in games
section ol the Tactory at an average rate of five loads per hour. The material is

handled by a folk 11t which has an average load of seven loads per hour.
Management reguires to knows:

{11 The average number of loads at the section waiting to be moved when there
s aqueue.

(h) Theaverage length of times an arrtving load spent waiting for service.

{ey What s the average service rate must be in order to reduce the expected
Waiting time to 20 minutes for a load.

)
(a) A=5 n=7 => '—""A/p =5/7
Solution:

Average number in the queue when there is a queue is

1 = | 1 =35
] - P | - S/U 3/7

That 1s, the average number of loads to moved when there is a queue = 3.4
{a) Average time In queuc

D 39 = Y1y

. bt =214
(1- piu {1~ ¥)7 14

That is, the average time an arriving loads waiting for service is 21 4

{44)

PFITIENNY

nnutes

tv) Let the avérage service rate needed in order to reduce the waiting time
To 20 minutes

= s
i1¢.1/3) be x. then we have; (Ti%i_ (17
5
x(x-5) = I
e X-5x15=0
0x=5EVIS 460
2 =  5%92195

e

[ he negative value s meaningless in this context so x = 14, 2195/2 = 7.11
I'hat is, the service rate must be increased to 7.11 per hour.

Question 39:

I three channcl system, the rate of service at each channel 1s five
costumers pet hour, and customers must arrive at rate of 12per hour. What
is the probability that;

I. There are no customers in the system at a given time?

li. That there two costumer in the system.

C=3, A=12, n=>5
P=Muc=12/5x3=4/5=0.8

Po=3!1(1-08)/(0.8.X3} +3!(1-0.8)x

¢ 1

Where X = Z 1/n! (pc)” - Z

n= 0
n—0

I/n! (pe)

=1/ 01 (0.8 x 37+ 1/11 (0.8 x 3
=2+2.4+22.88 =628

po =6(0.2) / (2.4)°+ 6(0.2)( 6.28) = 0.056



Multi-channel Queue Formulae

(1} Probubility of n costumers in the system is it n < -1

Py =™
P(} l[ n - ¢
-
(h) Average number ol customers in the system is
plpey :
Ppe
G =)t

. : 2 s - . )
(¢) Average number ol customer i the queue s PUEX/CH (1-p)™ X P

(including time when there 15 NO queus)
(e} Average number of customers i the queue 13

o 1-p) Ganerage only overtimes when there 1s a queue).
(¢) Average times a customers spends in the system is

Y p

(- py e
([ Average times a costumer spend in the system 15

o ipe) P
-y e

Question 40:

i the three-channe! svstem, given in the gquestion 40, the rate of service at
each channel 15 3.

Customers per hour, and customers arrive at the ol 12 per hour. You arc
required to caleulate the ttem () - (1) given above.

Selution: .
Ay C=3 & 12, n 5
P SO - 123545 08
— Probability that so customer 1s the system
Po o dd-oyy
(0.8 x 3)3 + 311 -0.8)y

{-46v)

Wherey = 10! (0.5 x 3) + /11(0.8 x 3)+ 14! (0.8 x 3)2 = 6728
=1+2.4+288=628
Po =628 x 0.2 = 0.056.

i) Probability oflwo customers in the system is
P2 =(pc p()/n')“ Since2=0C-2=3-]
P2= (0.8x3)
2!

{ii) Probability of § customer in the system is
PS=(pc) pogSmcc 5>C =3 (because maximum is 3.
n .
P35 :_@83'5 x 3 =0.056 (complete the solution)
J

. foruse 3!

t) Average number of customer in the system is
P
Pol  +pe
CHT-0.8)

31 (0.8 % 3)
2 ={.056 x 0.8(3)

U= 0.8) {complete the solution)

llk

b Average number of customer in [Iu queue (including times when here is
A0 queue) is

P(pe)C 0.8 (0.8 x3)
T Pe= 2

, .
CLi-p) 31(1-0.8) ETIp LS SR S

E‘\l ey a% 1 SO ) > El & 3 a1 1
; J Average time acustomer spends in ihe queue (only over times when
Iere 18 a queug) 1s

A1 -p)=1/1-0.8)=5

i) Average time a customer spends in the system is
P(pc)
2
, Po +1/u

CHL-p) cu
3

o = 0.056 + 1/5



(g) Average time a customer spend in the queue is

(Pc)C

S Po+ 1/u

Cl(1-pReu |
= (0.8x3)

= =0.056

3INT-0.8) (3D {complete the solution)

Question 4i: ‘ :

(2) Describe with the aid of realistic example the basic features of a queuing
problem. Your answer should indicate what information we m.:_(.:d !Ul'
analyzing (1) The mmpute process (i) The service mechgmsm (111).1' he
queve discipline. You should also comment on the major assumption
mplicitinthe queuing mode. _ _

(b) Discuss in general the major limitation of queuing theory a}nd iI’]dIC‘ﬂlU with
ways in which these limitations might be overcome. {Provide solution)

Questiond42: - . ‘
The proprictor of shop "™ shop supermarket with one cashier is dcs1rpt_15_ of
minimizing delays to customer and cfficiently utilizing the service facilities.
You have ascertained that customer arrive randomly in time at supermarket ata
mean rate of Slper halt hour that the service time of the cash_icr 1s
exponentially distributed with a mean rate of 60 per hour. You are required to
determine the following.
(¢) Mean guetie length excluding customer being served
(b) Mecan queue time ’
(¢) Probability that the whole queue kength exceed the capacity of say cight

people o
(d)Mean waiting lime queue time +service tme.

(Provide solution).

Question 43: '
Ataquarry a cranc is used Lo load tippers. [thas been re!igb]e ascertain than the
tippet arrive at random for Joading at an average rate of live tippers per quarter
ofan hour and that tippers are loaded per quarter ofanhour. You are required to
calculate: '
(1) Theciane utilization
(ii). Mean waiting time per tipper

(48)

(1i1) Meannumber oftipper waiting to be loaded
(1v) Mean queue length including the tipper loaded
(v) Mean queuing time,

(Provide solution)

Question 44:
Average arrival rate 5 per hour while service at the SOKOTI bank is 7 per
hour. Assuming a random distribution for arrival times and service time
calculate;
(i). Mean queue length excluding customer being served
(11} Mean queuing time
(1it) Mean waiting time (queuing time + service time)
{Provide solution)

The woman's department of large stores employees one tailor for customer
fittings. The number of customers requiring fittings appears to follow a
position distribution with mean arrival rate 24 per hour Customer are fitted on
a first-come first served basis, and they are always willing to wait for free. The
time it takes to frce a customer appear to be exponentially distributed with a
mean two minutcs.
(A) Whatis the average time should a customer expect to spent in the fitling
room?
(b) Howmuch time should a customer expect to spent in the fitting room?
(¢) Whatpercentage of time is the tailor idle?
(d) Whatisthe probability that a customer will wait more that ten minutes for
the tatlor service?
(e) Determine the average wait for the tailor's service expericnced by these
customers who have wait at all,
' (Provide solution)

Question 46

A fast food restaurant is operated by one person, the owner. The arrival patiern
of customer on Monday appears to follow a Poison distribution. with a mean
arrival of people per hour customers are served on a FIFO basis, and because
of the reputation of the restaurant. They are willing to wait for service once
they arrive. The time it takes to serve customer is estimated to be
exponentially distributed, with an average service time of 4 minutes. You are
required to determine: _ -

(49)




(a) The probability that thereis a queue

(b) Theaverage sive of the queue

(¢y Theexpected time that a customer must wait in the queue, and

(d) The probability that a customer will spent less than 12 minute in the
restaurant. (Provide solution)

Question 47:

AT hire Ltd is a haulage Company that owns 100 trucks. It is estimated that
on average of § trucks break down everyday and that this follows normal
distribution. Evervday that a truck is out of action, by being under repairs or
watiting in the queue to be repaired. the company loses #80 in carring.

he company owns workshop Torservicing of'it vehicles. The workshop/shop
car handle on average 10 vehicle per day and this follows an exponential
distribution. The cost of operating the workshop is #150 per day. The
alternative is for the company to close the workshop. This saving #150 daily
cost and contract out the repairs 10 an outside Mechanic Rash inlernational.
The omside mechanic will charee #220 per day and has capacity to repairs 12
trucks and this also foflows and expoaential distribution. Should KAT HIRE
I.td continue torur its workshop or should itcontract out its trailers?

[ostimate the dialog saving olthe aliernative selected. (Provide solution)

Question 48

A filling station has unfortunately been reduced o one petrol pump owing to a
mechanicat breakdown. Normally 40 cars an hour stop petrol and on average
drivers serve themselves in one minute. The owner is afraid that people will
not wait and i considering employing a temporary attendant who would
reduce average service time w435 seconds. The station owner obtains and
average prolitcontribution ol# 10 percar. You are required to:

{a) State the usual ussumption of simple queune

(b) State the implied value ol driver's time il the cost employing the attendant
is #5350 perday. (Provide solution)

Question 49
A project to erect an exhibition stand at the Kaduna International trade f(air
required the following activitics and men.

Activity Preceding Activity Duration Men Required
A 9 7
B - 10 3
C B 4 6
D A 10 5
i A 5 7
P A 49 6
G E 7 6
H D 8 5
[ G & 7 7
i (5 H, I 8 8

Determime the minimum number of men required to complete the network in
the shortest possible overall ime? Use a bar chat in your solution

Solution_The tigure Grant Chart showing the combination of aclivities in
progress throughout

r
E (G
) ’ 1 J
13 ! C
A
] 91011 14135 IST1920 2122 25262728 35

Using the bar chart and the information given on manpower needs ol each
activity, we can draw up a table of total manpower needs on cach day of'the
35 days of' the project.

Days Activity in progress No of men needed
19 A B !
10 B, ; E; F¥ 2
- 14 i EF 24
15-18 DUF.G 17
{51) =



19

20 21
22 25
26 27
28 35

D, 1,
G, H,
H, 1
H

-

J

18
18
12
5
8

The bar chart showing manpower requirement appears below

9 11

14

19

21

25

We see that maximum requirement is lor 24 men on day 11 14, By
examination ot the bar chart above we see that this peak could be reduced if

the requirement that every activity start as carly as possible is relaxed.

Question 50

I Brielly describe four objective which critical path analysis scheduling

may possible achieve

2. Aproject has been following characteristics

Activity

TTmD T e

—_—
[

Preceding Activity

A

B

B

C
D&G
F&G

(52)

o OO0 gy

w o

Duration normal

L L =] WA h

Week (crash)

(1) Construct the network for the project under

{1) Normal time

(11) Crash time
(1) What is the normal time required for the project?
i) Can the project be complete inl8 days?
i, The foliowing activity dependency table concerns the overhaul of a
pies of equipment located in one of the station in the swamp arca of the
country.

-

Activity  Deseription Preceding Activity Duration of work in

month

I’ Move ol & material

to side - 4
Q) Erect scaftolding P 3
R Remove piping,

valving and hoses Q
S Fabricate piping P 5
T Check bearing R 2
u Fit eylinder wall liner R 5
v it hoses R 4
W Replace piping R.S b
X Replace worm bearing T I

Replace valuing U, X 2
z Weld and nsulaie VW, Y 3

Form the above. draw a carefully annotated network diagram and caleulute the
critical path.
(Provide sclution)
The “PARAPO” community association is preparing the program lor its
10" year anniversary and has identified the following sctivities:
Activity Prior Duration
No Activity Davs
Determine celebrating day A - 12
Agree with speakers B A 36
Secure Advertising material ~ C A &5
Send out notice D - 60
Produce list of {inancial
Member E D L&




Print celebration programme T B,C E 21 Juestion 53z

Print membership list G F 30 tonsider the L. P model below
Obtain member's addresses i E 15 maximize 9x + 2y (Contribution)
Dispatch programme I G, H 12

“ubject to '
4x +2y < 80 (Machine hours)
2x + 6y < 120 (Drilling hours)
X,y >0 (Non - negativity)

(1) By drawing a critical path diagram establish the critical event

(1) Prepare @ bar chart and establish the total float for each event

(i1} How many statf will be required il a staffis not expected to work on more
than one activity atthe same time. (Provide solution),

' where x = number of unity of casting x
I = ' unity of castin
Question 52: . v = number o y gy
Y(-)u. are gi\f_e .th.c tollowing information concerning a project which consist | herefore you are required to use simplex method to determine how many
ol vight activities 1 10 8 of each x and y should be made to maximum contribution.
Sfittned ey st ave .
Activily Preceding Duration (Days) Solution: . o »
i ) 4 Phe first step in the simple method is to make the constraints into equation by
: ; > introducing into each one a slack variable. The represent the amount of the
; ] 2 resource left unused. Forexample we have
4 [ 3
5 L 3 4x + 2y +3, =80
6 203 4 { 2x + Sy +s,= 120
/ 4.5 5 i Maximize C=9x+ 12y =0
8 § 2 The first initial table -
Required: : ; ~ Solution Mixture ~ Slack Varble _‘
(4) Draw network tor the projectand determine the activities that lie on the eritical Basic © X ; Y S1 52 SO]UI]O“:
pathand alsoits length : | f i g 20
{b) I activity 6 has to precede activity 7, will the critical path change? If it does - Sl ! 4 ‘ 2 i !
change, draw your new network and compute the length of the new eritical path. ‘ ‘ ! ‘ I 120
{¢) Assume that it has been found that certain activitics in the original . 82 |2 ! > ‘ 0 ‘ B
network can be shortened by hiring extra resources at the following costs. ; : .
Poiom® =12 U DR T
;}clmty : > 4 = 3 ! 8 I. Select the highest negative number in the P row (i.¢. the row are
Shortened duration (days) 3 2 2_ 3 3 l presenting the objective function) i.e. l?? under y.
Extra cost (#) 200 150 50 200 250 300 2. Divide the positive number in the y-column A into the sdlution quantity
, : ; ; : column
On the assumplion that the extra cost are linear determine the possible e 872 =40
expedited times and their association cost. 120/5 =24
+ Select the row that gives the lowest answer (in this casc the row
(5H : (55)




indemnified s.). Ring the clement, which appears in both the identilied
column {(yjyand the identified row (s.) this element is know as the pivot
element, thus, initial tableaureproduced as tollows;

Slacks Variable Solution |

Row Solution Products
Number Variable X Y S1 82 Quantity]
: ° ! ! |
R Sl 7 4 2 | _ 0 8_0
R2 52 2 5 0 ! (20
R3 P 9 12 0 0 0
Row Solution  Products e ESoluLion
Numbcr Variable X Y SI  S2 - Quantity
R4 -RI- Sl 165 0 | -2/5 32
415 ]
RS 1/5R3 Y 25 1.0 15 :24

RO R31 P 0 0 12/523%

12R5x
The only negative is i colunm X,
32716/5 10 and 247275 60
Scleet the row nupimum ol these value e Row §,
[enee, the pivot element 1675
Row Numher

Row Number  Solution Produet  Shacks Variable  Solution |

Variable X Y S 82 . Quantity
R7-5/10R4 X ] (} 516 -1/8 10
RS RS -2/3R7 Y 0 | -i/8 oo 20
RY=R6+ I 8] () 2176 15/8 280
2/5RT

The contribution will be maximize at #280:00 31 10 units of X and 20 unity
ol'Y.

(36)

Question 54:

A company manufacture three products, tanks, trays, and tubes, cach of
which pass through three process, X, Y and T, Give below, the time
required cach products in each process and, for a certain production
period the total process Lime available. The contribution to profit of each
ploduct are #2:00, #3:00 and #4:00 per unity respectively.

Process hour per unity:

Process Tanks Trays Tube Total Process
Hour Available

X 5 2 4 12,000

Y 4 b 6 24,000

Z 3 5 4 18,000

You are required to caleulate:

(a) How many of each product should be produced to make
maximum proiit, and state the profit ligure?

(b) State how much slack time, il any is available in the process;

{¢) Interpret the shadow prices.

Solution:

Let X, be the number of units of tanks produced.

X, be the number of units of trays produced.
X, be the number of units of tube produced.

The objectives is to maximum 2x,+ 3x, = <x, (contribution) Subject

to the tollowing constraints;
S 4x<
4 F i\ -

i< 12,000 (process x hours)
- < ”4 00 (proccess y huurs)
X, I\T, X, 2 ()

We shall introduce slack variable s1, 82 and s3 to represent number of
unused nourishing in processing X, y dI‘ld 7 respectively, so that

Z=2x 3x 4x,=0
5% v 2% +4Ax, + §,= 12,000
AX + 5%, + 6x, + 5,= 24,0600

(37)




3x, 5%, +4x, + S5, = 15,000
Our initial tableau is

RowNo  Variable Xl $2 S3
Solution ‘ |
R S| 5 2 4 I 0 0 12000
R2 ) 4 5 6 10 10 | 24000
R3 S3 305 4 10 0 1 \ 18,000 |
i L
R4  Z 2 3 4 .0 0 00
Row Operation _ - S
R5= 1/44R | X3 M6 % 11w 0 0 13000 |
| \ ;
R6— R2 - 6R3  S2 2 0! ! 0 15000 |
} \ ‘
R7- R3-4R5 83 -2 30.-1 0 1 6000
R3~ R4+ 4RS 7 C O | 12000 ‘
S g
Row No Variable in solution X X2 X3 SI 82 S3 Solutio
R9=R5-WRIL X1 TR s 0 -6 2,000
RI0-R6 2RI S2 466 0 0 <56 0 223 2,000
R11- 14 R X2 230 0 -1/3 0 13 2,000
R12:- R&+11 7 730 0 23 0 13 14,000

Since every shadow price in the solution row is positive, an optimal solutio :

has been found.

() Contribution is maximized at #14,000 by making 2,000 units of tube

#2.000 units of trays.

(b} There will be 2000 slacks hours in process y. process X and process Y

will be fully utilized.

(¢) (i) The shadow price of process X timc
that for every excess hour of process X
contribution would be increased by #'/..

(5%)

X2 X3 | SI

| Solution

; . : I
is #1/3 per hour, which means |

time made available

(i} The shadow price of time is #7/, per hour. This may be interpreted.
(i1) The shadow price of tanks is #7/3. This means that for every unit
of tanks made, contribution would fall by #7/3.

I'his means that for every units of tanks made contribution would fall by
17/3

(Question 55:
[n relation to linear programme, explain the implication of the following
assumption of the model

(i) Linear of the objective functions and constraints
(1) Continuous variables
(i) Certainty.

(b} Sak producer limited, manufactures two types of paints-sak emulsion
and sak-gloss., “Emulsion” value at #295.25 per gallon needs Skg of
raw material and nine hours of machine time. Gloss valued at #325.05
per gallon needs 6kg of'the same materials and 12 hours o¥ machine time.
Establish the maximum value of each of the product that can be made
from 400 hours of machine time and SO0k g of raw materials.

Question 56: _

A-Z 01l company manutacture tow brands of lubricants namely X and Y. X
valued at #150 needs 15kg of raw materials and nine hours of machine time.
Lubricant Y also valued at #150:00 needs [0kg of the same raw materials and
12 hours of machine time. Establish the maximum valued of products that can
be made from 360 hours of machine time and 375kg of raw materials and the
respective quantity of lubricant X and Y.

Question 57:

A caterer has 1600gm, 1100gm and 1500gm of yams, fish and maize
respectively she require 100gms of fish, 110gms of meat and 200gms of yams
to prepare a plate of pounded yam. To prepare a plate of porridge costs #30:00
and prepare a plate of pounded yam tor #50:00. how many plates of each she
would prepare to maximize her sales?

(59}



Question 58:
T. farms limited can buy two types of fertilizer which contains the followin
percentagze ol chemicals. :

Nitrites Phosphates Potash
TYPEA 18 5 2
TYPEB 3 2 >

Foracertain crop the following minimum quantities kg are required.
Nitrates 100, Phosphate 50, Potash 40.

Type Acost #100:00 per kg and Type and wishes to maximized its expenditure
on fertilizers. You are require to:

() Write down the objective and the constraints for'I=farm limited

() Draw a graph to illusirate all the constraints (cquations/ inequalities
shading the leasible regions

(¢) Recommend the quantity of each types of fertilizer which should b
boughtand the costofthese amount

(dy Find the saving T-farm limited can make by switching from its currel
policy (o your recommendation

fo) State brietly any [mitations ol using this approach to problem solving |

pructice,

(60)
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TRANSPORTATION PROBLEM
This is a special case of linear programming (L.P.} problem. An homogenous
product is available in known question each of in origins (source). There aren
destinations each requiring a known quantity of this product. There s a cost of
transporting one unit of product from an origin to a destination and this is
known. We wish to determine the transportation schedule, which minimize

the total transportation cost of shipment.

Let a,be the quantity of the product available

And b, be the quantity of the product available
a,be the cost of transporting a unit of the product from origin i to destination j.

ifx, is the amount of quantity transported from of ori ginto destination

AsanLP, MinZ= =2 ¢, X,
Such that x,=a, where i=1,2,...ma>0origin)

S x,=b wherej=1,2...nb>0destination) (1)

Equation | givesusm+n equation inmn unknowns. We will assume that

S.a = 2 b Feasible solution.

isrequired X a> Xbwe invertan(n+ 1)destination

If more are available that
at zerocost C m+ 1=0 forall L

toreceive the supplies( X &, -2 b)
If the amount required is more than the amount available ( Za < > b) mus
inveradimming (m + 1)" origin of it Serial out the Shack.

%, - =, atzero cost C..,j=0,foralll

Let us look at a case of 2 origin and the definition

MinZ=22Cx,
sx,=a 1=L2 sx,=b, ~ j=1234
Minzcllxli+cllx12+Cl3xl3+cldxt4+c21x2l+022x22+C33x23+C24x24
S.T=x,tX;TX "Xy~ &

Xyt

Xyt

(62)

UNIMODULARL.P

Ais a unimodular ifthe determinant of an

the 3 value 0, +1,- 1. y square submatrix of A taken one of

t
W S PI i n_’ Wh ‘lS It
| | FL.

1 __xth ~ -
d' =j"row of destination

8 -xd =0,
_ . 1.€. every row can be e i i
bt f i xpress as a binary combination of the

- .
m+nrows are linear dependant and r(A) = m+n-1

REMARK : Unimodular pr . ;
T e ular property: Every minor of A matrix TP can only take

PROOF: Let Ak beai”ord i

| F: L er Sub 1 ‘ i

and k different columns of A. we are t?garéfvtt%?ed tomiany Kdfferentrows
A =0.thus wehave 3 cases:

Casel Thereisatleast acolumn orarow containing all zero| A, | =
C: here is atleast a column or arow containing all zero| A, | =0
3

Casell when each column contains z ones
T U a
E5i-2di=0lineardependence: |Ak/=0

Case lll ifatleastacolumnofA, with only the element (e

Expand |A jby that column =*[Al, thenthe A, | isaminor
k-1

1t C

iKXERCISE Check with 2x4 [P matrix

N/B:
B 3 : tici
(11 A necessary and sufficient condition for (1) to have a solution
(63)




is for (2) to hold
(2) it a,and b, are integers, any optimal solution of T. P will be integer

(3) A dlreeted graph is a set of value vertices and area, which are directed
from one vertex of the other

Oxigin Destruction
() (i) \
{i1)
(i11) @
f (2) | (iv) (73 In TP, a basic solution correspondent to 3 tree
Exampile:
Iransportation problem is a special case of directed graph called »
BIPARTITE graph since all vertices fall into 2 groups and this exist no are Available icons 20 15 18 18 25
bgl members of some groups. = - 21
(4) r{A)=m i n -1 (an important result in transportation prublun =2 . T 13 .
Not more than m+n-1. x, are different from zero. 15 8 12
=3 4% 3 7 4 2 3 3
(5) TP is represented by adjacent matrix 4 30 2 0 " 5 . .
3

Destination/ D, D D Now suppose you are given a proposed solution as

Origin I Z

01 | X X3 ¢, : . g

U _;ﬂ Y al w . izef{ _ (3) (6) (7) (8) ©  (10)

02 ! Cy | C. Cu , rlg:l] =0 e L3 38 25 21 =Eb

A X:” Xaa )'n (2) 27 (27) !
On.]' ! me XIH xmu (J) fg (20) (3) (25)
(4) 30 (15) (1 @

ya = Ib =137
' “ i . E 3 : m= ") N .-
{(6)Tree Graph: Atree graphisone which consist of vertices and not n-1 arces 47 the no of origin
1= 67 no ot destination
suchthat E 2 unique chain of acres connecting every pair of veruces.

{65)
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(1) so for feasibility we have
Zx, =g Zx=b, Xa=2b

Thus, if any of this condition is not okay, then it implies that problem is not

feasible, then you will introduce Domin.

(2) Is It Basic /

\
O ——O

It is tree because it completed the no of vertices, 1. e
M+n = vertices 4 +6 =10 vemu:s
And the number of arc = m+n-1 = 10- 19 arc so it is basic feasible solution.

-

(3) Check for optimality
We know that in one L.P problem we have
Min Cx Dual = maxyb
S.LAx=b StYa<c

x= 0 ' y =0

For optimality YA-¢ =0
Y, y ¢ =0
lij=y i ¢;=0for used rout
And < 0 for unused rout

And to obtain our dual values, the following procedure is followed:

A.  Choose and arbitrary origin to have dual value 0

(66)

B.  To get the remaining values:

(a) When moving from the origin to the destination and the
original values for the cost of transportation on used values a
column dual value.

This gives y,

(a) Subtract the cost of the routs when going from column to a
row.
This gives Y,

(b) Compute y, y, ¢, foralliand]

Now using the clear result, we can now compute our dual and obtained the

above tree result

yi 10 12 11 |8 10 |9

5 -1 -1 ©® | -1 (4)

0 T 4 (8) :
! ; : -

7 3y ) | 3) |

N ) N ’ (5) 1® |

Now we can obtam our y,and y,as follow since we have agreed to choose
origin 2. now to check for optimality

10-5-6 = -1
12-5-8 = -1
8-5-4 = -1

All the values is either O or -ve whence our solution is optimal.
Now the next is what is the cost
ie Z=cx=c'x

for each of the basic roots. Find the cost and multiply by the quantity

{67)



= 6(15) + 4(17) + 8(27)+ 3(20) + 4(3) + 3(25)+ 9(15)+ 5(111 + 6. (4)
= 723 units of money

O_rcost:yb :
o lag 15 18 38 25 2l
1 ‘ilO 12 11 g i2 9
32 15
27 o
48 7
30 3

vb = (20x10) + 15 x12 ... 21x9 (32x 5)x 27 x14 ... 3(30) = 735

3. DIFFERENT METHOD FOR GETTING FEASIBLE SOLD OR
SAY GETTING A 1" FEASIBLE SOLUTION

In T.P. a feasible is casily available and have easy inverse. We consider 3

Methods

NORTH WEST CORNER RULE

-
.

STEP1: begin with cell (1,1)

Setx11 min(a b}
Either the origin or the destination requirement is the saisfied. For the
satisfied row or column, label as non basic, the remaining cell but not both.
STEPIL ifa,>b,setx,,=min(a, b b.)

Oral <bl,setx, =min{ba,a}

a,=b,, Setx,=0evidence of degeneration.

(68)

g L ) e N - . 5

I'he process continues at the i step on origin or destination requirement is
e A ; . L .

satisfled. Ultimately, we will obtain an initial basic feasible solution if there
existm+n-1 basic solution. Now suppose we have the following T.P solution

OD 3050 20 40 30 11 130l sol 20| 40| 3011
& SO X11] X12|X13 1 X14 | X15 X16

P (30) [QO]IX X | x |x
400 X210 X221 X23 | X24 | X25 X286

600 X (30 |[ Q) | x X X

3] 600X | x  (10) | 40 | (10) x
3[x o x X x {200 (1Y)

X, =min (20.50) X, =min (30, 50
Sine 20 has least value 30 units is sent to destina,tion |

X,.= 20 Sine 30 is < 50
x11 =30

e But since it remaining 20
we put 20 -1 =x,,
for x,, the remaining of
50 = 30, we put 30 into x,,

Now 1_0 find out whether they are correct, we have m+n-1 =9
Meaning the no basic [easible solution 4+6-1 = 9, hence the above is basic

(:,.H EAPEST METHOD {Min cost method)
Find the cheapest rout, i.e. min (¢, ). Assign the max feasible x ; for the
routs, (o to the next cheapest route and so on .

30 50 20 40 30 11 _ \3%50 20 140, 30‘11'
62 | 3 3 2 8 50 % 50 x X i
403 2 2 43 4 40200 20 Ix ‘ x|
603 5 4 2 4 | 6010/x x 9 |30|11
314 2 2 1 2 2 31x\xx 31 x x|

(69)




w

You choose either column or row and assuming non basic, i.e. Matrix.

v check for basic m4n-1 = 9, it is basic and hencee it is an example of

coenorate solution,
GGEE S METHODORRULE

s s amethod of choosing the cell that has the greatest immediate
demnative cost, Compare the difference between the lowest cost ¢, and the
wntimwestcosteit foreachrow (e, ¢, ) foralt L.

-

Compure e ditlerence beiween the lowest ¢, and the next lowest ¢, tor
cacheolumn{e, ¢ ) loralll.

Chasene thie cell for which excess cost route or columnwise is grater.
Avinign the brggaest pogsible value to this cell.

Hihere is atie, resolve the tie by ciubsing the cell where grater flow can be
i,
() 3 [7 11 Row diff
0 |
12: 24 10 28 8
199 (8 10 20 8
15 5 ! g8 6
Column dift 13 ) 12

MNow consider the highest value here, it is 13, Now assign the max flow here,
Lz the quality in the Destioation.

(7th

8 17
s 16 28 12
by 10 20 10|
158 1 s 7

x99 12
12° %
9 " x

15 8

17
12

X

¥ henee basic because mAn-1 =343=3

¥ hience we have <m+n-1 positive basic variable generating.

Creting 1nitial basie solution:

Stepping Stone Algorithm

Di
Oi 20.
32 6 8
27 113
48 3 7
30 8 9
63 3 |

Cappose youare given this problem

farw the next thing is to find our whether it is optimal, we have

CASIC CHANGE IN ORIGIN/DESTINATION MATRIX

| 8 17 | 11
12| x 12 | x|
9 | x 10 | 20 10
15l 8 i g8 7
i e
...
X 3
4



Here we have 4 origin available each of them having \furio‘us quantity 1o ‘send
to different destination and you are to advice tll1e n"lamlestat.lon. Tllw q]§1?;1tl.t}‘f[ll\t G 20 15 18 18 25 71
send 1o obtain max solution. Assuming Vogle's Rule: by this you look from the 32 % g 6 4 " X
vostdilference as we have above 27 % X X 27 X X
48 20 X X 3 20 X
| 30 X 9 8 5 X X
o 15 L1g 38 125 2l
2w § 6 A ) 0 |15 18| 38| 25| 21
27 X I3 15 - i - 32 6 %0 X 21
98 20 7 4 7 25 3 | 57 =
30 i 9 % 5 X 6 1 X X X . S
o > : 5 5 « . 48 20 X X 3 25
ool ‘ 30 | x [ 9 [ 8 [ 5] «x
w0 15 18 . 38 25 21 -
- ' LSO éa 4 X 4 0 20 13 18 38 25 AR
77 \ X X 27 X X X 32, x X 11 X X 21
i a0 7 4 d 3 B i 27 X X X 27 | x X
,,ﬂ, ’ {) ] 5 X 6 ] . 48 20 . S . ;")Li ,fgs X |
s 2 2w [ 30 x| 9% 18 |5 |x | x|
Now our dual is given as
20 15 I8 38 25 21 .
32 0x 8 ;6 4 o x4 0
vox x ok 2 x U x 2 |
a4y an T x v 5 P94 X X 9 12 11 8+0... 9 Q
30 9 '8 5 1 % 6 l 5 -2 -1 6 -1 -2 4
‘ o T B % ' K ] 0 12 |-l 14 8 =3 -1
6 3 -1 L ..1.2 3 1.
3 -2 9 8 5 I
Now for optimal, we expect our II; to be = 0 for all §j is either ve or 0 from
the table we see that the optimality is not satisfied because of the +1in one
of the rows and this that we are losing for not sending anything through _
that route because it would have been cheaper to send through that route. In
cssence we say that there is only one non-basic route that shows the profit
(72) A
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15 16 11 13

Now what we shall do is to choose 0 = min (3, 7) min will be 3 for table = i 5
10 .20 14 6
13 D i3
.".from table K we have as follow
Now the question is for the optimal result
20 15 18 38 25 21 ~+ Since we have been given the basic feasible solution, you don't need to
7] 11 21 use any of the method mentioned earlier, but you just need to ftratc (now
77 27 | . what you will do is to write the corresponding cost, i.e. fine dual)
48 20 I | 25 : Now our dual is given by
30 15 7 18
L 8 9 3 5
Now we can construct our dual as follows: 0. 8 9 -3 2
o |12 nls 10 9 T B R A
5 KN S 6 -1 -1 4 e L2
0 -1 1 4 & _3% i Since we have +2, +9, +4
; 31 '5 g | -51 2 FO We choose to move from 9 which is greater, hence we can find the least

value of 6 (also note that because of the values got in (a), the optimal is

- not yet attained
Now we can check for optimality 11, <0 ¥ )

-~ from the table, we see that all the table basic are either ve or zero, e
those without cord.

We have obtained our optimal.

Now we can check for optimality [[= 0

from the table, we see that all the table basic arc cither ve or zero, t.c. thos

For the value of (consider all her, -§ == (514 15)
. 8 with min value is 5—== g=5

Hence our Dual now would be

without cord, g 9 2 i
" We can now obtained gur %ptimal . : 18 - .
¢ can compute our £ = g
o W: Ilpx 6+ 4(21) + 27(8) + 3(20) + 4(3) + 3(25) + 9(15} + 8(4) _i f; l{} ?9 - g
o 1): 738 Thus because of the values again got from our dual, we have o compute
Another example our values again from table 11, 6, 4 == our 8 value will start from
o 15 16 1 13 position 11 because it is the greatest.
0 A T T S A 15 16 | 11| 13
20 6 |11 [ 5 | 10 17110 |7 0
13 3 8 |7 ]9 20 9 11
18 5 B -0
And that we are given an initial basic feasible solution as 79)
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.8 =min (10, 13)

{duestion 59;
. Define the following:
I. Sirategy
ii. Two person Zero sum game
1ii. Pay off (iv) Dominants
h.  The table shown below display the pay off between player A and player B
negative pay off shows the total amount in thousands that A losses to B ag
result of the strategy they played simultaneously. Define if the following
situations oceur.
1. A dominant
1. Saddle point
il Pure strategy
Iv. Mixed strategy

0 =10
0 7 10
9 11
15
3 11 5 5
2 9 3
0 11 k)
-4 7 9

The final answer of the above is given by

Bl B2 B3 B4
Al N -2 4 5
A2 0 3 1 2
Al ) 3 3 1
Ad i 7 3 2

SCLUTION 2

. Strategy is the technique that a game player adopts or decide to adopt
concerning his move in order to maximize his gain

i Two person zero sum game. Itis a game where every naira that one player
wins comes out from the other player’s pocket, so the two players have
totally conflicting interests. Thus cooperation between the two players
would not occur. 1f player A wins 8X. This means that the other player B
would have lost X and so, the total sum of the winning from the game is
NX+(-X)= N0

wi. Pay off: It is a table or matrix that analyse various alternative course of
actions to be performed or that are possible in a scenario.

.. Deminants: G is the most outstandin geventamong other series of events.

_Lts[ e 1t [13] leln]s s |
17] | 4 13 21 9
20 9 |11 0l 11 5
18153 | | 3] 3] 8
S Z =298
(76)

Bl B2 833 B4 Mintmum (least element)
Al -1 -2 4 5 -2 ¥
A2 0 [-3] 1 2 -3
A3 -2 -3 3 1 -3
Ad | -1 4 -3 -2 -3
laximuin 0 4 4 3




Latest
Element #

Dominant lossis3 to B player and gainto APlayer

ii. Saddle points occur if there is an entry in the pay off matrix which 1
simultaneously the minimum element in its row and the maximu
element in its columns. Here there is no saddle point as -2 is not in th
same row or column with O.

ii. Purestrategy - This is a game that its situation determines the table

iv. Amixed strategy involves more than onc strategy such that if one strategy’
fails. The reserved strategy will be adopted.

Question 60
Nigerian Breweries Plc is a company that has production operations in
Lagos, Ibadan and
Benin. The company has four distributions centres located in Sagamu,
Warrt, Kaduna and
Port Harcourt. The production capacity, the demand of the distribution
centres as well as
the transport cost from the distribution centres are show belows.

Advise the company management on the most economic deliverics
Sagamu Warri Part - Harcourt Kaduna Supply Capacity

Lagos 3 2 7 6 5,000

Ibadan 7 h] 2 3 6,000

Benin 2 > 4 3 2,500

Demand 6,000 4,000 2,000 1,500

Requirement

{78)

SOLUTION
USING VOGELS APPROXIMATION METHOD

§ W PH K sC

L 13 (2] T[71 [6ls000] 52 SI¥ (X %X

1000 | 4000 1 ]3
T {_Z_ LS_ E L?,_ 5000 | 32 |32 |32 |32 |az
] 2500 2000_| 1500 L L O L I I
! ' 4.2 5 5
; 2 250103 e 2 | 2|7 XXX
. DD | 6006 | 4000 | 2000 | 4500 | 13500 ST N S A
1 3-2=1" > "4-2=2 5322 | wm

32=1| 3 [42=2 {5322 | -

T2=5 | 2 | 422 | 532 | e

7 )2 3 =

Kol X a2 3 =

o | o | > -

The result 15 oxactly the same as that of least cost method, Hence total
siumum cosi is N42,000

Question 61

al. Whalt is a project

ti. Define the following terms:
Critical paths and slack

Solution:

1. Project: This is an activity or event or contract that requires a process
arstuges of completion. The

activities can be overlapping concurrent, dependant or progressive.

. Critical Paths;- This is the longest path that it takes to complete the
zritical activities. it 1s the longest

day it tukes to complete a given project.

Slacks: This the amount of time we can delay the start of the activity
beyond its earliest startime  time without delaying project completion
Beyond HET

(79)




Question 62
a. Whatis production management?
b. Differentiate between production management and project
management.
C. Fit a trend line to the following data by the semi-average method
and hence predict
the likely sales of the company by 2005.

YEARS] 1980 | 1981 1982 11983 | 1984 | 1985 1986
SALES { 102 1105 |1l4 110 {108 116 112
Solution:

a. Production Management

This is the process of managing the resources of an organization which
are devoted to the

transformation of inputs into goods and services

b. Production Management Vs Project Management. Production
management are series of checks

and balances put in place to ensure that raw materials put into a
production process generate

expected output. Project Management are serics of monitorings ensure
thatacontractis

concluded as planned and meet up to requires standard and
specifications.

e[ Year ]1980 [1981 [ 1982 {1984 [1984 [1985 [1986 | sum
Sale(y) [ 102|105 | 114 | 110 [ 108 [ 116 | 112
T 0 [ 2 3 | 4 5 6

b = MEyt—(;x)X(2t)
nat - (2

(80)

(S

322 =1.64

Y { Yt t
102 0 0 0
105 1 105 |1
104 2 228 14
110 3 330 |9
108 4 432 |16
16 5 580 |25
1126 672 136
767 21 2347 91
b= 7(2347) - (76T (21) = 16429-16,107 =
7091 -(21Y 637 -441
a= y-bf
a= 2Y-b(2t)= 767 - 1.64286 21
n n 7 7
= 109.57-4.92858
= N104.64
Y=a + bt

Y= 104.64+ 1.64286t

196

For Sales in 2005: note thatt=25 for 1985 andt=6 for 19‘86

Year|1987]1988 | 1989]1090| 1991]1992|1993| 19941 1995]1996]199711998 11999 12000
T |y | 8| oftof] nf1r2i3|{14j15] 16|17 |18 |19 |20
Year 2001| 2002| 2003| 2004 2005

T 21 22 23 24 25 t= 25
Y 104.64 + 1.64 28t

ol

104.64 + 1.6428(25)
104.64 +41.07
N145.71

ion

<<
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Question 63;
4, ABC of planning a new operation which will involve the following activitics
and time duration.
ACTIVITY | DESCRIPTION DURATION PREDENT
ACTIVITY
almilb s
I Decsign Logistic 41 216
Solution
I1 Refine logistic 31415 1
Soon
1 Prefare planning S| 31 7 I
appircatromn e o
1v System requirement 3 2] 1 111
A% Suppliers 21 216 1
briefing/Negotiation
Vi Obtain planning 71519 (1
Content
VI Mechanmcal/Handling 2 314 1L 11
Equipment
VIII Building contrinction 1§ 4] 1 Vv |
IX Tractor procurcment 20 (12 ] 40 VIV
curcrnent
X Trailer procurement 4 6 V1L 1K
Required:
Draw the nctwork for these tasks.
Solution
4. | Activity Precceding Duration
A 1PA e = a + 4m +6/6
i - te=4+4(2)+6 =
6
ii I o= 3Ald)475 =
6
fii [ fe= 5447 =4
6
iv il le= 34l =2
6
v [ te=2 +4(2)+6 = 2.7
6
Vi iii

{82)

Vii i1, i te=2+4(4)+1 =3
Viii v te= 1+64(4)+1 =3
Ix vi,vii te= 2034(12)-%40 =18
X viil, 1X te= 2+64(4)+6 =4
6

ie

THENETWORK FORTHE ABOVE

Question 64,

a What do you understand by forecasting? Are there any differences in
meaning between the concept of forecasting and predicting? State the
relevance of forecasting to production

b.Fit a straight line trend of the Y=a+bx by method of least squares to the

following time series data. Compute the trend value and hence predict the
value of production by 1976, 2000.

1YEAR {1960
TerROO00)] 11

1961
13

1962
15

1963
14

1964
15

1965
16

1966
16

1967
17

1968
18

Solution:

‘a. Forcasting 1s a term which velates to anticipation of likely conflow
‘movement a near future. It usually rclates to most part of an organisation
~actvies e.g. Sales forcast, production foreast, purchase budget etc

~ Predicting or estimation is a term which relates to obtaining what an aspect
«f cost will be after a given period. This is usually carried out using
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N { Jucstion 7;
Regression analaysis using leastsquare Y=a+bx

la. Define the following terms in relation to game theory
| Moves
e I Gaﬂlc
Year Production Y’ t Yi t lii Decision maker
1960 11000 0 0 0 S COHﬂI:Ct
1961 13000 1 13000 { V.. Decision
1962 15000 9 30600 4 j \»’_1.. Stratcg)lr ‘ .
1963 14000 3 42000 9 Vi Pcrf{:ct\z\nformatlorl
1964 15000 4 60000 1 © Vil Pay-offs
1965 16000 5 80000 2K b State the maximum criterion
1966 1600 6 _960(_)0 36 1i. Usc the criterion to find the optimal strategies for players X and Y and the
1967 17000 7 11900049 v value of'the play-offs of the following
1968 18000 8 144000 64 _
135000 36 584,000 204 Player Y’s strategy
b= xSyt -(3y) (3Y | ey
n>t* - (31 . | )
X, 6 -4 5
= 9(584,000)-135000) (36) " X, | 2 2 3
9 (204) - (36) _—
= 5256,000_ - 4860.000 = 396,000 Solution:
1836 - 1296 54() (i1). Game: Game theory is a mathematical strategy which assign analyzing decision
= N33 cnvironnent containing conflict
Where a => v - b >t It 1s useful making decision incases where two or more decision environment
- containing conflict. Tt is useful for making decisions in cases where two or more
decision makers have conflicting interests
a = 135000 -733 (36) (ii1).Decision Maker: is the person who will be finally committed and responsibility
9 9 consequence of the decisionmade
= 15,000-2,932 (1v).Conflicts: Where two or more decision makers disagrees
- M12.068 {v). Deeision: is the final course of action committed to. [t the choice made out of a
LY = a,+bt nuwmber of different alternative
Y = 12,068 + 733t for1968,t=8 {vi).Strategy is defined as a complete predetermined plan for selecting a course of
Thent=9 for 1969,t=10 for 1970,t= 11 for 197/and - action, underevery possible circumstance
t=16for 1976 (vii).Perfoet information: This is a complete facts or knowledge
Y=12,068+733(16) = N23,796 (viii) Pay-offs.- _ _ S
{1). Moves: This is the Strategies that a game player adopt in order to maximize his
For 2000 year, try and obtain “t” yourself and substitute as usual and provide ~ gainorreward. .
solution. bi. The maximum criterion=§

(85)
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il Y1 Y2 Y3 Min | Max
Xi 8 -3 7 -3 -
X2 6 -4 5 -4 -
X3 2 p 3 2 2
Maxi 8 2 7 - -
Min | - 2 - - -

Optimal Strategy - Purestrategy

Pay - Off=2

Question 65:

a. Define the following terms in relation to:
(I) Queuing theory (i) Arrival (i1} Service
(Ii) List the various assumption in Quecuing theory

b. Idowu-Foba and Co., a shoe manufacturing and repair company employs 6
operators who on the average work on 10 pairs of shoes per hour. The average
number of customers to be attended to are 20 per hour while loss on any person left
unattended to 1s N3

Required:

(i) Computcr thetraffic intensify

(ii) The loss per hour

(1i1) The total of people on queue.

Solution: :
2a(i) Quecuing Theory: This is a systematic way of circumstances which involve
trend of peoplc or item that are available for services
ii. Arrival: Implies the term at which items/people come for scrvice and this can
be random approach or regular approach
iii. Queue - a waiting line formed whenever customers arrived and facility is
busy
iv. Service: This is the act of serving customers. The service 1s provided by a
service facility
vi. Assumption in Queuing theory
*  Arrival must be poison in nature
*  Services must be Poisson in nature
*  There is only one queue & service point
*  customers are served on FIFO basis

Is a quesing system

(b) Trafficintensify = A - Arrival or s T
M- iSenvie OW
Amival
Amivalrate=A =10 pair of shoe per hour ™ Outiet
(86)

service rate = N = 20 customers are expected to bring 20 pair of shoes for repair per
hour

(). Trafficintensify=P = A 10 = 1 =05
N =20 2
(1. Time on queue (Tq)= 1 A
N N-
=10 1
20 &0 10 =] hrsor 1 x60=3mins
20 20
Lost per hr delay =1 hrs x N3
20 -3 é_m_?zo)
20
{ii). Total pcople onqueue=(Nq) =___ (_)
N (N- )
Ng= 10 10 =10 (16 =05
20 20-10 20 10 L A
(Question 66: A
a. List at least 4 arcas of applications where network analysis has proved
cffective. Trace the origin of itical};ath method and project evaluation review
Technigue

b. The schedule below represent activities required to overhaul a piece of equipment

Activity Proceeding activity Duration (in days})

A A 4

B B 1

C C 3

D C 5

E C 2

F C,D 5

G F 4

| F 8

J F1 1

K GH,I 4
From the above schedule
(1) draw the network and explain why a dummy has to be intreduced

{11} Compute the EST, EFT, LFT, Float
{lii)  Compute the project completion time

(87)




Solution:

a. Four areas of application of network
1. Construction e.,g. Houses

il. Product change over

1. Town Planning

Vi, Civil Engineering cg. Bridges

Note that the critical parth method assist in calculating the float for cach activity and |
the PERT for planning, controliing and cvaluating the project.

3b | Activity | IPA | Duration|{ ES | EF LS LF Float/ Critical
Slack Park
A _ 4 0 4 {0 4 0 A
B _ 1 0 1|15 16 15
C A 3 4 7 |4 7 0 *.C
D C 5 7 12 |11 16 4
E & 2 7 9 |22 24 15 *-F
F C 5 7 12 |7 12 0
G C,D 4 12 16 |16 20 4
H F 8 12 ] 20 (12 20 0 *-H
I F 1 12 13 |19 20 7
J F,] 2 13 15 |22 24 9
K G,H,! 4 20 | 24 120 24 0 *1 1
3C

4A O

5D

: 4G

FEvent [ and H are Con Current starting from event F hence a dummy is required to
. o H
connent I to H,G to make G H,I required for activity K to start. ;

(88)

(Juestion 67:
¢ 'FAO Plc a manufacturing company manufacturers hand set type called Nokia A
and Motorola- B brand. Each ofthe product relevant data are stated below
Product Nokia A Motorola B
Cutting hr per (unit) 4 2
Finishing hrs per unit 6 6
Unitcost{N) 56 50
Selling price 68 58
Maximum sales (perweek) | 400

Maximum available cuiting hours is 880 and number of finishing hours
available is 1720, other resources are abundantly available

(i) Calculate thc number of units that should be produced of each set brand
profit .

(i) Calculate the maximum profit

(iii) Caleulate the shadow price from the above

Solution:
Profit/Contribution Calculation
Nokia A Motorella B
N ]
Selling Price 68 58
Unit Cost (56) (50)
ProfitPer Unit 12 8
Nokia Motorolla Hrs (Max)
Cutting hrs 4 2 880
Finishing hrs 6 6 1720 '
Profit 12 8 i
Constraint j
Maximiz Z=12n+8m
ST 4n+2m 880
én+6m 1720
nm o

The 400 maximum sales is to ensure that what ever recommended sales you make
must not excised 400.
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]
4n+2m= 880
\ =0, m=440
m=o0,n=220 .- A(220,440)
0— % én+om= 1720
x n=o,m=286.6
400 A 3 m=o.n=286.6 -B(286.6,286.6)
A\Y
350 %’b Corner point ‘ Sm+(2n="2
300 A(286,0) 8(286.6) + 12(0)=2292.8
] B(133.3,153.35) 8(133.3)+12(153.35)=2906.6
250 B C(0,220) 8(0) + 12(220) =2640
200 _] 6}),‘ Solving for corner point
& B. Simultaneously using
150 — 0)\\ 4n+2m=880:nd
100 — & 6n+6m= 1720
% n=153.35
50 = c m=1333
0] I I\

|
2M00

Sincere comnerpoint B produce the highest profit result, then it recommended that
33 3 of mand 153.35 on N be produced. The maximum profitbeing = 2906.6 ie
8(133.3) +2(153.35)

50 150 200

(i11) Concept of shadow cost
If one extra hour of cutting hour is available
Then4n+2m =881 -> cutling
6n+6m = 1720 -> finishing

Solving it simultancously
-12n+6m =2643 (1 multiplye.g. (1) by3)

6n +6m = 1720
6n =923
n =153.84 andsolving form

4n+2m =831 '
(153.83)+2m =881
615.33+2m = 881
2m = 881-615.33
2m =265.66
m=215.66 = 132.83
2

(90) !

Hencen=153.83 and m=132.83

New profitZ 12n+8m

12(153.83)+8(132.83)

2908.6

Butthe old Profitis N2906.6

Hence there will be an increase in profit by 2908.6 = N2 if one hour of cutting
time is available on the other hand, if one hour of finishing time is available then
4n+2m = 880----ae--- i

6n+6m = 1721 --m-aum- 2

noion

Multiply equation (1) by 3
120+6m = 2640

- 6n + 6m=1721
6n= 919
n= 919
= 153.16
6n+6m =1721

6(153.16)+6m= 1721
919+ 6m = 1721

6m = 1721-919
6m = 802

m= 802

6 = 133.67

New Profit=Z = 12n+8m
= 12(153.16) +8 (133.67)
= N2907.28)
Less existing profit (2906.6)
(.68 increase

Hence, if one hour of finishing time is available only 68 kobo increase will be
made. It is therefore more profitable to utilize more cutting hour than finishing
hour.

Question 68:

a. Itemise and briefly discuss the major assumptions that must be satisfied
before practical problem can be forumated as a linear program

b.  Two products P1 and P2 require resources R1, R2, and R3 to be produced. A
unit P1 requires 2 units of R1, 1-5 of R2 and 1-5 of R3; while a unit P2
requires a unit R1, 4 of R2 and 2 of R2 to be producedR1, R2 and R3 are
available at the rate of 500 units, 720 and 450 per day respectively P1 and P2

(91}




are sold at average profit rate of N50 and N45 per unit respectively. You are
required to determine the optimal production rate per day of the products.

Required:

i.  Toformulate the problem in form of an allocation table

ii.  Systematically formulate the problem as a linear program
iii.  Solvecompletely using the graphical approach

Solution:

Assumption of LP

a {1) Objectivity Assumption
(i) Linearity Assumption

(1ii) Divisibility

(iv) Nonnegativity Assumption

- Objectivity Assumption: means two objective cannot obtained at the same

time, one can etther minimize or maximize
revenue

producable

~ Non-negativity Assumption: States that an organisation may produce or not but]

cannot produce negative production.

The problem is use by presented inform of a table

b(i) Products Available
pl p2
R1 2 | 500
R2 1.5 4 720
R3 1.3 2 450
S0 45
(ii) Let P1represent x

P2 represent y

Lincarity Assumption: This states that there must be relationship between cost &

Divisibility Assumption: This states that fractional part of a product must be!

Max C:

Subjectto:

50x +45y (objective function)
2x+y < 500 (R1 Constraint)
1.5x +4y <720 (R2 Constraint)
L.5x+2y < 450 (K3 Constraint)

Non - Negativity X,y > 0

2x+y = 500

Whenx = O,y = 500

1.5x+2y = 450
whenx=0,y=225

(92)

[ ]

\

X=250 y=20

1.5x +4y =720
Whenx=0,y=180
X=480 y= 0O

x=300 y=0

y _
300 40D 500 X

00 200 D{250, 500)
To get pointC
2x+y =500x4 Solve forx in
1.5x 4y =720 x 1 2x+y =500
8x +4y =200 2(197) +y =500
L.5x+4y -720 394+y=500
0.5x = 1280 y=500 - 394
X =197 y=106
Points product Objective Value
X y S0x +45y
A o o 50(0)+45(0) 0
B 0 180 30(0)+45(180) 8,100
C 197 106 50(197)+45(106) 14,620
D 250 500 50(250)+45(500) 35,000

Decision: The company should produce 250 on product x and 500 on y to

make N35,000

(93)



Question 69:

A.Define and explain the following terms as they are used in games theory
1.  Zerosumegame
ii. Non-zerosum game
iii. TheN-persons game
iv. Purestrategy
v.  Saddle point

b. Two nations negotiated on the tonnage price of rice. The joint strategies
with relatives selling prices (seller’s perspective) are as follows

BUYER
Bl B2 B4 BS __ B6
sl S 6 9 18 12 15
= 82 12 15 9 15 12
AlTe3 21 12 24 18 18
sS4 9 12 21 3 15

i. Determine the optional strategy for cach player
1i. What is the valuc of the game?

Solution:

a(i). Zero sum Game: [n a zero - sum game, the winner receive the entire amount
of the payo(fthat is contributed by the loss sum of a gamc is always strictly
competitive

(i). Non-Zero sum game: In a non-zcro sum game, the gain of one playcer differs
from the losses of the other. Itis not strictly competitive

(ii). The N-persons game

(iv). Pure strategy: This is a game that its situation determines the table Le.
Maximum of the row is equal to minimum of the column

(v). Saddle Point: This occurs when the entry in the puremitrix 1§ simultancously
the minimum clement in its now & maximum clementin its column

b. Bl B2 B3 B4 B3 Bé Min  Max
St6 9 18 6 -12 i3 -12
52 12 15 9 -6 15 12 -6
s3 21 12 24 9 18 18 ] 9
S4 9 12 21 6 3 15 3
Max 21 15 24 9 18 18
Min 9
(94)

il. Theoptimal strategy is pure strategy since the row is cqual to the column
iii. Thevalueof'the game=9

Lestion 70

Explain the following concepts

{(a) Characteristics of competitive game

{(b) PERT

{c) CPM

{d) Whatis optimal strategy in game theory?
{(¢) Qucuing Theory

“olution:

Characteristic of competitive game - we have two types off competitive
gains, the business game and the military game, both arc compctitive
games. There characters teach us that in business game, this provides the us
with an opportunity to test out business skills and decision making ability in a
competitive environment while in the military game, this is used all over the
world to test offensive and dependence strategies and to examine the effectivencss
of equipment and aims.

PERT: (Programme Evaluation and Review Techniques)

- Pert 1s used when we have uncertain activities or a project task, and when this
happens, there is need to apply a statistical analy to estimate the duration for
cach activity concerning the projects. Here, we have three types of estimates
which arc normally employed in the computation 1.¢ the most optimistic the
most pessiristic and the most likely time.

(CPM (Critical Path Method) - This is used precisely known time of which
activitics will 1ake place, is usually given but may not be reliable in practice or in
real situations and uses only two time estimate.

tn we ceuld says that The CPM is a techniques used in project mgt and is a
deterministic technique that assumes certainly, the duration of every activity, it 1s
assumed to be constant and known. While PERT is a stochastic in which nncertainty in
the duration of the activities is allowed and it is measurcd by 3 times estimates namely,
suo=1 optimistic, most likely or probabilitic time estimate and most pessimistic.

i

Optimal Strategy in game theory in is: Game theory is a body of knowledge, which
deals with the medeling and analysis of competitive situations. This is the
expected wing of the game if the game is played for a large no of times it is the
average pay off expected by cach player who sticks to his best strategy all the time
over an infinite number of plays of the game. It is also offal to the numerical value
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thicstion 72:

a  State the assumptions made in the use of linear programming

t  loyota construction company constructing houses at two locations, required for
minimum supply of 10 lorry loads of granite, 25 lorry loads of sand and 20 lorry
loads of gravel to the locations. The table below show the quantity supplied to

of the saddle pt in a pure strategy game.

e.  Queuing Theory: This studies situations in which customers arrive for servic
and must wait if the service facility is occupied or in used. Or we say that

queuing theory is a system describing the waiting time and the service rate in cachsite.

supermarket, as in amovie as well as product givenina production plant. Loy loads of Sand Site Total available
There are a number of qucuing model that deals with different queuing syste A B

The most common types of the system are Loty loads of Granite 5 3 10

(i) Single services waiting the system Nond 10 17 25

(it) Multiple server waiting the system Gravel 5 1 30

Question 71:
a. Contrast “output™from manufacturing versus scrvice delivery systems
b. ldentify some major advantages of using models in production management

Each supply to site A costs the Company N60,000 while that supplied to site B
costs N75,000

(1) Formulate a lincar programming model for the prohlem
(i) Find the quantity of supply to A and B that will minimize the total cost

o

What do you understand by the concept production management

¢ Whatare the features of production management? solution:

i 11) Assumptions madc in the use of linear programing is as follows:
Solution:

I(a) Manufacturing arc thosc things produced and in turns those in charge
producing the goods while service delivery systems are the people that takes t
goosls lrom the manufacturer to their respecter destination i.c the marketer.

11} Addiuvity - The total contribution to the objective function and constraint
cquationis obtained by adding up the individual constraint of the individual
activitics.

(b) Some major advantages of using models in production management includ
the following - for quality, for reliability, for delivery per Cheadle, for costi
for flow of organizations. It could also be on policy formulation, like policy
work in progress and lower material stock, also on policy on high pl
utilization and for policy on industrial flexibility.

i1y Liniarity - This implies that constraimnt returns to scale. the decision variables X
arc raisedto powerl. i.e (must be linear a equation.

(n1)Proportionality - If the decision variables isdoubled, tripled or halved, its
contribution to the objective function equation, and constraints equation will also

. , . _ ) be doubled, tripled or halved.
{¢) Production Management is the process of designing, Operating and Controlii

a Production System Capable of transforming physical resources and hum
talent into needed goods and services, OR WE COULD SAY THAT Producti
Management is the application of management functions such as planing
scheduling to the Conversion of inputs (both tangible and intangible) into go
and services with the budgeted cost. :

i1v) Divisibility - This implies that the decision variable Xj can have fractional valucs.

iv) Detcrministic - this implies certainty i.e the values of all the parameter g bi aij0
arc known for certain. i

] ' . _ B 111 Non - Negativity - This implies that the decision variable mustbe zero 1.e Xj > 0.
(d) The feature of production management arc as follows i.c Product Desi P GA)z O

Production Planning, Production Scheduling, Production Control, Purchasi
and Material Management. Also for Inventory Control, for Work Layout,
Forecasting and Quality Control.

rv+u}  Finite - ness - This implies that all the activities, parameters and variable are
finites Identifiable.

o7
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Question 73
B. MazZ:60,020x+73,000<y. " 0 Given the data in the table below
S.t 2x +3y I sl e
10x+17y <25 - (? \efivities A B Jc Ip Jg IrJg g T
Sx+4y < 20 -—(3) mediastePredecssor 1 - A 1A B 1B ¢ ¢ [EF |DHG
o i l'me 5 7 10 14 o 5 j12 |4 6
FOR X+3y=
x=0 --—-->3y im"“>Y:_11%?;’2 ~ ?3 (1) Construct a network for the data
y=0 —-->2y=10-—->y= (5,33) (i1) Identify the critical activities
a (1i1)  Determine the project completion time
FOR  10x+ 1331’7 55 = 225 5/17 -1 (1) Network for the data is as follows
torx= y= ¥ o
fory=010x=25 -—--> x=25/0 =2.5
- (2.5,1.5)
FOR Sx+4y < 20
——>  for x=0 4y=20 ---> y=5
for y=0 5%x=20x=20/5-—-> x=4
(4,3)
Y N
5% ﬂ
(11) The critical activitics ar¢
4 (a) A B DI
(b) ABEHI
xB (¢ ACFHI
3 (d) ACGI
(28, 1.5) (i)  The project completion time.
2 c EF =ES f't =ForA = BF =0+5=3
X forB =5+7 =12
forC =5+10=15
| forD = 12+4=16
g7, > forE =12+6=18
A D . o forF = 15 25=25
(0,0) 1 2 - 5 for G = 15+12=27
2.8, 1.5) forH =wehave ES as 18 and 24
forH = 24+ 4 =28

fori = 28+6=34
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Question 74:
2. What is job design and what approach is taken to the design of jobs

b. Whattypes of systems do organizations use to set employee compensation?

c. Critical activities
d. Slack

Solution:
(a) Job design is the general arrangement of different part of a body that is made,

such as a building, hoah boat or build up of a studio , marchines or design of Cars,
Aircraft, Automobile engine etc. (building the site to be used, location, cost c.t.c.).
And the approach that is taken to design of jobs like a product layout which is a
special configuration of machines as the support facilities arranged in accordance
with the sequential manufacturing requirement of the product. the unique
characteristic of the job (product, layout) design is the work center and cquipment
follow a specialized sequential order as required by the naturc of the product being
manufactured. In cssence of works and equipment such layout is common wherc a
standard product is being produced in jarge volume. Car assemble are a typical
example of product - oriented layout and condition favoring these type of design L.e
product layout design is most appropriate, where the following condition arc present

(a) Very limited product variety

(b) High product standardize for

(¢) Mass production

(b) Types of systems that organization used to sct cmployce are as follows, There
should exist Human resources Division of the organization that would sct
machinery in motion for all involvement of staff to get the organization moving
. e The staff or the employee that would work in the organization with various
incentives,

(¢) Critical Activity is anactivity that has no room for schedule slip page. OR Itisan
activity with zero slack.

(d) Slack is the amount of time that an activity or group of activities can slip without
causing delay in the completion of the job or project.

Question 18:;

A. List steps involved in Operation Research/Production management.

b, Onifade Taiwo Produces both interior and exterior with the raw materials
Mi&M2.
The following table provided

(100)

Exterior | Interior i iabili
e X zrlot Maxnn:l;;n Avaliability
Raw material 1 2 6

A market Survey indicate i
that the daily demand for interi i
that of the exterior paint by more than oie. Friorpaint eannot exceed

;-\lso (t)}]qg\/{iax]ijnum daily demanded of interior paint is 2 tons
! nifade Taiwo want to determine the opti . i
adet ' : ptimum or best productm inter:
) and exterior paint that maximizes the total profit. : eotinterier
;i : U [ic any LPP_mcthod to solve the problem,
;{ :)civ\n; olf:hsallc prices per tons i.S n2000 for exterior and n3000 for interior paints
I wen mterior and cxterior paints should the company produce maxiniiéc

gross income. How much interior and exteri j
‘ erior respectively and ir ¢
LILIIL IV, Are 9, 5,4 and 2 units respectively. v g ferequirementa

Solution;
. Stepsinvolved inor/ Production mgt are

n

The constructi ' cen i iti i

' dcterminiztivc?)? g(t: ﬁ);;;;(iljiliybwn 1t additive, linear, proportional, divisibility,
si. Derivation of the solution

tv Testand evaluate the model

v, Interpretation and maintenance of the solution

Maz Z =2000x + 3000y
S.t0x+4y <24mmunn i
and X+ Xy <6 cmomannnas 2
whenx, y > o.

Solve 1 and 2 as following

Ist, x4y =24

6 (0)+4y =24 -4y -24
ForptA(0,6)

Atsofory=0  -»6x+4(0)=24

- hx =24, x=4
FromplB(4,0)

(1on



Forthe2ndlinex t 2y=:6

Froim x=(0
ALE3)

Ry U

_)2y:-_"6 _>y:3

Alsrfory -4

60}

--:‘?(0) k=6

T,
"

->X=0

om 2

nee peaduciionwe have the following, from the graph

C
(2.3)

(4.0)

(0.,0)
A

AL
2= 10,000

Py 0003y

=M 5000
cPii{cy(2,3)
Z.2000 (2)+3000(3)
=4000+9000
=N 13,000
The interior and exterior parts (o produce the max profit, we have 2 for the interor
wid 3 for the exterior part

estion 75
g Obtain the optimal plan of transporting Onifade Cement from four depots A,
13 and D to fourdestination T, 11, I1L, TV, The availabilities of A,B,C and D are 3,4, 5
and R units respectively and the requirement at 1, {1, IH, 1V, are 9,54 and 2 umis
respectively.

The cost of ransportation for tac cement between depots and the destination
e given below:

A 2 1

B i1 P

G f 4 b Y
B 2 4 1 !

i, Use the above cost to dotermine the maximun iten to carry through different
route esiing least costniciinad.
i, Dictermine the itial cosiailocation,

.

b. Whatis Duwmny rew and Drinany O cheun?

E;t\Besl 1
A 11.8]

et
D

g

| e S oA (2020

The initial cost allocation ae siven above is shown on the table and the cost is
=1y F2(8) +3(8)
SHHY FI(5)F2(3)+8(2)=83
5.0 Dumy Row and Dumny Coelu cotrs wireie the spectal transportation
sondition is violated, that s swhen the il availability is not equai to the total
cquirement and vice versa and whon such dunygs ocenrs, we introduce the durnmy
-aw and columin so as to be able to balance the transportal problem and solve the
qoblem e case (1) When fa70i bere we introduces dummy row and similarly

where d < {al we intodoes e duremy columo

iy !L;'ﬁ,}



OR

I 11 Il vV Availability
A - Lel 1 L8 - 210 2Ly
B al5) . L8 (6] 21 4
i aTel 419 _Is] " [3]5s
D 1a4lZ2 41 4 [ - 1513
pomandl 9 5 4 2 20

The total cost {¢) using the least cost method we law

TC4(DH 201 A(2) 4 (5) 1 (5)+1(6)+4(9)=81
i1, The inittal cost allocation are the cost in the bracket above or cell above
(8,5,2,10(5.68,0,00,9.5 3 and (2 ,4,2,5)

Question 76:

1, Whatare ilie assumption of a transportation model.
0. Obtain an optimal solution for the transportation plan below:

Solution
Asswuptions of airansportation model is given as follows.
(1). The objective function is

MinZ=m n ¢l xi;

i::.i i‘.’.:i
5.1 the following
{11} The supply constraint
Leono XLy
i
(iii),  The Dernand constrait

L koo

{oie

(v, Uhunon negabieely constraintmustbe obayed .o xi; > 0
{(v). Tae specie! rusportation condition must be adhead tol.ec m n
{104

= Ij
and the number of occupied cell mustbe =mtn-1 1=1 |1
t A B C D Sunply
T JsolA] - [Z] 20l7 1 - L3)100
2 _ 2] . [3] 100810018200
3 18] ooli0o] - [18]e0l5] 150
80 90 120 160 4501450

The optimal solution is given as follows: From the table, since the number of
occupied cellsism+n-1=3+4-1=6
> The optimal solution can be given as follow
> 80(40)+20 (7) + 70 (3) + 130(8) + 120 (16) +30 (5)
=320+ 140 +210+ 1040 +1920+150  =3780

Or

Peatol A B C D Supply
1 lsola] - L[Zl20 24 -111 100 } .. (B)
7 1. 12] - [311o0[8]Jio0L8 ) 200

ST Tsl solio]l - 18] eol5] 150 Bilsmorcappropnat.e g
= it is the correct solution

e g 90 120 | 160 | 450450

.*. The optimal solution =80 (4} 20 (7) -+ 100(8) + 100 (&) +90(10)+60(5}
=320+ 140+ 800 + 800 + 900 +300 = 3260

Question 771;
A Consider the following project with the optimistic most likely {m)} and
pessimistic (b) cstimation of duration in months is givenbelow
Task Preceded by duration Estimation
A - a m o
B - 5 g 11
C - 5 10 1
0 A 15 18 33
[ B 25 43 33
K C 2 5 8
G C 6 1 44
H A 18 22 47
i D.E.F 17 25 3l
| G 12 12 29
[N b 10 0 O
L Draw PERT Network diagram for the project.

", Determine the critical part of the project and hence the expected

(105)



completion tone of the Project.

b. Define the foliowing: ‘
I Barliost oven e
i. Latest ovont i
iti. Slack time
iv. Toial float,
Solution: ool
ai. i
A ,&"’"W B -
}',a”f 8o s e %
W R w i S i P S
—w e o
Bt G o
Lo o
(i} The Crdical path o the ool b ae Tolioow
A H K

(hmairi K
ey UL kK
(BT
() G I K ' o o
And the expected cosnpleiion v of the projects s given below using
t=(aldbteymakea=a,m- b bh-v
4]
Note: The estimaled tme s aco e
(bi.)  Tariicst event ime - This s the carlios thys s ancactiviy can stavt inlringing
on mmediate produg UL

[Mhiils

t Latest event tine - Fhis o b G an activily ean bogln without
delaying the whoic projont .
5 S o . v etk e Hhe network,
it Slack tivees - Ts g Tongest o p s the e Fwet k. N nded
v Totul float - is the amouni &7 tiae bowhich s duraiton could be extende

H i . s G |
before you become erttical. o _
And itis also the same as the amorsit by whick iis duration could be extended

withcut affocting the otulpr

Question 78:
i Name two i
theiruses

alien tochngies sod slate

h, Explain the coneept of ‘queuing’

i State the “duality theory’ in operations Research.

d. Whatis traffic intensity in queue theory?

2 Define linear programming model.

Solution;

(a) The two important monitoring review and evaluation techni que 1s the CPM

(Critical Path Method) and the PERT (Pro gramm Evaluation and Review Tech).
There uscs are as follows - For planning, Moniting, Scheduling and Controlling of the
projector programm, also used for the foflowing;

(£) To known when the entire programme or project will be
completed.
{(in) To known what the critical activities or tasks in the

programme are,

(i) To know what the None - Critical activilies are,

(iv) To know the duration for the completion of the projects
intermay probability measured.

(v) To know whether the funds spent by any given date is cqual
to. morc than or less than the budgeted amount.

{(vi) To know whether there are enough reseurces (o complete
the project on time.

) The concept of “queuiug” is ioticeable in a qQuiete systern which can be
-vided into foar elements as follows i.c the Arrival -Quecue-Service-Oullet
Query System,

Whore:

tival is the element concerned with how items arrive in the system (the ttems
niclude, people, component, cars, ships c.t.c).

tjucue 1s the element concerned with what happens between the arrival of an item
requing service and time when service is carried out,

eryiee is the clement concerned with the time taken to service a customer which
ray be constant or varied. While outlet is the cxit.

ey Duality theorem: Corresponding to any L-P problem, their exit L.P
problem called the DUAL of the original problem. The original problem is the
PRIMAL. For instance, if we have the primal i.c original problem
Max Z = CX {objective)
St Axsy
X>0 constant
Our DUAL will be

MinZ=yb
St vAxC
Yo 0

(107) _ !



(d) Traffic Intensity in qucue theory is the most important measure of a \
simple queue and is define as the ratio of the average arrival ratc (), to the
average service rate(N)i.e=p=>and also called the probability of queuing on
arrival. m .‘

{e) Linear Programming (LP) model can be simply defined as a business
decision Technique or mathematical technique which secks to maximize an ob jcctiwjp
or goal uscd in providing solution to problems i.¢ profit or minimize an objective or
goal c.g cost. Itis an aspect of Mathematical Programming, it is called lincar becaus

all the dccision vartables (Xj) involved are raised to power one (X'). It is callccg

programming because it involves scheduling (mapping out) the activities. ]
\

Question 79a: !

. Customers arrive at one window drive in a bank according to Poisson
distribution with mean 10 per hour. Service time per customer is
exponential with mean 5 minutes. the space in found of the window
including that for the serviced car can accommodate a maximum of 3
cars, others can wait outside this space.

i Whatis the probability that an arriving customer can drive dircetly
to the space in front of the Window?.
iL. What is the probability that an arriving customer will have to wait
outside the indicated space.
i1, How long 1s an arriving customer expected to wait before starting
service.
b. Discuss the criteria for assessing the effectivencss of a production system.

Qucstion 79b

a. What do you understand by forccasting? Are there any differences in
meaning between the concept of forecasting and predicting? State the relevance of
foreeasting to production

b. Fit a straight line trend of the Y=at+bx by method of least squares to the
tollowing time scrics data. Compute the trend value and hence predict the value of
production by 1976,2000.

Y EAR 1960 | 1961 | 1962 11963] 19641 1965 [ 1966 | 19671 1968
PRO(000)] 11 13 15 14 15 16 16 17 I8

rovide Solution
Solution to Question 23a
A, A =10
N =5

(108)

(I) §= A =10 =72 = (.66
3

C.N 5X3

aan) I-§  =1-066=0333

{1i1) Expected time of Arrival =Provide Solution

{b) Criteria for assessing the cffectiveness of a production system include the
following

- Design the product

- Planning and schedule

- Controll of the product

- Marketing the product

- Quality controll test e.t.c

Question &
(a) Whalt arc the requirements of a lincar programming problem?
(1) Solve the following lincar programming problem by graphical method.

Minitnize 2 = 205 1 10y

Subject tor x + 2y < 40

3Ix+y=30

4x -+ 3y =60

LY,Zo0 (Provide Solution)
{Juestion 81
ia) What are the requirement of a transportation model?
{b) State the assumption of a transportation model.

() The Production Manager of MOSIMI depot has five jobs A, B, C, D and E
and five teams I, 11, 111, IV and V and has to assign onc team to a job. The
“roduction Manager assesses the number of hours cach team would take to
serform cach job as follows:
TEAM

lob I I i 1A% \%

A 30 40 80 50 100

B 50 70 120 50 100

& 100 150 200 80 150

D 150 180 200 100 250

E 80 80 120 60 100

(109)




Use the Hunganan method to assign the job so as to minimize total number of
hours of performing the Jobs.

(Provide Solution)

Quecstion 82

(a)

Write short notes on the following:

(1) critical path

(11) project crashing
(111) critical activitics
{iv) slack time

(Provide Solution)

Queshion 83

(a)
(b)

(¢}

relative

(1)
(1)

What arc the assumption of games theory?
Detine the following terms of a competitive cnvironment

{i) Saddle Point
(i1) Dominance Rule
(i1} Zero Sum Game

Two nation negotiate on the tonnage price of rice. The joint strategics with

selling prices are as follows:

BUYER

B, B. B, B, B, B,

8, 6 9 18 6 A2 18

SELLER S, 12 151 916 15 12
S, 21 121 24( 9 18 18

S, 9 12| 21 6 3 15

Determine the optimal strategy tor cach player.

What is the value of the game? (Provide Soluticn)

Question 84

(a)

Explain the following terms in Network Analysis.
(1) Critical Path Method (CPM)
(i) Program Evaluation Review Technigque (PERT}

(110

(b) U_sing the table given below, determine:
(Q the critical path and the shortest duration.
(ii) the total float of all non-critical activity.

ActiXity Preceeding Activity Duration
5 : :
C A 3
D] A 6
ke A 4
b & 3
G D 5
H B, E 3
] H 3
J F.G 1 7

(Provide Solution)

{Jucstion 85

A small project consists of seven activitics whose three time estimatc are given

helow:

Activity Aciivity’s Name

L, 1,
bl A 3 312
l-3 B 3 6
! -4 ¢ 6 6
2-5 D 3 3
3-5 E 6 15
-6 F 6 15
5-6 G 9 15

Where 15 the shortest time

t, ts the best estimate
) t; is the longest possible time
relermine:
a} The expected duration and variance for each activity.
ihy Draw g Network diagram
el The expected project length (duration)

tidy The vartance and standard deviation of the project length
(Provide Solution)
(111)

Time Estimate (days)

t

(i

9
15
3
24
21
27




Question 86
If 5% of the products of a Manufacturing Company is known to be defccuve.

Compute the probability that 50 randomly selected items from the company’s
warchouse will contain:

(a) Exactly two defectives

{b) At least two defectives

(c) Exactly three defectives

{d) At most three defectives.
(Provide Solution)

Question 87:

(a) Under what condition is Assignment mode] applicable?

(b) Suppose four professors are each capable of teaching any of the four courses
operations rescarch (OR), Information Management System (IM3), Law and
Management (MGT). However, the average weekly class reparation time in hours for
any course varies from professor to professor. Since the professors' department 18
highly research oricnted, the dean would like to assign each professor one and only
one course to minimize the total of course preparation times. Preparation time for

cach course by each professor is given below:

Courses

Profcssors ORI MS LAW MGT
Dajuma 2 10 9 7
Bello 15 4 14 8
Chike 13 14 16 1
Atanda 4 15 13 9

(i)  Interpretthe value '16" in the above ime matrix.
(i) Formulate the Dean's problem as an Assignment problem, and provide the

solution using the Hungarian method. (Provide solution)

Question 88:

{a) Statcthe assumptions of the basic EOQ mode! and discuss why itis nota realistic
model.

(6) Acompany recruits 1000 graduate trainces who leave at a steady ratc of 200 per
year. The graduate trainee are recruited in groups and put through a training course.
Each course costs N150,000 to run. Meanwhile, if the graduate trainces are not
needed immediately on the job, this costs the company N5,000 per graduatc traince.
)] How many graduate trainee should be engaged onto cach training course?

(i1) How many courses per year?
(i) What is the minimum total cost of training the graduate trainee?

{112)

(Provide solution)

Question 33:

(q) Explain what is meant by 'feasi

I(lbncar programming.

P )

miterigﬁ?:srtﬂn pro;iuces two grades of paper namely X and Y. Bec

e 1ins, it cannot produce more than 400 tons of grade X anc;1 5183 o

PECE & pmdvlwlr;:: a.t'(l;her;: are 160 production hours in a week. It requires 0.2 ;1?3%045
n of products X and Y respectively with corresponding- profits of

Rs.200 and Rs. 500
AN, per ton. Fo :
st salveprptisally rmulate the above as a linear programming problem

ble regions' in graphical solution method of

(Provide solution)

Question 89:
Comparc and contrast

(1) * Acnitical path and a slack part
813 A(;l activity duration and an activity float
nsi ] ' 1viti
er aproject having seven activities and the following precedence relationshi
: ip:

ﬁctmty ?redecessor Duration (weeks)
? a g
D, a 4
g a 6
c 4
F b 2
G d.e,f 2

(D Draw anetwork of’ i
the project i i 4
Hence the duration of tl%e flroj :;(.j Hiengly toecrtical pathigrtiprojest

ii

(i) Calculate the floats for all the relevant activities in the network

) | {(Provide solution)
Question 90;

The Management of a com
er pany has asked th i i i
the best decision to make based on the given p:yl;i‘??agfe‘ t;quii'amh it to advise on

- State of Nature
Dcczsl_on 01 2
Reqru:t Pro f;ssionals Q) 600 ? 300
Trlam me Existing Staff (Q2) 8000 400
Hire Consultants (Q3) 2000 800
(113)



Required:

Advise the management on the best decision using:
(A) Max1imin criteon

(<) Minimax criterion

(d) Minimax reget criterion

(¢) Expccted monetary values foreacha
of9, as 0.4 and 0.6 respectively.

clion using probability of 6. and probability
{Provide solution)

Question 91:

fa) Whatdo you understand by proactive inveniory system?

(b)  Outlinc the factors affecting the adoption of proaciive inventory system in

Nigerian business environment.

{c) A company has a demand fora pro
it is observed that the cost of placing an or
Calculate the:

(i} batch size to minimize inventory cost.
(it) number of orders to be placed per year.
(ii1) total cost of the firm's stock policy.

duct at o steady rate of 1,500 units per week.
der is N& and 15k to hold a unit for a year.

{Provide solntion)

Question 92:
A company embarked ona pr
cash flow of N&O,000, N75,000, N60O,000, N45,000 am

five-year life span of the project.

ojeet with an initial cost of N25( ).000 wiiich generates thef
{NAR 000, respeetively for thed

(a) Determine the Net Present Value(NPV) of the project if the annual rate of return oﬁ _
10 per cent is allowed. z
(b) Advise{withreasons) the company on the profitability of the project.

(¢) Calculatethe internal rate of Returns of the project by interpolation.
(Provide solution)

Question 93:
a. Customers arrive at one window drive in a bank according to Poisson distributio

with mean 10 per hour. Service time per customer is exponential with mean 5 minute
The space in found of the window including that for the serviced car can accommoda

a maximum of 3 cars, others can wait outside this space.

What is the probability that an arriving customer can drivedirectly to

the space in front of the window?.

ii. Whatis the probability that an arriving custoer will have to wait
outside the indicated space.

1.

iii. How long is an arriving customer cxpected to wait betore starting — scrvice,
b. Discuss the criteria for assessing the effectiveness of a production systeni.
Provide solution
(114) ( )

(Question 94;

at Define an inventory and state itg model

E ; 111)) Efilt.lenddoes an inventory problem exists

<l yzarcmand for raw materials in a manufacturing industry is 10,000
the carryi 1s =N= (.75 i

e arrying cost 1s =N= (.75 per unit and the ordering cost is "N" 50 per unit
Detcrmine the following:

(;.) the economic order quantity

(n) The no of order per year

(;11) Time between order within a year

{(1v) The total cost

b. A contractor had to s
g supply 10,000 bearing pe |
; A co ‘ . ; g per day b
tzingéarcgzrcr.ﬂl{e tQund lha_t when, .he starts producfion heybalz ;%(ﬁégog;oggg
Costof‘prodﬁct]igrfom (lJ‘fE!d_mg bearing stock is 2 kobo per annum and the sét u
runis=N= 18.00k. How frequently should the production valug

a 9 i
be made? (Provide solution)
Question 95;
a(l)  Whatis a queuc theory (i i '
] atis a queue theory (i) What is the difference between a queue proce
S8

?nd sueue situation (5 marks)
b)  Inalarge mai :
amt - nee departinent, filters d
ey atge Mmaint e " rawn frm the part stor .
o stj ;1 Cni ;::Itfc;i bgﬁn.\, store man. The maintenance forcmanll?s conccirslc\;;bei;fcl)&i
; hlters gettng parts and want if

e il o : nt to know if the e :

tore ldb_ou].(n would be worth while, On investigation it was fi (;Tlploymcnt ot
(.1) a simple queuce exists und that

(}1) Filter cost =N=6.5 per hr

{111) The storc man cost "N=

st "N=5 per hr : '
o per hr and can deal, on average, with 10 staff
(iv) A store labourer
er could be employed at =N'=3
store BHOUIEY Eo at =N'=3 per hoyr an

- Il:zr;izc Lhc c,a;lmcny of the store to 12 per hr p(] 0 marks)d Hould

: channcl system, the rate of service at o i
g;r hr\,;;lld customers arrive atarate of 12 per hr G BARTISS fvopger
{i atis the probabilit i :

y that there exist five cus 3
{ a1 customers in the system?
(1) Whatis the average number of customers in the system? nesystem:

(Provide solution)
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incss size

Question 96: : | I 111 v

a, Define simplex method in solving lincar programming problem and when dowe { Puantity 100 200 450 150

apply this method

(i}  List all the procedure involve in using simplex method for solving lincar ihrge manufacturers are willing to supply dresses. The quantities given below are th
programming problem. naximumethey are able to supply ofany combination of orders for dresses )

(iity Consider the linear programming model below:
Maxintize 9x + 12y (contribution) ,

Subject to 4x +2y < 80 (machinc hours})

2x+5y< 120 (drilling hours)

Xy,>0

You arc required to use simplex method to determine how many of each of x and y
should be made to maximize contribution

(b) ALAMTEX group of company manufactures three (3) products, tanks, trays and

tubes each of which pass through three processes x, y and z. Given below, the timcr

required for each product in cach process and for a certain production period, ihe total
process time available. The contribution profit of cach product arc =N=2.00,
==N=3.00 and =N=. 00 per unit respectively

| lle shop expects the profit per dress to vary wi | '
P with the manufacturer
l nnufacturer g penbelow

anufacturer
total Quantity

A
150

B
450

C
250

I
2.5
3.2
2.0

e are require to

11
4.0
3.5
4.5

I

5.0
3.5
4.5

v
2.0
8
2.3

!
i

1

Use the transportation technique to solve the problem of how the orders should be
pluced on the manufacturers by the fashion shop in order to maximize profit.

(Provide solution)

ucstion 98;

1(1) Describe the component of time seri i i 15 of
eries and give detai] analysis
‘he components ; yaofeachoneof

1 Listand explain in detail three ways by which a trend canbe estimated in a time
s

Process hour perunit
Process TanksTray Tubes Total process
Hours avaiiable
X 5 2 4 12,000
Y 4 5 6 24,000
Z 3 5 4 18,000
You are required to find
(I) How of each product should be produced to make maximum profitand state the

profit figure.
(ii) State how much slack time, if any is available in the processes
(iif) Interpretthe shadow price

(Provide solution)

Question97:

i. Define transportation model and state the constrains that attached to the model

Ii State when dowe have degenerating problem in transportation model with
examplcs

b. A ladics fashion shop wishes to purchase the following quantities of summ

dresses.

(116)

:l' gy The table below shows the number of murders (in millions) in Nigeria for the year
85 to 1995 construct a .4 yrs central moving averages for the data and use the

mcthod of semi av ai
iAo erage, obtain the trend values for the data by taken the average as the

r -r
Yis

1985 1986 1987 1988 1989 1990
Murderers 19.0 206 20.1 2007 215 234
1 oillions ‘
Yrs 1691 1992 1993 1994 1995
imurderers 247 238 245 233 216
uimitlions
{Provide solution)
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Question 99:

la. Write short notes on the following:

(I) Assumption of lincar programming mode!s.

(ii) Steps for formulating linear programiming modcls.

(b). A Lagos based company makes two types of ornaments (type A and B) using brass
and copper. Types A contain 100 grammies of copper and 600 grammes ot brass and it
sold for ~100 per unit. Type B contains 500 grammcs of copper and 200 grammcs of
brass and the selling price is 140 per unit. The company has 15 kilogrammes of
copper and [ 2kilogrammes of brass in stock. '
(1). Formulate this problem as a linear program.

(i) Solve your model in b(i) above using simplex method. i

(Provide solution) f
(Juestion 100:
a.  Youhavebeen asked by the chairman of vision 2020 to deliver a paper:
"Decision Theory and its importance to the private sector in 2020". Discuss and
highlight the functional arcas of management where knowledge of decision theory
can be used.
b.  Aclient asks an estate agent to selfl threc properties A, B and C for him and agrecs
to pay him 5% commission on cach sale. He specifics certain conditions, The agent
must scll property A first, within 60 days, before he can reecives his 5% commission
on that sate. Hle can either backout at this stage or nominate and try to sell one of the
remalning two propertics within 60 days. The agent only has the opportunity to scll
the third property if his sclls the second one within 60 days. The table below gives the
prices, setling costs incurred by the estate agent whenever a sale 1s made.
Propetty Prices ofproperty Selling cosls Probability of'sale l
A #12.000.00 2400.00 0.7 :
B- MN25,000.00 ™N225.00 0.6 ¢
C 250,000.,00 MN456.00 0.5
(H draw up an appropriate decision tree for the estate agent
(i1) What is the estale agents best strategy under EMV approach.

{ Provide solution)
Question 101
a. Listatleastsix assumptiolis iiat arc usually made when dealing with sequencing
problems?
b. Sixjobs A, B,C, D, E and F have arrived at one time to be processed on 4 single
machine. Assuming that no new jobs arrive thercatter )

1

Tob A
Processing time (minutes} 7

Determine the;
(1) Optimal sequence using SPT rule
(Ii) Completion time ofthe jobs

{iv) Average m-process inventory. (Provide solution)

Question 102:

a. Define transportation problem

b.  As the human resources manager of a consultancy firm and faced with problem of
allocation your client at different sites within the country. The firm has three network
branches and three clients. The first branches (A) is ready to sunply 10 staff; branch
(B), 20 staffand branch (C), 30 staff; while client X needs 15 staff, client Y, 20 staff and
client Z, 25 staff, You are provided with the unit transport costs as shown below:

Clients
X Y Z
A 100 N8O NI110
Branches N70 N 120 NS0
C N N60 N30

{1) Generatel the transportation tableau for this problem
(11} Optimize on your selution obtained in b(i) above, if possible.  (Provide solution)

Qucstion 48:
a. Listand explain the principal cost associated with inventory.
b. Given the following variables in inventory model
D = Annualdemand
Q = Quantity ordered
P = Costofplacing anorder
H = cost holding one unit in inventory
C = unitcost ofitems in inventory
I = Annual inventory carrying charge
(i) Write the equation of the total inventory cost and hence derive the economic

ordered quantity from the relation
{11) Under what condition(s) is the EOQ mode! applicable?
(Provide solution)
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Question 103:
a. Compare and contrast, critical path method (CPM) and performance

Evaluation Review Techniques (PERT). o
valuation Review 1¢ ques ) from each machine is used 1o determine whether or not the mean tensile strength

varies from machine to machine. This isillustrated below:

b, Aproject schedulc has the following charactexistics.
Activity| 1-2 1-3 24 3-4 3.5 49 5.6 5-7 6-8 7-8 8-10 9-10 7 B
——T7 1 1 1 6 5 4 8 1 2 5 7 C D E F
Days) 17 15 21 13 15 19
: 6 20 16 17 21 15 | (ANOVA)

(IyConstruct the network diagram for this problem ' 14 18 18 21 15 18
(i1} Dctermine the critical activities and the project completion time. 19 14 17 17 20 19

(Provide solution)

Perform the analysis of varia_,nce at the 5% level of significance and indicate whether
or not the treatment means differ significantly.  (Provide solution)

Question 104:

1. Supposc we have data on the quarterly sales of LASU SPTS Departmental stores Question 106:

for 4 years as follows: a. State six basic steps in hypothesis Testing.
b. Define the uniformly most powerful Testin Hypothesis Testing.
YEAR QUARTERS (N '000) c. Given that
1 2 3 4 ) o

2002 70 41 53 83 Yi=a+bxi+ci
5003 7% 44 48 35 And the understated data.
2004 83 54 51 96 . .

005 85 49 54 89 ?l“ i

Apply the ratio-to-moving averages method to eliminate the irregular variations and
adjust the quarterly averages to obtain your seasonal indexes. Determine the effects
of seasonality of sales in 2004,

L O 00 ~]

I
2
4

(Provide solution) ; :
(l) Obtain the regression equation for the data.
Question 105 , (11) Calcu}ate the goodness of fit for the equation obtained in c(I)
a. Distinguish between one-way and two-way classification under the analysis o1 ] (Provide solution)
variance technique. i

b. A sample of size n is sclected from different k populations with the assumptions Define the following terms:

that the k populations are indcpendently and normally distributed with means Mi M2 () PERT

..., Mk and a common () CPM '

Variance. Lct aij == the jth observation from the ith population, Sij = the deviation of 8:3 glr cclf(:dence diagram
ac

the jth observation of the ith sample from the corresponding population mean and p.
==¢ffect of the ith population.

Show that aij = p + p; + £ij where u, = mean of all the u; Six different machines arc
being considered for use by the manufacturing firm. The machines are being
compared with respect of tensile strength of the product. A random sample of 4 seals

(v) Critical path
(vi) Events
(vil) Activities

b. inen the following diagram, determine:
(120) (1) The length of each path
" Eu)) Thecritical path
i) Theexpected length '
i P ength ofthe p(rlcy f)ct




(tv) Amountofslack time for cach path

{¢) Using the network diagram: ' o
{1) Compute the Earhiest starting time(ES) and the Barliest ﬁr_nshl_ng time(EF).
{11) Compute the latest starting time(L8) and the Latest finishing time (LEF),

{Provide solution)

Question 107; _ _
The fellowing table shows the consumer price indexes and whole sales price
indexcs tor some commodities given for the years 1990 - 2000

1993 1996 1997 1998 1999 2000
HS3 HiB4 1204 119.6 1233 1225

1991 1992
oG8 1121

1993 1994
113.2 114.7

Year
Clonsumer
price index
V‘fh{ J! &

sale price

1590
101.4

LR 102 1157 1124 1003 1124 1124 1166 1182 [19.7 118.8

(1) Construct various inderes (a) Various parts you know  (Provide solution)

Question 108; ]

a. Distinguish between qualitative techniques and quantitative techniques of fore
casting, and for cach classification mention and briefly describe any three methods
known o you

b. The ABC storcs Ltd has kept records of its sales (in square yards) cach year, along
with the number of permuits for new houses in its arca.

YEAR 1999 ] 2000 12001 2002 2003 (2004 12005 |2006 2006
PERMITS] 18 15 12 10 20 28 35 30 20
ALES 13,000 12,0007 TT,000] 10,0001} T4.000 | T6,000[ 19,000( {7,000 | 13000

1

I Uscthe least squares method to fore cast sales for 2008, assuming that 25 permits
for new houses are to be issued next year.

11 What is the type and degree of association between permits for new houscs and
the sales of ABC STORES [.td? {Provide solution)

(122)

Jucstion 109:

‘-a. Describeany five objectives of management in designing and installing a
quality control programme.

h. -Mention and briefly describe any four consequences of poor quality.

‘. A quality inspeclor took twelve samples, cach with five observations, of the

length of time (in minutes) to process a loan application at a credit union, and
computed the respective means of the samples as follows:

SAMPLE 1 2 3 4 5 6 7 8 9
I

10 11 12

MEAN 10.28 10.17 10.07 10.09 10.31 10.16 10.12 10.27 10.34 10.30 10.05 10.

(1). Usc the above information to sct up a 3- sigma control chart to control the
means of future loan processing times. 1t is known from previous ¢xperience that the
standard deviation of the process is 0.02 minutes.(Note: Do all your calculations to 2
decimal places as necessary).

(ii). Mention your condition that indicates that a process is out of control when
using control chart. {Provide solution)

Question 1 10:

a. What is production management?

b. Differentiate between production management and projoct management.

. What is production management?

b. Differentiate between production management and project management.

¢ Fita trend line to the following data by the semi-average method and hence

predict the likely sales of the company by 2005.

YEARS | [980 [198] {1982 | 1983 ] 1984 | 1985 11986

SALES | 102 [105 114 (110 | 108 116 {112 (Provide solution)

QQuestion 111;
ABC of planning a new opcration which will involve the tollowing activities and time
duration.

ACTIVITY DESCRIPTION DURATION PREDENT ACTIVITY
amB
[ Design Logistic 4 26
Solution
I Refine logistic 3 45 1
Sotution
(123)




Question 113:

A Nigerian operatibnal research consultant hag formulated the marketing
111 Prefare planning 537 1 . decision situation shown in this matrix format below for ashoe making firm in Lagos,
ication
Aot 1l STABLE(S/) TURBULENT(S2) UNSTABLES(S3)
321 N N N
v System
i jiks
ReiCEE 1 Maintain oldshoe 4500 1,500 1,750 |s
: 226 ' i Hesign "
1 : —
v ]S:ﬁipfgl}lfgrfNegO Fialig ; Dlvgrsﬁ]y Into new 250 3500 -7,100
roduct line :
| Obiainplanning 759 1 | Acquire morc 3,500 4500 650
T Conent oot it 03 0.5 0.2
robability : . .
VII  Mechanical/Handling 234 i
: ¢ {a) Analyze the situation completely with all the availabjc criteriy assuming a criterion
EgRIpED of realism of 60%
Building contrinction 141 v i (b) A company maintains a chequering account at bank with a special provision for
IX LVII automatic borrowing. Ifthe account balance falls below N2, 000 the bank automaticall ¥
Tractor procusement 20 12 40 VI, transfers N5000 into the account as a loan. The probability distribution ofthe com pany's
X Clirsiient nctdaily deposits and withdrawals arcas follows, |
Trailar procurcment 2 46 VI, IX Daily Probability Daily Probability :
£ - Depusits distribution withdrawals  distribution i
' ) . 1000 0.21 2000 0.04 :
o rk for these tasks. (Providesolution) | 1500 0.37 2500 0.09 ‘I
Draw the nctwo | 2000 0.25 3000 0.18 |
2500 0.17 3500 0.26 h
) ) " 4000 0.28 ‘
Question 112: d by forecasting? Arc there any differences in rtncl _ 4500 0.15 i
between the concep Kequired to simulate' 10'days to determipe:
production Floas saiEs taD The average bank balance j
Fit a straight line trend of the Y=atbx by mCthﬁd 0 cisdié?th ¢ valdl /1) The average time between '5000 loan transfer into the account, assuming that |
? llowi ltim;: scries data. Compute the trend value and hence p the initial balance is N2000 and Random
oliowing .

production by 1976, 2000. .
7
YEAR 1960 1961 1962 1963 1964 1965 1966 196

Deposit numbers: 83,70,06,12, 59, 46, 54,04, 51,99 Random,
Withdrawal numbers:46,64,09,48,97,22,29,01 40,75

Provide solution
5 14 15 16 16 17 18 (Feovidesalugon)
PRO(000) 11 13 (Provide solution) icstion 14
) Describe one technique used in determining an initial feasible allocation in a
fLnsportation problem .

(125
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{(6)The ABC Company must by the end of the ycar open another plant to support its H

present three plants Tiebu-ode, Enugu, Thadan
BENIN PORT- ILORIN SUPPLY J
HARCOURT

ljebuode 3 6 12 300

Enugu 5 7 6 400

Ihadan 8 2 5 590

Demand 400 480 410 1290

(Provide solution)

Recommend an appropriate sitc using ; an initial feasible allocation technique.

Question 1135:
(a) List; the assumptions of Markov Analysis

(b) The Undergraduates of Marketing Department 1n LASU conducted a market
survey of three (3) competing products. Bourn vita, Milo and Nescao Sand
discovercd that they are faced with the following probability situations (100

customers were surveycd)

OFf 100 customers currently using brand A, 80 will stay with A, 13 will switch to

brand B, and 7 will switch to brand C.
_ Of 100 customers currently using brand B, 67 will stay with B, 15 will switch'to
brand A, and 18 will switch to brand C OF 100 customers currently using brand C, 90
will stay with C, 4 will switchjOverto brand A, and 6 will switch to brand B.

The current market share is {0.40,031, 029)

Required:
(i) Devclop thesurvey matrix for the three brands ;
(ii) Calculatcthe period market share for, Bournvita, Milo and Nescao,

(lii) Calculate the stable market sharce (Provide solution)

Qucstion L16:
(a) What is a decision tree? State three advantages of decision trees and three states OT

decision environments.

b Given the following situation about Henry Investment PLC:

(126)

DECISION STATE

ALTERNATIVE BOFNATURE

Al AN N2 N3

e 20000 15500 30000

A3 15000 | 25000 35000
25000 18000 22000

Establish‘the kind of decision that will be taken if we employ:
(:) Hurwitz's criterion (let 85 be 75%) |
(1i) Laplacecriterion

(111} Minimax criterion {Provide solution}

Question 117:

Whaltis Project Managge

anagement? State any two (2) techniques used in Proje
I‘»ganugcmcnl analysis and different between them. ? Sl Project
{b}The table below shows the most optimistic, realistic and pessimistic time.

Activity Time duration in days
Sequence A M B
f\ 3 4 5
D 4 6 14
| 4 i 12
. 6 & 10
15 8 10 24
5 5 7 9
p; 4 5 6

3 4 5

Estimate

(1) The expecied time for cach activity
(ii) Standard deviation for each activity

(lit) . Standard deviation ofthe path of the activities. {Provide solution)

Question 118;
S;gffsg the Lagqs_Statc Bu_lk Pu-rchasing Company is faced with some irresistible
quan\ti{ig; CC:P; 02 lti )s(u;l):phers in order to encourage the company buy larger
: roduct X. For any quantity purchased up to 400 units i
. 0 pu : ts, the pricc
unit is N100.00 any quantity up to 800 units would attract a discount of IpS%. Egi

(127)




ier is willi i i t of 20%.
A antity up 1200 unit or morc, the supplier is willing to give S ifgﬁunc gsts aroe
fkfiy\q;lnntla); Demand of the product is put at 90,000 umctl. ; I1r urangcc st are
; :?m;lcd at N45.00 per order while carrying costs include: Ins
10 ' ates N15.00. |
Storace costs N15.00 and Taxes & Rates N ' N
f;:i;%ﬁ;;s if it is profitable for the company to take a@vaar}:%g}lco ‘(z;fytofr e
¢ *t(,rq 1f so, which of the price ranges would you recommend.
ulters. :

cieorly. (Provide Solution)

A i i sion of the
ﬁ%l\_lt:bil;’ nos State University Council has rccen‘;ly approve(? ch tiiic?heﬂtcrs e
[a::ﬂty %Jf business administration building to include extra lec

i 3 > provided below:
offices. Relevant information relating to the tasksarc pr ovided

Table 1 - e -
' EIF |G

Tasks AlIB LC [D —E e
Proceeding 1~ |- |- B [A 1€ |D

Tasks

'{‘;;1: 213 | 115 131412 |35 |6

Iaration
fnweeks
i

o, tagram for the project
: Draw the Network Dhagram fo joct I
2:1) ) Dc‘tcrminc the critical path and the pr('JJ'wt[wT}l,p;;:EE jum,
[ ¢ s ol the critical pa ‘
hat arc the unique fcatures o I ctt -
E:VI; }/that ways is the Critical Path Mecthod (CPM) different fromthe
project o .
Evaluation review chhmquc,b( RD duetion
12 List and explain the criteria for asscssing the cffectiveness of the produ
ERI W 1 H

(Provide solution)
Ly STCIN,

‘ : ¢ 125 L e é

gales information for the second and third quarter ofyear 2010,
ote: 1 month= 1 Period

Tahlc 2
2 Quarter 2010 3 Quarter 2010 -
{W:ﬂg April v |Junc |July {.uu Scz%t Octor?c
acl)c‘s ‘ 4%0 500|490 |600 32250 823 /
Weights 010 loaa loas joag o .

(128)

Required

(1} Use a three period moving
Seplenber 2010,

(11} Predict the sales for September 2010 using a
(i) Use the weighted moving average forecastin
figure for the month of October,

(1vy What advantage, ifany, does the weighted moving average method have over

the simple average method offorecasting? (Provide solution)

average to predict the likely sales for August and

five-period moving average,
gmethod to predict the likely salcs

Question 121

An MTN customer service manager
smoothing method 1o forecast the number of calls he i1s likely to receive in the
voming peak period of December 2610, The forecast for November was 5500 calls,
Fhe calls actually received in November was 5060, Ata smoothing constant o x =
.45, assistthe menager in making his forecast for Decembes 2010.
{(Provide Solution)

‘intends to use the exponential

Questian 122;
Ihe Managing Director XYY Company, Miss Onyinyechi Nw
with the problem of how 1o optimally assign her four lield
seographical sales territorics in an attempl t
I these territories. An

achukwu is faced
sales supervisors to four
o strengthen the company s dominance
assessnient ef the strength ol cach supervisor in units of sajes
achievable perday has been carried out and resuits are as shown below:

Estimated Sales in each Territory

Sales Supervisor | A B |C D
1 82 [39]60 50

[

72 184 R0 92
39 1447130 76

fad

4 o0 RO 90 42
Reguired:
ta) Assign the Sales Supervisors to the sales territories in the most optimally
Maner using the Branch and Baund Method. What is the
ih) Listthe steps involved in solving
Boundmethod is adopted.

value of vour allocation?
an assignment problem when the Branch and

(Provide Solution)

the Production Manager of Company XYZ, Miss Biodun Idowu has six Iebs 1o
Process thirough the job shop on the available three machines (A.B&C).

Each jok
s aspecilic routing and timing

pattern. Suppose you have been consulied to Assis:

(129)




i recommending an optimal sequeneing pattern for the jobs through the machines, the
iotlowing information may be requircd by you mrespect of'the job.
Tables3

JOBS]I SEQUENCES & TIME TOTALTIME DUE DATE
] C(2). A3, B(12) 7 10
] A, C2),B03) [ 9
3 B2, AT 3 T
T BT CAL A U B
5 CT3T.A) B g
G A3, BEL.CT 7 1)

Reguired: )

(1) Optimally sequence the jobs through the job shop using the First Come, First
Served (FCFS) RULTE.

(by Determine the following (rom the table 3 above

(i) The Number of late jobs, ifany
(1) The Average tlow time
(1) The Minimum lateness

Resolve any tieusing First in__S;[f‘gc_a_};]L[?iﬁLig_x‘\»‘ed_(F!SFS) rule.
() lz\pl;linlhccnnccptol‘_luhchucncingund5c1‘ics. {Provide Solution)

Ouestion 123

o The Performance of the Nigerian Manulacturing sector has not been 100
HNpressive inrecent years. Identify and briefly discuss the probiems and challenges
lacing the sector. What recommendations would you profter as solution to these
problems?

b, Using conerete examples, difterentiate between a Continuous Production System
and an lnlermittent Production System.

¢, Listand explain atleastfive (5) function of'the production manager.

(Provide Solution)
Question 124
Consider the following linear programming problem:
Muximize: 2= - 2% -x. F3x, - 5x, - 8x, .
Subject to: In - 5K YR T X 2K 56
Ixel Breori ik, LB 9
X, +F X~ 55, - T IR = 1{}
X, 2007 10090

(1) Write out the dual of this problem.
(i1} Solve the primal problem for optimal solution.
(1) Determine the optimal solution to the dual.

(Provide Solution)

{130)

{vestion 125:

(a) Define the following precisely:
(1) A linear program
(i) Praportionality test and additivity test.

{i11) Slack variables and artificial variables,
(Provide Solution)

ih Examine the following problem for degenerary:
Max Z=x%, + 5%,
Subject to 5x, Fox. <30

ax, +2x, <12
-, +2x, <10
x,»00=1.2)

(€] Show that the dual of the dual problens is the primal problein.
(Provide Solution)

Cuestion 126:

A metal products company produces four products as outputs, all made of metals:
serving trays, ash travs, bookshelves and lunch boxes. 1t uses two commodities as
mputs, sl‘wct metal and labour. Input-Output relationships, resource available and sales
prices aloutputs are shown below:

OLpULS Nerving Ash 13ook Lunch  Resource (input)
Ilnpuis tray tray  Shelves box availabilitics
sheet meuwl S | i : & 100
abour 3 2 Ji 5 [25

Sales price | 2 1 10 7 -

er unit (N)

| ormuiate and solve the problem as a lincar programming problem.
(Provide Solution)

Cestion 127
[ gdder o ¢ . EYIPN - s ” : ] : . e

onsider a s.m-all factor which produces picture frames. cabinets and [ligurines. To
pmducg those items only wood and labour are assumed to be required, but there are
Lestrictions on the amounts of woods and labour available. The reguirements
restrictions, and values o outputs are surmimarized below:

Units of Units ofUnit value
. wouod labour of output
Per picture frame 3 1 :
Per cabinet 4 3 19
(131




3 7

Per figurine
Axailable material

1 —
rh

INear progrs ‘e have
Formulating as a linear program we h

| !
Oy |
Max BB L et T, - =M,
-~ = oo Tl 3 -
SUhjeCt 10 3x, f 4}\: X,
x, % B, I 3x L 50 =
xlz0@=123) i
. [ .
“picture frames. cabinets -5/4
x, respectively are the numbers ol pieture [1‘31111;,\ C o wet the /
Vhere x,, X.. X, res / ) ine is lack variables we get
\} here \-;‘duécd in a given ime period. Adding is Tack varable ‘ M.
, ipurines pro 45 - ,
anc Lgurmes procy B 0 9/4 19/4 0 47504
fullowing tableaus: i| =
50 l 0 13 -1/9  25/9
xl x2 x3 x4 \)’ i[-5:9 0 I -1/3 4/9 12509
Lo R = ] - Si—— -
¥, | 3 1 . 0 1 5 0 0
30) | 3 J R
" ' : g
a5 |2 g 9 2 u o e e o .
/ £ i I Determine prvotmatrices FF. such that My = FM/m - F.M. and hence,
4 % T deterniine Q such that M, - Qm,.
- SN .. 2 ; s Lo o ; ” .
N ) | » L4 0 =M 1) What is the dual of the titial problem? Determine anoptimal solution to the dyaj
L & from the informagopn 2ivenabove,
4 Fidinterpret the dual probiem. What are the dual activities and dual variables and
7 lualvariables”
o 944 34 - ‘ . .
125 540 Provide Solution
3
!
15¢) 3 0 i l B Aestion | 28:
- 13 ol | =m3 {a) Giventhe following sequence oftableans and information that some
25 89 1 0 - tries I M* gre incorreet, indicate which columns of M * contain error,
= .
’ 479 2 -3 I 0 0 0 {
175 _5{0 ¢] 1 -143 . T - =
) 2 l A 1 0 0 0
L 0 2 ! 0 ] 0 0




) ! -6 -3 5 | ) ] 0 I
_Z(fi 3 o 4 0 0 l 2 0
0 -1 2310 ¢ 0 I -75 0 g 0
M¥=1| 0 3 =173 { 1 0 /5  -1/5 0
2 6.3 110 | 4l U 2i8 10 0
g -d6°s 21710 ] 0 (0 =15 100 ]

Formulate, but do not solve. An assembled item consists of two metal parts.

e milling work can be done on different machines, milling machines, turret lathes,
r an automatic turret lathes. The maximum output of each type of machine, if
devoted exclusively to making one of the parts for one hour, 1s shown in the following

table:
Number of Maximum output per machine per hour
Machines firstpart  second part
Milling machines 3 10 20
Turret Lathes 3 20 30
Aut. Trurret Lathes l 30 50

Njvide the work time of cach machine to obtain the maximum number of completed
ms per hour. (Hint: Apply the 5-step procedure in order to maximize the total
mber of {irst and second parts. Note that the total number of first parts produced
uals the number of second parts.)

Provide Solution



