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SECTION B
Q3
(2) The objective function (to be minimized) is
S1x) =-0.30x; — 0.34x; — 0.37x3 — 0.39x4
subject to (use of regular)
x1+0.9x; + 0.8x3 + 0.7x4 = 64x10°
and (use of octane)
0.1x2 + 0.2x3 + 0.3x4 = 12x10°

[10%]
(b) The initial tableau is
1 0.9 0.8 0.7 64x10° Rowl
0 0.1 0.2 0.3 12x10° Row?2
030 -034 -037 -039 0 Row3

For the given initial feasible solution, x; and x4 are the initial basic variables, hence in canonical

form the initial tableau is

U |l

1 2/3 1/3 0 36x10° Row4 = Row1 — (7/3)Row2

0 1/3 2/3 1 40x10° Row5 = (10/3)Row?2

0 -001 -001 0 264x10° Row6 = Row3 + 0.3Row4 + 0.39Row5

Here there is a choice of entering variable, the reduced costs for x; and x3 are the same (-0.01).
Choosing x,, the leaving variable is xi, 36x10°+(2/3) being less than 40x10°+(1/3). Hence the next
tableau (in canonical form) is

U |l
3/2 1 1/2 0 54x10° Row7 = (3/2)Row4
-1/2 0 172 1 22x10° Row8 = Row5 — (1/2)Row4
0015 0 —0.005 0 26.94x10° Row9 = Row6 + 0.01Row7

Now x3 is the entering variable (the only —ve reduced cost) and x4 is the leaving variable,
22x10%+(1/2) being less than 54x10+(1/2). Hence the next tableau (in canonical form) is

U U
2 1 0 -1 32x10° Row10 =Row7 — Row8
-1 0 1 2 44x10° Rowl1l =2Row8
0010 0 0 0010 27.16x10° Row12 = Row9 + 0.005Row11

There are now no —ve reduced costs so this is the optimum.

The optimal balance of fuel production is x = (0, 32x10°, 44x10°, 0).
[70%]
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(¢) In phase 1 of the Simplex method additional variables (one per constraint equation) are
introduced and a new objective function is defined. In this case the new constraint equations are

x1+ 0.9% + 0.8x3 + 0.7x4 + x5 = 64x10°
and
0.1x; + 0.2x3 + 0.3x4 + x6 = 12x10°

and the new objective function (to be minimized) is

fx)=x5+xs6
Hence the initial Simplex tableau is
1 0.9 0.8 0.7 1 0  64x10° Rowl
0 0.1 0.2 0.3 0 1 12x10° Row?2
0 0 0 0 1 1 0 Row3

The additional variables (x5 and x¢) are the initial basic variables.

Solving this problem will yield a solution with x5 = x¢ = 0 and f{x) = 0 which satisfies the original
constraint equations, thus giving a feasible initial solution for the linear programming problem.

[20%]
Q4
_ 2 2
(a) The task is to minimise f=-1I= Z315r7n”
6r +91 +10¢t
subject to 2arlt -V =0
and 2mrn—L=0
[10%]
. -31.5r%n?
(b) The Lagranglan is {= m + ﬂ‘l (27H’lt - V) + /12 (27zrn - L)
Therefore, the first-order optimality conditions are
_ 2 2 2
% _Z63m (Z,++9gl,++1103):189r " A2zt + Ay 2m =0 )
2.2
%z 283.5r“n + A2t =0 @
ol (6r+9!+10t)
2 2
ot __315rn” L omi=0 3)
ot (6r+9!+10¢)
2,2
o __=8rn L om=0 @
on  (6r+91+10¢)
2mrlt—V =0 )
2mn—L =0 (6)
2):(3) = % = 33%5- 09 = (=09

- 9.
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63rn

From (4 S — 7
© 27 (6r+91+10¢) o
_ 2
From (2) 2yt = 22T - ®)
(6r+91+10¢)
Substituting in (1) using (7) and (8)
—63rm® (6r +91+100) +189r°n> _ 283.5km® 63’
. (6r+91+10¢)? (6r+91+10¢)2  (6r+91+10¢)
—631/ L 1892 283.5Im® 63M o
(MHW) (6r +91+106)  (6r+91+10¢)? (6/r<(91+10t)
189r2n2 =283.5Ir? = r=gi8§§'—5—l = r=15I
Using these results in (5)
1
2rlt = 22 (1.5DI09) =273 =V =—2— = P=—— [=1/27m
it =27(1.5DI(0.91) 7290 19683
and hence r= =
L 27
Using (6 == n=18 turns
ng (6) " 22(1/18)
31.5r%n% 31.5x[1/18] x[18)%
and so I= = I[=31.5uH
6r +91+10t  (6x[1/18]+9x[1/27]+10x[1/30])
[70%]

(c) The sensitivity of the objective to the constraints is given by the values of the Lagrange
multipliers.

2
From (8) A= 283.5rn _
27t(6r +91 +10¢)
63rn
and from (7 =
@ & 272(6r +91 +10z)

From part (b) we know that, for the values specified, (6r +9] + lOt) =1
_ 283.5x[1/18]x[18]?

A = = 24365
27 x[1/30]
and Ay = 63"[”218]"[18] =10.03
T

Thus, increasing ¥ by 1% changes I by 0.014,V =—0.01x 24365 x 72”90 = 0,105 uH

and increasing L by 1% changes / by 0.014,L =0.01x10.03x 27 = 0.63 uH
[20%)]
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