Decision Mathematics 1 SolutionBank

The simplex algorithm 7D

1 a Rewrite constraints using slack, surplus and artificial variables.
X+3y+s, =15
X—y-s,+a =11
X, Y,8,,S;,,8 20
Let I=—a, =-11+X-y-s,
Formulate initial tableau and iterate.

Basic
vertesa | y Si 5 a, | Value | @values
5, 1 | 3| 1| o0 0 15 15
a 1 -1 0 -1 1 11 11
P —2 -1 0 0 0
' 1] 1 0 1 0 -11
Basic S
variable X y . 52 % Vel operations
S, o | 4 [ 1 |1 4 1 R1-R2
X 1 | 1| 0| -1] 1 11 old R2
P 0 -3 0 | 2 2 22 R3 + 2R2
I 0 0o | o | o 1 0 R4 + R2

I =0 so basic feasible solution has been found. Formulate initial tableau and solve the problem
using simplex algorithm.

Basic
variable | % y 2 s, | Value | @values
S| 0 4 1 1 4 1
2 1 -1 0 -1 11 11
P 0 -3 0 -2 22
i Row
Basic .
variable | * y S S, | Value | operations
y o | 1 | Y | 1|  |OdRL+4
4 4
X 1| o | Y| 3] 1 | R2+RI
4 4
P o | o | 3 |5 5 | R3+3RL
4 4
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1 a continued

Basic
variable X y S s, | Value | @ values
1 1
y O 1 — — 1 4
4 4
4 4
3 5
0 0 | >~ |- | 25
i 4 4
Basic Row
. X -
variable y S s; | Value operations
S> 0 4 1 1 4 OldR1 x 4
i 1 3 1 0 15 | R2- % R1
5
P 0 5 2 0 30 | R3+ b R1

Optimal solution is P = 30 when x =15,y =0
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1 b Rewrite constraints using slack, surplus and artificial variables.
Maximise P=-C =-x+3y -z, subject to

X+2y+s =12

2Xx—-y—-z-s,+a =10

X+y+z—-s,+a,=6

X, Y,2,8;,8;, 85, 8,8, 20

Let 1I=—(a, +a,) =—16+3x. Formulate initial tableau and iterate.

Basic
variable X y Z S = S a a, | Value | @values
o 1 2 0 1 0 0 0 0 12 12
a 2 -1 -1 0 -1 0 1 0 10 5
a, 1| 1|10 |o0]| 2] o0 1 6 6
P 1 -3 1 0 0 0 0 0
| -3 0 0 0 1 1 0 0 -16
Basic Row
variable | y ’ % 52 % & | VEE operations
5 1 1 1
ol 5 |5 | 1] 3 o | - 7 R1- R2
E 2 | 2 2 > | 0
X 1220 [ =] o | 2 0 5 R1+ 2
2 2 2 2
a, 0 S 3 o | 1 g | -1 1 1 R3- R2
2 2 2 2
P 0 —§ § 0 1 0 —l 0 -5 R4—- R2
2 2 2 2
| 0 —§ —§ 0 —1 1 E 0 -1 R5+ 3R2
2 2 2 2
Basic
variable X y z S S, S = a, Value 0 values
5 1 1 1 24
0 Py Py 1 - 0 -= 7 fand
B 2 2 2 2 0 :
1 1 1 1
1 ) 0 ) 0 Py 0 5 -10
% 2 2 2 2
1 1 2
a 0 3 & 0 = -1 | == 1 1 z
2 2 2 2 3
5 3 1 1
o | -5 | 3 0 = 0 -= 0 _
i 2 | 2 2 2 5
3 3 1 3
' 0 | 5 |5 0 |51 = 0 -1
2 2 2 2
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1 b continued

Basic Row
variable | y ’ % 52 % & | VElLE operations
1 1 1
5, 0 0o | 2| 1 |-L] 2 - 2 B R g3
3 3 3 3 3 2
X 1 0 0 o | 1] -1 1 1 | rotlrs
3 3 3 3 3 2
y 0 1 1 o | 1] 2] 2 2 2 2R3
3 3 3 3 3 3
P 0 0 4 0 4 I . > 101 R4y R3
3 3 3 6 3 2
| 0 0 0 0 0 0 1 1 0 R5+g R3

I=0 , so we have found a basic feasible solution.

Basic
variable X y z S, S, S, Value | @ values
1 5 16 16
0 0 - 1 -= — = —
> 2 3 3 3 5
1 1 16
X 1 0 0 0 —— -— — -16
3 3
y 0 1 1 0 1 2 2 -1
3 3 3
P 0 0 4 0 4 2 10
3 3 3
Basic Row
variable | Y/ ’ % 52 B | Vele operations
S, 0 0 8 3 1 1 16 3 R1
5 5 5 5 5
X 1 0 2 1 2 0 32 R2+1R1
5 5 5 5 3
y 0 1 1 2 1 0 14 R3+E R1
5 5 5 5 3
P 0 0 2 1 1 0 2 R3+§R1
Optimal solution isC=-2 (P =2 ) when x=3—:,y=%,z=0
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1 ¢ Rewrite constraints as equalities.
5X+z+s, =16

3X+y+z+s,=12

X—y+4z—-s,+a, =9

X, ¥,2,8,8S,,S;,8, >0

Let I=—a =-9+x—y+4z—s,Construct initial tableau and apply two-stage simplex algorithm.

Basic
varkle | 2 y z S, S, S, a | Value | @ values
Sh 5 0 1 1 0 0 0 16 16
Sz 3 1 1 0 1 0 0 12 12
9
a 1 | 1| 4 | 0] 0| - 1 9 .
P -3 1 -2 0 0 0 0 0
| -1 1 -4 0 0 1 0 -9
Basic Row
variable X y Z St S, S a Value SEETETE
s |20 Yl o] 1o 2| L2] 2| Rrirs
4 4 4 4 4
11 1 1
S, — E 0 0 1 = = Q R2—-R3
4 4 4 4 4
z T oo 2] 2 R3+ 4
4 4 4 4 4
S T U P PO PO B B R
2 2 2 2
I o | o[ o] o] o 0 1 0 | R5+ 4R3

I=0 , so we have found a basic feasible solution. Proceed to the second stage.

Basic
variable 2 y z S S, S; Value 0 values
1 1
S, vl 0 1 0 : %5 55
4 4 4 4 19
11 1
s, s 0 0 1 : 39 39
4 4 4 4 11
z Tl o o | 22 9
4 4 4 4
5 1 1 9
P - - 0 0 0 _= J
2 2 2 2
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1 ¢ continued

Basic Row
variable | J ’ % 52 B | Vele operations
X 1 L 0 4 0 L > iRl

19 19 19 19 19
s, o |2 o |- B2l 2] 2 rln
19 19 19 19 4
z 0 | =] 1 |-L] o |2 2 | Rlr
19 19 19 19 4
P o | B o | W | L 2| raidre
19 19 19 19 2
. X y z &1 s s Value | @ values
variable i $
X 1 1 0 4 0 1 > 55
19 19 19 19
o o | 2o | M|, 2]
19 19 19 19
S I T U I U O - BT I BT
19 19 19 19 5
12 1 7 22
P o | Bl o | B L 28
19 19 19 19
Basic Row
variable | y ‘ > 52 B | VElE operations
X 1 1 0 1 1 0 2 Rl—i R2
2 2 2 19
21 11 1 1
S, 0 — 0 -— —9 1 17 —9 R2
2 2 2 2
z 0 > 1 —§ > 0 6 F23+i R2
2 2 2 19
P 0 9 0 3 ! 0 18 R3+l R2
2 2 2 19
B"’.ISiC X y z S, S S Value | @ values
variable 2 °
X VI A= VT - (R 2 4
2 2 2
s, o | 2] o |22 17 3
2 2 2 11
5 3 5
z 0 — 1 -— — 0 6
2 2 2 -4
9 3 7
P 0 — 0 -— — 0 18
2 2 2
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1 ¢ continued

Basic Row
. X z .
variable J % 52 B | Vele operations
S, 2 -1 0 1 -1 0 4 2R1
S, 11 5 0 0 4 1 39 R2 + % R1
z 3 1 1 0 1 0 12 R3+ g R1
P 3 | 3| oo | 2| 0 | 2 R4+§ R1
Optimal P=24 whenx=0,y=0,z=12
2 Attempt using two-stage simplex method.
Rewrite constraints as equalities.
SX +6X,+s, =75
3X, +4x,—s, +a, =52
Let I=—a, =—75+5x +6x, —s,. Formulate initial tableau and iterate.
Basic X X S, S a, | Value | @ values
variable ! 2 2
2
S 5 6 1 0 0 75 ?5
a 3 4 0 -1 1 52 13
I -3 -4 0 1 0 —52
Basic Row
variable | X % %2 | Velle operations
X, > 1 1 0 0 2 R1+ 6
6 6 2
a —% 0 —E -1 1 2 R2 — 4R1
1 2
| = 0 = 0 0 —2 R3 + 4R1
3 3
No negative values in bottom row mean that the solution is optimal. However as | =—2=0,

there are no feasible solutions.
3 a i Surplus variable represents the amount by which a solution exceeds the minimum possible

value of a quantity.
il Artificial variable is introduced to > constraints alongside surplus variable s to allow s>0

b There are no negative values in the bottom row of the tableau, so it is optimal, and | =0, so there
is a basic feasible solution.
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3 ¢ Truncate tableau from the question.

Basic
vertesa | y z S | s s, | Value | @ values
S| 0 0 2 1 0 1 2 2
« | 1| o | Yok 2] 2B
2 2 2 2 3
1 1 11 11
y 0 1 -= 0 = _ e _=
2 2 ! 2 2
P 0 0 0 0 1| =2 13
Basic Row
variable X y ‘ ! 52 5 Vel operations
S3 0 0 2 1 0 1 2 R1
X 1 o | L1212 o0 % | re+lr1
2 2 2 2 5
y 0 1 3 1 1 0 o R3+ R1
2 2 2
P 0 0 4 2 1 0 17 R4+ 2R1
pasic 8 y z S s s Value | @ values
variable 2 3
S 0 0 2 1 0 1 2 o
7 3 1 35
X 1 0 — — S 0 = —
2 | 2 2 > 35
y 0 1 3 1 1 0 15 15
2 2 2
P 0 0 4 | 2 | 1] o0 17
Basic
variable X y Z S Sz S3 Value
S 0 0 2 1 0 1 2 R1
2 1 1 5 > 0 0 o5 | R2+1 R3
2 2
5 0 2 3 2 1 0 15 2R3
P 0 0 7 4 0 0 32 R4+ R3

Optimal solution is P =32 whenx=25,y=0,z=0,s, =0,s, =15,5, =2

© Pearson Education Ltd 2018. Copying permitted for purchasing institution only. This material is not copyright free. 8



