The Simplex Method. Solutions

1. The following are the maximization standard forms of the models:

1.1

max z = 21 + 4ag — 4ay + 4afy + 0z + Oxs
subject to

3x1 + 2wy +4aly — 4wy —xy =1

41 — 319 = 2

221 + x9 + 625 — 625 + x5 = 3

/ " / 1/
T1, T2, T3, T3, Tq,T5 > 0,3 = T35 — T3

1.2

max (—z) = —2xy + 3z — w3 + Oxy + Ox;
subject to

r1— 9Ty +6x3 — x4 =8

—x1 +4x9 — x5 = 12

201 —x9+4x3 =5

T1,T2,T3,Ty4,Ts Z 0

1.3

max (—z) = 2z} — 2z + 4x3 + 0z4 + Oz
subject to

=22 + 29 + 223 = 10

—2x) — 629 + 13 — x4 = 10

2y + 3wy — x5 =3

/ /
Lqy,X2,T3,Ty4,Ts Z 071'1 = I

1.4

max z = —3z] — T2y + bay — by + 0z + Oz
subject to
—Tytay—ah — x4 =9
/ / /
Ty — 2w 4+ 2z — x5 =5
/
—4x; — 29 =6
/ / 1 > 0
$1,$2,$3,$3,ZE4,$5 =

! . / "
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2. Basic solutions and their corresponding extreme points in the graphical representation.

21’1 + 51’2 =20

There are 10 basic solutions.

5
e B=(ajaza3),xp=| 3 | >0, $1—g,$2:3 — B
3
6
e B=(ajayay),xp= 10 | 20, x1=06,20=10
—42
0
e B=(ajaza;),xp=| 4 | >0, 21=0,29=4 — A (degenerate)
6
1
e B=(aja;ay),xp = 5 1>0, z1=112,=0 — C(C
18
10
e B=(ajaza;),xg= 14 | 20, 21=10,20=0
—18
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—4
[ ] B:(a1 3435),XB: 28 ZO, 1’1:—4,1’2:0
10
—2
oB:(a2a3a4),XB: 6 %0, I1:O,SL’2:—2
30
4
e B=(ayaza;),xp=| 0 | >0, z,=0,20=4 — A (degenerate)
6
4
e B=(ayajas),xg=| 0 [ >0, z7=0,22=4 — A (degenerate)
6
4
oB:(a3a4a5),xB: 20 >0, z1=0,29=0 — O
2

3. The optimal solution: z7 =1, a25=1, 23=0, z*=7.

4. zy—cy =1, z5 —c5 = 2 and 24 — cg = 1 are positive, and thus, it is proved that the basic
solution that corresponds to the basis B = (a; ay a3) is optimal. The optimal solution:
=1 z5=3, z5=1 2" =13.

5. Verify the correctness of the two columns and compute the missing values.

2
5.1 Vectory,; = | 2 | is not correct, because y; = B~'a; does not hold.
1
1 =2 0 3 1
_p-1 — 1 — 1
yl - B a; = O 5 0 1 - 5
0 -1 1 2 1
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—2

5.2 Vectory; = % is correct, because y; = B~1a; holds.
—1
1 =2 0 0 -2
ys=Blas =10 10 1| = :
0 —1 1 0 —1
5.3 The missing values:
4 2
Y3 = % ) 23—63:—1, XB = 2 ) z=38.
2 4

6. The solution to the linear models and the identification of the extreme points in the graph-
ical representation.

. O « _ 18 % _ 4
6.1 The optimal solution is unique, z] = <, x5 = :.

2

e B=(ajay), xp= , 11=0,29=0 — A
12
2

.B:(a1a4>7 XB = ) .’L'1:2,x2:() — B
4
18

e B=(ajay), xp= 54 , a:*l‘:%,ag:% - C
5

. max

41‘1 — 31’2 =12
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6.2 The optimal solution is unique and degenerate, 7 = 6,25 = 0, z* = 6.

6

e B=(a,;aya;), xp= 6

e B=(ayasa;), xg=| 3 |, z1=0,20=1 — A

e B=(ajasa;), xp=| 18 |, z=6,20=0 — B

e B=(aja a3), xp=| 18 |, zi=6,2z3=0 — B

T3 2%1 — 31’2 =—6
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6.3 There are multiple optimal solutions, z* = 12.
4
e B=(agasa5), xp=| 6|, z1=020=0 — A

2

oB:(a3a4a1), Xp = 2 s 1’1:2,5[‘2:0 — B

e B=(ajaya), xp=

—233'1 + 2:[,'2 =4

X2

2131 —21’2 =6
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6.4 There are multiple optimal solutions, z* = 5.

)
e B=(aza, a;5), xp=] 2
4
1
oB:(a3a2a5), XB = 2 , 1'120,5[‘2:2 — A
6
1
2
e B=(a,aya;), xp= 21, 13=023=2 — B
13
2
8
3
B = _ 1 * 13 k1 C
° —(&4&2&1), XB = 5 y T = 3,Ty =3 —
13
3

max .

[I§'1—[E2:4
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6.5 There are multiple optimal solutions, z* = 6.

2

e B=(azaja;), xp=| 6|, z1=01,=0 — A
2

.B:(ala4a5)7 XB = 2 , T1=2,2o=0 — B
3
5
2

e B=(ajaa5), xp=| 1|, si=3235=5 — C
3
2
1

e B=(ajaya;), xp=| 2 |, zi=La5=2 — D
3
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6.6 The solution is unbounded.

e B= (awl aw2)> XB =

e B= (awl 31)7 XB =

° B:(a2 al), XpB =

ot O

max
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6.7 The solution is unbounded.

4
e B=(ajasa;), xp=| 3|, 21=0,20=0 A
2
1
oB:(a3a2a5), Xp = 3 s x1:O,x2:3 B
8
1
2
oB:(a1a2a5), Xp = g 33’1—%,272:% C
21
2
K
max .
VAN
/le—xgz—?) 1
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6.8 The problem is infeasible.

4

° BZ(a3 Ayl 35), Xp = 6
2
16

3
L B:(a3 Ayl 32)7 XB = %
2
3

3

e B= (-':13 Ayl al), XBp = )
1

2[L‘1 +3(L’2 =2
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7. The solution to the linear models.

7.1 A unique optimal solution, 7 =0, 25 =8, z5=0, 2" =16.
7.2 A unique optimal solution, ] = =1, z5=7, x3=0, z2*=-12.
7.3 A unique optimal solution, 7 =5, x5 =6, z5=0, 2= -13.
7.4 Multiple optimal solutions, z* = 24.

7.5 Multiple optimal solutions, z* = —73.

7.6 The problem is infeasible.

7.7 Unbounded solution.

7.8 The problem is infeasible.
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