Linear Modeling and Graphical Solution. Solutions
Linear Modeling

1. The jam production problem.

Decision variables:

x;= number of kg of type ¢ one flavour jam to be produced, i = 1 (apple), 2 (plum), 3
(peach).

y;= number of kg of type ¢ two flavours jam to be produced, ¢« = 1 (apple+plum), 2
(apple+peach).

Linear model:

max z = (2—0.4)z; + (2 —0.6)x2 + (2 — 0.8)z3 +
1 1 1
subject to

9 > 160
x3 > 150

1 1
1+ §y1 + §yg < 1000

1
To + §y1 S 600

1
T3 + §y2 < 800

X1,T2,T3,Y1,Y2 Z 0
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2. The fruit salad production problem.

Decision variables:

x;= Quantity of fruit 7 in one kg of normal fruit salad, « = 1 (cherry), 2 (watermelon), 3
(mango), 4 (orange), 5 (melon), 6 (banana).

y;= Quantity of fruit ¢ in one kg of low calorie fruit salad, : = 1 (cherry), 2 (watermelon),
3 (mango), 4 (orange), 5 (melon), 6 (banana).

Linear model:

min z = 7(z1 +y1) + 0.9(xe + y2) + 4(z3 + y3) +
+1.6(x4 +ys) + 1.4(z5 + y5) + 1.5(x6 + y6)

subject to
250x1 + 100x9 + 150x3 + 40024 + 14025 + 9026 > 150
200z 4+ 90x9 + 2203 + 20024 + 160x5 + 280x6 > 200
120z + 60z9 + 5023 4+ 550x4 + 300x5 + 10024 > 200
700y, + 300ys 4+ 580y3 + 490y, + 300y5 + 900y < 400
200y; + 90y, + 220y3 + 200y4 + 160y5 4+ 280y > 100
120y, + 60y9 + 50y3 + 550y, + 300ys + 100y > 250
T+ 22 > 0.1(21 + 29 + T3 + T4 + 25 + T6)
Y1 +y2 > 0.1(y1 +y2 + Y3+ ya+ys + ve)
x3+ x4 > 0.3(x1 + 29 + 3 + T4 + T5 + T6)
Ys +ya > 0.3(y1 + v2 + Y3 + Ya + Y5 + Yo)
T5 + 26 > 0.2(x1 + 22 + 23 + 24 + 5 + T6)
Ys +y6 = 0.2(y1 +y2 + Y3 + ya + Ys + Vs)
1+ 2o+ axs+ x4+ a5 +26 =1
ity tystuystys Ty =1
ri,y; >0, 1=1,2,3,4,5,6
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3. The problem of the summer camps.

Decision variables:

x;;= number of girls whose mother tongue is 7 will go to the summer camp S,
1 = b (Basque), s (Spanish), 7 = 1, 2.

y;;= number of boys whose mother tongue is ¢ will go to the summer camp 5},

1 = b (Basque), s (Spanish), 7 = 1, 2.

Linear model:

min z = 8Ty + 8Yp1 + 8Ts1 + BYs1 + 26xp2 + 26yp2 + 26750 + 2652
subject to

Ty + Tpa = 650
Yo1 + Yp2 = 600
Ts1 + g0 = 475
Ys1 + Ys2 = 475

Tp1 + Yo + Ts1 + ys1 <= 800

Ty + Yor > 0.5(2p1 + Yo1 + To1 + Ya1)

Tro + Yoz > 0.5(To2 + Vo2 + T2 + Ys2)

Ty + o1 > 0.5(2p1 + Yo1 + To1 + Yo1)

Ty + Tso > 0.5(Tp2 + Yo2 + Tz + Ys2)

Tp1, Th2, Ts1, Ts2 > 0 and integer

Yn1, Yb2, Ys1, Ys2 = 0 and integer
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4. The problem about the textile enterprise.

Decision variables:

x;;= number of suits of type j fabric produced in month ¢, i =

(recycled) .

y;;= number of suits of type j fabric stored in month 7, i = 1,...

(recycled) .

Linear model:

L,

...,6,7 =1 (new), 2

;9,7 = 1 (new), 2

min z = 70(.’1311 -+ T21 + T31 + T41 + T51 + $61) -+ 60(%’12 + T922 -+ T32 -+ T 42 +
+x50 + Te2) + Y11 + Yo1 + Y1 + Yar + Ys1 + Va2 + Yoo + Yso + Yao + Yso

subject to

x11 = 100 + y11,
Zo1 + y11 = 300 + yo1,
x31 + y21 = 500 + a1,
241 + Y31 = 600 + ya1,
51 + ya1 = 200 + ys1,
xe1 + ys1 = 450,

z11 < 400,
91 < 400,
x31 < 400,
41 <400,
x51 < 400,
z61 < 400,

T19 = 100 4 y19
Toz + Y12 = 150 + ya2o
x32 + Y22 = 300 + ya2
T42 + yz2 = 200 + yao
T52 + yaz = 100 + ys2

Tgo + Ys2 = 300

12 < 200
oz < 200
32 < 200
42 < 200
52 < 200
T2 < 200

x;; > Oand integer , ¢ =1,...,6, 7 =1,2

y;; > Oandinteger, i =1,...,5, j=1,2
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5. The inter-school competition problem.

Decision variables:

1 if child i is selected to form the group, i=1,...

€T; =
0 otherwise.

Linear model:

min z =x; + 29+ T3+ x4+ x5 + 26 + 7 + 28 + T9 + 10 +
+x11 + T12 + 13 + T14 + T15 + T16 + T17 + T18 + T19 + X0
subject to
To+ 26+ a7+ T2 +219 > 1
Ts+ T3+ w14 > 1
Tg + T15 + T8 > 1
T1+ 24+ 29+ 210+ 290 > 1
13+ x17 2> 1
T3+ Ty + T11 + T2 + T > 1
Ty + Ty + -+ x99 >3
r;=0,1, 2=1,...,20

. 20.

OpenCourseWare, UPV/EHU, Operations Research. Linear Programming



Graphical Solution

1. There is a unique optimal solution: 27 = 0, x5 = 2, 2* = —2.

T2

2. There is a unique optimal solution: x] = %, ry =5, 2" ===,

X2

<

/

A
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3. There are multiple optimal solutions: the extreme point 27 = 0, 25 = 2, the extreme point
x] = 2, x5 = 1, and the infinite points lying on the segment line between the two extreme
points are all of them optimal solutions to the given linear model. z* = 8.

max -

31}1 —3ZL‘2 =6

4. Unbounded solution.

max
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5. There are multiple optimal solutions: the extreme point 27 = 0, x5 = 1, the extreme point
x] = 2, 25 = 0, and the infinite points lying on the segment line between the two extreme
points are all of them optimal solutions to the given linear model. z* = 2.

Ta ) 6x1 — 4wy = —4

6. Infeasible problem.

T2l 3py — 2wy = —2

.CEl—iEQ:l

r1+x9=4

J X

21’1+$2:2
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7. There is a unique optimal solution: z] = %, Ty =2.2" = 2.

ot

T2

)l 2581 — 2$2 =-1

max .7

8. Unbounded solution.

Z'1+.’E2=1
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