Math 346, HW2 Solution

2.4.4

Assume that x;; is the number of units sent from Warehouse i to Outlet j.
Then the constraints for each warehouse and outlet are:

11 + 212 + 213 + 214 < 100
T21 + T2 + T2z + T24 < 150
T31 + T32 + 733 + T34 < 300
x11 + 221 + 31 2 120
T1g + o2 + w32 > 120
T13 + 23 + x33 > 120
T14 + Tog + T34 > 120

Moreover, outlet 2 cannot receive more units from warehouse 1 than from ware-
house 2, and outlet 4 must receive at least half of its suuply from warehouse 3.
This gives us two additional constraints:

T12 < To2
x34 > (14 + Toa + 234)/2

To compute the objective function, note that the storage charge is $6 per unit
at Warehouse 1 and 2, and $12 per unit in Warehouse 3. Therefore the storage
cost is 6(100 — X111 —T12 — 13 — I14) + 6(150 — X921 —T22 — 23 — I24) + 12(300 —
X31 — 32 — T33 — T34). And the shipping cost is 12x11 + 15212 + 10213 + 25214 +
10z91 +19z92 + 11293 + 30294 + 21231 + 30232 + 18233 + 40x34. The sum of ship-
ping cost and storage cost would be our objective function. And the constraints
are listed above, together with the nonnegative constraint that all x;; > 0.

2.4.6

Suppose we ship z;; units from Source ¢ to Destination j for (4, j) # (2, 1).
Z21 is the number of units below 20 sent from Source 2 to Destination 1, and y
is the number of units above 20 sent from Source 2 to Destination 1.



minimize  8x11 + 17x12 + 19213 + 21202 + 22293 + 10221 + 13y
subject to 11 + 12 + w13 < 80

Ta1 + Y + Taz + 223 < 80

Z11 + x21 +y > 50

T12 + w22 > 50

13 + w23 = 50

Ty = 0,91 <20,y >0

2.5.3
We assume that in the i-th month, the dealer buys B; units from the manufac-
turer, sells to the student S; units, and store T; units.

Maximize (9057 + 11055 + 105S53) — (60B; + 65Bs 4+ 68B3) — 7(T} + 1o + T3)
subject to 25+ B; =51+ 1)

Ty + By = SQ + 15

To+ B3 = S3+ 13

0< B; <65,0<S; <100,0 < T, < 45.

2.6.9
Suppose in the i-th month, the shop produces D; units of differentials, and store

S; units. Each month the shop uses B; hours below 400 hrs, and O; hours above
400 hrs.

minimize 3(12D1 + 17D2 + 25D3 + 26D4) + 18(31 + BQ + Bg + B4)
+26(O1 4+ O3+ O3 + 04) + 10(51 4+ So + 53+ 54)
subject to Dj =225+ 5,
S1+ Dy =225+ 5,
So + D3 =225+ S3
Ss+ Dy =225+ S5,
2D; < B; + 0y
D;>0,5;,>0,0<B; <400,0 < 0; <150.

3.1.3

(e) First we introduce two new variables x3 and x4 to convert the inequalities
into equalities:

Minimize 6x1 + 2

subject to —bxy + 8xo + x3 = 80
r1+2r1 —x4 =4
X S 10,1’2,1’3,1‘4 Z 0.



To replace x1 by a nonnegative variable. There are two ways: the first is to let
x1 = 10 — 2}, then 2} = 10 — 21 > 0. Replace all the 21 by 10 — 2} in the LP,
we get:
Minimize  6(10 — z}) + 22
subject to —5(10 — z}) + 8z + 3 = 80
(10*%’1)4’2‘%17134:4
x, xe, 23,24 > 0.

We could rearrange the terms so that the constant terms are on the right:

Minimize 60 — 6z} + 22

subject to  bx) + 8x2 + x5 = 130
-2} 4+ 2z — x4 =—6
1'/1,$2,$3,$4 Z 0.

The other way is to first replace z; by a} — Y, with 2,2} > 0. Then we
introduce a new nonnegative variable x5, such that zj — 2} 4+ x5 = 10. This also
works but uses more variables than the previous one.

(f) We first change the objective function to minimizing —z1 — 2z — 4xs.
For the absolute value, remember than |x| < y is equivalent to that both z <y
and x > —y hold. So we can rewrite the LP as follows:

Minimize —x7 — 2x9 — 43

subject to 4x1 4 3wy — Taxs < a1 + 22 + 23
4z + 3wg — Tx3 > —T1 — Tg — T3
1‘1,.%2,.233,2 0.

Simplifying the constraints we get

Minimize —x1 — 2z — 4x3

subject to 3z1 + 2w — 8x3 <0
5x1 +4x9 — 623 >0
x1, T2, 23, > 0.

Adding new variables x4, x5, we get the standard form:

Minimize —x7 — 2xo — 4x3

subject to 3x1 4+ 2x9 —8x3+ x4 =0
521 +4x5 — 63 — 25 =0
T1,X2,T3,T4,Ts5 Z 0.

3.9.6

(a) False. For example just take two disjoint unit disk, both of them are
convex but their union is not convex, e.g. by taking the two centers z,y and
then (z + y)/2 is their convex combination but does not belong to the union.



(b) False. For example we take the unit disk again. The complement is the
whole plane minus the unit disk. Take a line segment intersecting the unit disk,
with both ends outside. We can see this contradicts the convexity again.



