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Let x; =source—plantshipping pattern

Y, = plant-marketshipping pattern Network Flow

: Problem
a)min (2%, +3X5 +4X,, +3X,5) +
(8yAa+4yAb+2yAc+6yBa+8be+4yBc) Solution:
S.t. X, + X <10; X,, + X,5 <15 < source constraints X5 =10;X,, = 7; X, =8

Yaa+ Yea 28 Yap + Yoo 214 Yae + Yo = 3 <= demand constraints Vo =14: Vs =3; Vg, =8

Xia + X0 = Yaa + Yap + Yac < CONservation constraintat A cost = $182

Xig + X5 = Ypa T Yab + Vs < CONServation constraintat B
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o Problem 1: partb

(b) since plants have unlimited capacity,need find shortest paths only
1—-a=min(10,9)=9=pathl>B —a

1-> b= min(6,11) = 6 = path1— A — b :,rriglsgr?]”at'on
1—>c=min(4,7)=4 = pathl>A —>c
2—>a=min(12,9)=9=path2 > B —>a Sl
2—>b=min(8,11)=8=path2 >A—>Db 7, =10
2—>Cc=min(6,7)=6=path2 > A —>cC 2, =872, =42, =3
min (9z,, + 6z, +4z,. +92,, +82,, +62,,) cost = $182.

st. z,+2z2,+2,<10;z,,+7,,+2,. <15
2,+2,,2827,+2,,214;2,.+2,. 23
Zla’ Zlb’ Zlc' ZZa’ ZZb’ ZZc >0
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oYL L



EF O DL L

_1

) foS

o Problem 1: partc
(c) The two transportation problemsare:

Min 2X,, + 3%,z +4X,, +3X,; MiN8Y,, +4Y,, +2VY,,

S.t. X+ X <10 +6Yg, +8Yg, +4 Vs,
Xop +Xpp <15 St Yaat Yap+Yac <8
Xia +Xpn 28 Yea + Yoo + Yac <17
Solution:
Xop + Xpp 217 Yaa+ Yea =8 _—
Ab —
Solution:; Yact Yee 23 cost = $140.
XlA:8;XlB:2 yAa,yAb, yAC >0
X,, =15
2B Year Yoo Yee =0
cost = $67. .
Total cost = $207. j j
a'a
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o0 Problem 2:

Let x, =# of partsof typelproduced per day
X, =# of partsof type2 produced per day
Assemblies = min(x,, X,)

Time on drilling machine: 3x, +5x, <480

Time on each milling machine: 4x, +3x, <480

Also, need: | 3x, +5x, — (4%, +3X,) <30

The problemis :

max z
st.z—-x,<0;z-x,<0

— X, +2X, <30; X, —2X, <30

3%, +5X%, <480

4x, +3x, <480

Z,X;, X, 20

Solution:
z=51.8=51
X, =73.6;X, =51.8
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o Problem 3:

min - 2X, —4X, — X, — X,

st. X +3X,+x,<4

2% + X3 <3

X, +4X; + X, <3

X1y Xpy Xgy X4 2 0

a) simplex multipliers: 4" =c' B™

—[-2-4-1]

Reducedcost vector: p=c— A" 1 =[0000.44]

Copyright ©2002-2016 by K.

(1 3 0]
2 0 1

0 1 4]

Pattipati

—1

—[-2-4-1]

[ 0.04
0.32

Solution:

X, =1.24; X,
X; =0.52; X,
cost =—6.68

= Profit=6.68

=0.92
=0

048 —0.12]
-0.16 0.04

—-0.08 0.04 024

=[~1.28-0.36 —0.16]
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o Problem 3:

f=ciXg+p Xy=f+p xy=f

7 f,<p' Xy

=] -, < mJaX(IO,-)HlXN ||1s|mjax(pj)|s: Ms

= f f [KMs<e= f,— " <gsincef, > f"
o Problem 4:

Know y = B~a,. Reduction in cost = p, X,,

Let current x; = S

To maximize p, X, ,clearly select k such that max (—4 pk'Bi)
Yik> Yik
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o Problem5:
Let r. denote refrigerator production in quarter i,i =1,2,3,4

s, denote stove production in quarter i,i =1,2,3,4
w. denote dish washer production in quarter i,i =1,2,3,4
The LP formulation is:
min 5(r, —1500) +5(r, +r, —2500) +5(r, +r, + r, —4500) + (1, + 1, + r, —5700)
+5(s, —1500) + 5(s; + s, —3000) +5(s, + S, + S, —4200) + (S, +S, + S, +, —5700)
+5(w, —1000) + 5(w; + w, —3000) +5(w, + W, +w, —4500) + (W, + W, + W, + W, —7000)
subject to: r, 21650 r, +r1,>2650 1, +71, + 1, > 5850
s, 21650 s +5s,2>3150 s, +5S,+5,>4350 s, +5S,+5S,+5, >5850
w, 21150 w, +w, 23150 w, +w, +w, >4650 w, +w, +w, +Ww, > 7150
2r, +4s, +3w, <18000 2r, +4s, +3w, <18000 2r, +4s, + 3w, <18000 4s, +3w, <18000

Q1 Q2 Q3 Q4
Refrigerators 1650 1000 3200 0
Stoves 1650 1500 1200 1500 d'a
Dish Washers 1150 2000 1500 2500 j j
Inventory cost=$15,000. a9 %
Copyright ©2002-2016 by K. Pattipati :
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" o Problem 6:
1 min -4x, — X, —3X, — 2X,
a St 2% 42X, + X, +2X, <6
| Need to use Bland'’s rule to avoid cycling
N X, +2X; +3X, <4
[a 2%, + X, <5 Solution :
X2 Sl X1 = 2 X2 — O
—X;+2X%X, <2 X;=2 X, =0
X; +2X, <6 cost=-14
Xy Xy, X3, X, 20 A=[-2-0.5]
lteration0:B=1,x,=0,x,=0,4" =[0000]
bfs=[s, s, 5, 1,1 =[6411]
Subproblems: _ Bring &, into basis
: min —3X; —2X, _ -
min —4x, — X, 2 2|25 -
St. —X;+2X,<2 0 5
st. 2x +X,<5 L X, 0 1] 0
X, +2X, <6 _ 0|
X, <1 (60 1 1= 1 1= & 1
opt.sol.= (2.50) opt.s.o = 1; 0 0 0 d'd
cost: p, =10 Cost: P, == | ] - 4 4
43
o
Copyright ©2002-2016 by K. Pattipati .
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" o Problem 6:
J — = — —
5 g 6(/)5
u B*a =| |= P _ = column 3 must go
'd 1| 1
. 0 0
(1 0 -5 0] 1] [s,]
01 0 O 4 S
B = . Xg=|_ |=| 2 ;A" =[00-100]
00 1 O 1| |9,
0 0 1] 1) |
Iteration 1: Subproblem solutions do not change since A, = 0 (first two comp.)
Bring , into basis 6 1/6
i ] 12 - [1/3
L x@ F 2}{6} 6 B‘lgk = = ﬂ = = column1must go
262 ) 2 g 0 ) 12 ) 0 o 0
- o |7 1 1
1 1 B == )
i | Lt 1/6 0 -5/6 0 1767 [u, 14
-2 1 10 O 2 S <4 'd
B = . X > 11 A" =[-3050] _
O 0 1 o0 1 0, -
-1/6 0 5/6 1 5/6 7 N
Copyright ©2002-2016 by K. Pattipati - h 1
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Problem 6:

Iteration 2: subproblems
min 2x, +5X, —5

st. 2X+X,<5

X, £1
opt.sol.=(00)
cost:p,=-5

Bring o, into basis

2 270
(3) 0
L, X 0 10 0
1: 1 =
1
0 0
0

Copyright ©2002-2016 by K. Pattipati

min 4x,
st. —X;+2X,<2
Xs +2X, <6
opt.sol.=(00)
cost:p, =0
(—5/6] - x
Ba, = 10 _ B 1/5
1 ' 1
| 5/6 1
0 5/60 O
-1/5 1/10 1
1/5 -1/10 0
| 0 -5/60 0 1]

= column 2 must go

' =[-2-0.500]
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o Problem 6:
Iteration 3: subproblems _

_ = optimal
min 3.5X, min 3.5X, - - - -
st.  2X,+X, <5 st. —X;+2%x,<2 8 8 2(')5 8 é
< "= =
X, <1 X, +2X, <6 X 1/36 +1/5O +4/5 - +2/3O .

opt.sol.=(00) opt.sol.=(00) 0 0 0 0| |0
cost:p, =0 cost:p, =0

o Problem 7:

minc' x st Ax=b,x>0
IegXgi A =cyB X =B7b

a)c =c,—ri'a; r=H

f*=c,B™b. If X, is still optimal with new ¢ vector, then

f* =c'B = 1l-r=A"(1-r)b

== /_1new = i(l_ r)

To show that x; is still optimal, consider the reduced cost vector

Copyright ©2002-2016 by K. Pattipati
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o Problem 7;

P =C — A, =C—-ri'a,—(-r)A'a >0 fornon-basici

p = 0for basici = x is still optimal

b)c =c,—r'a; r =[Ln...r,Lr=H/b
To show that x Is still optimal, consider
Mew=CgB=(Cg—r'B)B =1~ )= A, =A-T

new —

P =C —Apd =C I 8 — (4" —r')a, >0=still optimal

—new —

fntaw :&-r:ewb:(&T _£T)Q: f*_KTb: f*_zHi

=1
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0 Problem 8 Solution1:
- F?L - 0
LP Problem is:;

min (52000 - 44P, —36P, —44P,
st. 2P +P,+2P, +5P, =2000

P +P,+P,=1000

P, <500

P, <750

P, <500

P, <750

P>0;1=1234

Copyright ©2002-2016 by K. Pattipati

P, =750 from 10'x3000'

—40F,)  p, =250 from 11'x2000"
P, =150 from 11'x2000'
wastage = 8000 sq. ft.

Solution 2:
P, =500
P, =500 from 10'x3000"
P, =0 from 11'x2000°
P, =100 from 11'x2000'
wastage = 8000 sg. ft.

Solution 3: Same as solution 2 with P, & P, interchanged.
Soluton 4: Same as solution 1 with P, & P, interchanged.
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o Problem 9: Exercise 3.22
a) If b=0, then x=0 is feasible.

If b >0, then the problem is feasible if at least one a; > 0.
If b <0, then the problem is feasible if at least one a; <0.
b) assume wlog that b > 0. Let k be the index such that

: b b
k=arg minc, — and x, =—
i, a,
o Problem 10: Exercise 6.3
a) Let x=48,x +35,x" =[208,,106,,105,,205,,105,,105,]

dual : max Ab
stai<c,i=12,.,n

C . C
=S max—<A<min—+
;<0 ai 3;>0 ai

b>0:>}t=_r_nin(&j

ig>0| Q.
i

b<0:>/1=max(&]
i:3;<0 ai

The restricted master problem is:
max 200, +100, s.t. 300, <15,6,+6, =1,6,,0, 20

b) max X, + X,, + X,, —1/3%,;, —1/3X,,

A" =[20 10]{
The solution &, = 5, =1/2. optimal value is 15. 2, =1/3,2, =10 | _py 10]{1/30 0}

=[1/3 10]

30 o
1

-1 1

solution is: (x,, =10, x,, =10, x,=0, X,, =10, X,,=0, X,,=10)

and the optimal value is z =13.33

c) reduced cost = z-4, =3.333

Recall maximization.
— Dual feasible cost = primal

d) Upper bound is:15+3.33=18.33. The actual value is 17.5.
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