&

FFF oL L

Solution 2

Prof. Krishna R. Pattipati

Dept. of Electrical and Computer Engineering

University of Connecticut
Contact: krishna@engr.uconn.edu (860) 486-2890

k L

oYL L

ECE 364
Linear Programming and Network Flows

Copyright ©2001-2016 by K. Pattipati



mailto:krishna@engr.uconn.edu

o Problem 1

EF O DL L

1t .t |t
1 t . tn—l T

LetT = ? . ||t
1t . ] [tn]

_ _ . m T o m

(I)mgmlng—glll—mgln;ILg Q | m@lng,(uiwi)

Then the LP formulation is: It'a—Q |=z;i=12,.,n
: T T !

Ldnin e (utv)e =[11..]] Then the LP formulation is:

Ta—-u+v=g min e'z; e =[11...1]
ea=1 Ta-q<z
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o Problem1
(i) min || Ta—q|l,=min max|§T§1—Qi |= minw

a I<i<m
=-w<t'a-Q <w fori=12,..,m

Then the LP formulation is :

min w
a>0,w>0
T —e <q
a
-T-e {—} <-—q |= canconvert this to SLP
e 0 L | =1

(iii) mip%HTg—g = mip%gTTTTg—gTTT9+

N |
| ©
| ©

subject to: e'a=1
This is a quadratic programming problem.
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o Problem1
L(a, A, 1) = ngmo[a T'Ta-2a TTq+q q+i(e a-1)-pu a]
a> /J>
Necessary conditions:
2TTTg—2TT9+/1g—H:Q:g:[TTT]1{TT9—%,1§+%4
T S T n
e a=l= 1= € [T T} [ZT_19+E] Better way : add —uZIn a as penalty
gT |:TTT:| g =1
wa =0,i=0,12,.,n-1 Need a bound on x,
4 unbounded
o Problem 2 max 4X, +2X,
max X, +4%, +%  mm) SL.—2X, +3%, =2 ‘
St.2X, —2X, +X; =4 gzt =l 2/3 dd
\ 4 d ']
X — X =1 max 8X, = or max ?XZ 5 %
X, 20;% 20 St.Xx, >0 st x,>0 X ” o
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Problem 2

min — X, —4X, — X,
x)-lan
X, 2/3
24
B:
1 -1

1/3 1/3
&T=EEB4=[—1—H{

~[-2/31/3]
1/3 -2/3

Reduced costs:

2
pl=Cl—/_1T§1=—1—[—2/31/3]M:
T -2
p,=C,—4 a,=-4-[-2/31/3] . —_8/3

1
p3=c3—2§3=—1—[—2/31/3]{ J:

Bring a, into the basis

) 1/3 1/3 || -2 -21/3 0
a=B"a, = = <
1/3 -2/3|| 0 -21/3 0

= unbounded
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Primal unbounded:; Dual infeasible

Dual :
max 44, + 4,

u2@+@_—1[:>

2 < A= )22

A=A, <—
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Primal unbounded:; Dual infeasible

Dual :
max 44, + 4,

u2@+@_—1[:>
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0 Problem 3
X, = number of barrels of light crude
X, = number of barrels of heavy crude 3

min 56x, +50x, B R |
o, |\ "\ Feasible

s.t. 0.3x, +0.3x, > 900,000 ~2.\'
0.2x, +0.4x, > 800,000 )

0.3x, +0.2X, > 500,000 1

X, >0;X, >0 TR
optimal point:(0,3M) .
Cost : $150M Dual : use dual simplex. Primal is easier here!

max 100,000[94, +84, +5A4,]
st.0.34,+0.24, +0.34, <56

0.34,+0.44,+0.24, <50
st.4,>20;4,20;4, =20
optimal point:(500/3 0 0)
Cost : $150M
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o Problem 4:

Letu. =number of units produced using regular production in month i
v. = number of units produced using overtime production in month i
X. = number of units on hand at theend of month i
d. =demand during month i
Xi =X, +U +v.—d;1=12,.,n; X,Isknown

The LP problemis :

XmuiQ Zn: sX; +bu, +cv,

]

st. x>0; 0<u <r; v.>20; 1=12,.,n
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o Problem 5: Exercise 1.4

min  2x +3u

X;,X5,u=0,v=0,w=0

st. v+w<5h

EF O DL L

X, <W and -X, <w

o Problem 6: Exercise 1.8

10

Let |x,-10|=u; |X+2|=V; |[X,|=W

solution: x, =-2,X, =5,u=5v=0,w=5
optimal cost =11.

X,-10<u and -x,+10<u
X,+2<v and -x,—-2<v

min max|l. — 1" |=min z
i 1
m
st. I;=) a;p,
j=1
z>1;—17;i=12,.,n
221" —1;i=12,.,n

p; =0; j=12,..,m
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o Problem 7: Exercise 1.13
Method 1: Let y be an arbitraryscalarand consider ~ Method 2 : Method of Charnesand Cooper

max f ' x+g Letz=1/f"x+g andy=zx
subject to Ax<b yggizrlogTX+dz
c' x+d<y(f'x+g) subject to Ay —bz <0

If the optimal cost is positive, it means that there exists
some x which is a feasible solution of the linear fractional
programming problem and optimal cost is less than y.
Initially, checkif solution is less than (K + L)/ 2. If itis,
solution must be in [K,(K + L) /2]. Otherwise, the solution
must bein [(K +L)/2,L].Inany case, the intervalis reduced
to (L—K)/2. Continuing this way, afterk iterations, the

fly+gz=1

cost is reduced to an interval of length (L — K) /2.
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" o Problem 8: Exercise 1.15
: a) Decision variables: b.i) Let X, = number of hours of overtime
r X, = number of productsof the first type produced assembly labor
| X, = number of productsof the second type produced _max >07.8x1 +7.1X, — X,
o max 7.8x, + 7.1x, S 13 1
gt subject to = x, += X, — X, <90
subject tolx +1x <90 ) 3
Jeettog v 3% = — X, =360,X, =0 1oLy <80
Lo e Profit=$2808. 8 3
glit3%e= X, <50
= X, =960, x, =0,X, =50
b.ii) Solve two problems: Profit=$4018.
max 7.8x, +7.1x,
%20,%,20 rr(}ax07.92x1 +7.19x,
- 1 1 % >0,X,>
subject to—x, + =X, <90 :
: 47 37" subject to%x1 +%x2 <90 | Select second solution
Exl +1X2 <30 L1 because it gives higher profit
8 3 —X, +=X, <80
1.2%, +0.9%, < 300 g 8
1.2x, +0.9x, > 300
= X, =108.6, x, =188.6 — % —360.X. =0
1 12 T
OIS A Profit = $2851.
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o Problem9

m|n Zmax[o 1-t (W' ¢(x)+w)]+/12|w |

Let z =max[0.,1-t (W' P(x,)+wWy)l;n=12,..,N
Yi =| Wy |

Then the LP problem is:

min ZN:zn+/1iyk

Wlo.2.Y  np k=1

st. z,+t, (W' g(x,)+W)>Ln=12,,N
z,20;n=12,..,N
w, <y, k=12,.
-w, <vy,;k=12,.
y, 20,k =12,.

1" W

1" W

1" W
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