IE 400 2019-2020 Fall Study Set 2 Solutions

Q1)
b Pocaaelers . foyod cost o plor iy,
iy cos€ of P"OOIVQJC’; ©r 7 ot plost,; =l.-4
I=l2.5.
Q?_,‘L:..}_/.ﬁ’f St )f ! "7[ p/o,;{ s u..}.oo[ !
2 o Falen
X"J‘ :{/ # Lo 5y Pth’uCOQ, o Sl
? o B hvesd)
S ER P

& . ;
Ao s e %,if,j, +'Z iﬂ CF . N

/-;/j:/ ):7" <J

S
.2::
X v,
gey \<i “F 4 </
,‘/X"’r:-L 4 o S



Q2)
@ _Pf:imﬁ{?f.‘j
c_{'{, . cost OJC Procfm?ng a Lo of stecrn in bedo,

C-é 4 - A

g7 - Process ?/g i v ’ éx,/:':v,

;/135‘23

®T . ”’23
m}:’}b}, P =) c:wmom{' -r?‘)ﬂ 3{(;_'::0') 'Zf’lnnz ey ‘,DQ /P!"‘QQJ’LCQQ; Sn bo,’é?f‘ ;s

W?Q)(é: 5 Aoy . ":42}3
m,-,,% e . . .
Y. Prioeassed 0 ‘5*—”—'7"10-3*
rax ‘_éj' " . . . -“ o J= {2_. 3
Doc. Vo
N _f | of boiler ; wsea! .
; Q2 Dy o ’: 2/ -3

OL('- armount o; 5‘5‘(-’0.-—,,) "64@{ Iy ’prOCJarG’qJ e éo«’é?f ’; ’1.{2,3

F brbino 7 75 wsed
444 |

o 72023
2 ., cmo ot \QJC 5'{6.’&7. éz?o‘/ s /Pf‘,_gdjﬁeb; 1 {“*’é‘}n J."":*?-,g

¢ ’ ’ VAT J i
R
prodductron | tromy
m;‘r)b: X \< c?,", S‘mo}‘.‘ é‘, XJ, V;C{‘ij (a:,(' bo,(ér::. ”
m;aéj {’I\(aj\(moxzfj?fr Yo £2,79 (P;O"’? /gw%v’onj>
Sicr e el
4 %} 4 5_—92-}-6£3 = S0 { rocpuzrod Pfot*./ucﬁ'(.‘o"))
_23_ 5
- - > z 2 (prchucOO( stecn houfd
-7 ; 4 o=/ J 6 fog‘ﬂf & ;] ;i‘f::ﬁ’s%ee))
X,é?o,l} 20 Witz 3
.@qu 250 Vil 23



Q3)

If we assume the extra translator can handle both tourist groups simultaneously:
xi: the number of Italian translators who startto work at periodi,i=1,2,3,4,5,6

yi:the number of Germantranslators who start towork at periodi, i=1,2,3,4,5,6

zi: the number of extra translators who work at period i, i=1,2,3,4,5,6

min 320 Xi + 280 Yit+ 240 Zi

st.

X6+ X1+2z125
X1+X2+2z223
X2+ X3+2328
X3+ X4+27428
X4+ X5+25211
X5+ X6+2624
ye+y1+z124
yi+y2+2z224
y2+y3+2z327
y3+ya+za27
y4+ys+2z5213
y5+ye6+2z624
xiyiziz 0 fori=1,2,3,4,5,6 and integer

If we assume the extra translator is needed for each group separately:

xij: the number of regulartranslators who start to work at period| and translates language |,
i=1,2,3,4,5,6 ]=1,2 (1 Italian, 2 German)

yii: the number of extratranslators who work atperiodiand translates languagej,i=1,2,3,4,5,6
j=1,2 (1 Italian, 2 German)

min 320 Xi1 + 280 Xi2 + 240 VYijj

st.

X61+ X11+y11=5

X11+ X21+ Y2123

X21+ X31+ 23128

X31+ X41+ Y4128

X41+x51+y51211

X51+ Xe1+ Y612 4

X62+ X12+ y122 4

X12+ X22+ y222 4

X22+ X32+ Y3227

X32+ Xa2+ ya227

X42+X52+y52213

X52 + X62 + Y62 = 4

xijyij= 0 for i=1,2,3,4,5,6 j=1,2 and integer



Q4)

Decision variables:

Py i1 units produced at month 1 under normal shaft
Fg ;2 units produced at month 1 under extended shift
I 11f .PN,._: =0
s 1 if .PEI; =0
t;: 1 1f changes from normal shift to extended shift
I;: iventory level at the end of month 1

Parameters:

Chy: cost of normal shift (100,000 per month)

Cg: cost of extended shift (130,000 per month)

Cr cost of changing from normal shift to extended shift
h: holding cost (2 per umit per month)

Tp: mitial stock (3,000 umits)

I;: demand for month 1

Model:
min Y%, 5Oy + wCE + t:Co + hi;

sty <1, Yi=1,---.6
T+ = 1+, Yi=1,.--,6
Tp = 1
2000z; < Py ; = 5000z;, Vi=1.--.6
2000y; < Pg; < T500y;, Wi=1,-.- .6
FN1i+FEI1‘+L'_1=.D;+Ii_, I'ﬁ'r!.=]._,rrr:,6
Iy = 3000
Ig = 2000
L;_,yi:,ﬁ;'E {D,l} "'?'I'E.=11”~,E
Py, Pg, I; 2 0, Wi=1,---,6
Py i, Pg;, I; » integer, Wi=1,.+-
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Q1)

._"_’ﬁ_)a) Every LP with an unbounded feasible region is unbounded. -ﬂ FS
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(3} b) A linear programming problem cannot have exactly one feasible solution.
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%20

¢) TRUE: Since the objective value of phase-I (w) is bounded, phase-I will always yield an optimal
tableau.

d) FALSE: Since Big-M and 2-Phase methods make the same sequence of pivots, if Big-M stops
with infeasibility (at least one artificial variable is positive and there is no entering variable) then
phase-I will also stop with infeasibility and won’t move to phase-II.

e) f) FALSE: counter example:

X2
A Degenerate LP
Basic
Z 1A x 5 s ths Variohle Ratio
1 =3 -2 0 0 0 z =0
0 1 1 1 0 6 5n=6 6
0 ©) -1 0 1 0 55=0 0*
First Tableau for (16)
Basic

z X % 8 8 ths Variable Ratio
1 0 -7 0 5 0 z =0
o 0 @ 1 -1 6 n=6 f=ar
0 | -1 0 1 0 x=0 None
Optimal Tableau for (18)

Basic
b4 X % 5 S, rhs Variable
1 0 0 35 1.5 21 z =21
0 0 1 0.5 -0.5 3 x=3
0 1 0 0.5 0.5 3 % =3 X

Iteration-1



g) TRUE: By definition, feasible region of an LP is convex. Again by definition convex combination of
any two points in a convex set is also convex.
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Q13)

(a) FALSE,; this cannot be true for a maximization problem because a newly added
constraint either does not change the feasible region or it makes it narrower. Hence
the objective function may stay the same or decrease but there cannot be a
constraint to improve the optimal solution.

(b) TRUE; ("}*1) = m+1

(¢) FALSE; it can have “at most” m positive variables, If it is less then m variables
then that is called degeneracy,

(d) FALSE; because the set P is @ convex set and the points on the convex
combination of two optimal solutions alse become optimal.

(c) FALSE; due to degencracy, an extreme point of P may correspond to more than
one basis,

Q14)

Converting the solution into standard form:

max 2X; Xy +6xa -dx,

st. Xy *2x; +4x3 Xy X5 =6
2, #3x; - X3 txy +Xg =12
X| X3 txy +X7 =6

X, X3 X3  Xa X5, Xe X9 20

1 2 4 =1
A=|2 3 -1 1
79 4, 5l

1 2 -1
For basic variables Xx;,X2,%4 the basis B=[2 3 1 ]
1 0 1

12



3/4 -1/2 5/4
B"=[—1/4 1/2 -=3/4
-3/4 1/2 -1/4

6

ca~{2 1 -4] b=[12 c={216-4)
6 |

Remember the matrix netation

Z Xs

X
z 1 |caB A-c cpB” | cgB”b
B' |B'®

Xp 0 |B'A
1 0 19/4 0
B'a=[0 1 -9/4 o]
0 0 —-15/4 1

cgB'A=[2 1 89/4 -4]
ceB'A-c=[0 0 65/4 0]

6
cpB'=[17/4 —10/4 11/4] ceB ' b=[12] B"b=[o]
0

Putting these values into the matnix:

v
R X2 X3 X4 Xs Xs X7 |RHS
% 10 0 654 0 174 -10i4 11/4] 12
x| 01 0 194 0 34 -2/4 546
Xz 0|0 1 -9/4 0 -1/4 2/4 3410
Xe 0|0 0 -154 1 <3/4 24 -1/4)|0

Since we have negative entry in Row 0, this tableau is not optimal.

X5 enters and x; leaves the basis. New tableau:

13



