Corner Point | Profit = 3x, +2x, Next Step
D: (0,0) 0 Check points A and C.
A (0,3) 6 Move to C.
C: 3.0 9 Check point B.
B: (2.2) 10 Stop, (2,2} is optimal. *
* the next corner point is A, which has already bezn checked
CPacim Feasible 7 Vafye

A (o, % Tnkbeas. {Hs0

B (o, % Tafeas, SHoo

€ _(o,1) Feas. 4506

I} ({;r i F 5625 £ “r‘)

E (%,1) I £300 I e :

Fo(U) 1 qo0e (o0 CEPIN

—— 3 Iy F T {esox 7P . 2)

= (3.3 F , N 55

Ho(r) g L e3ee »

i (in¥) F 5625 . ZNVC L

T (lLe) F 4500 y: //

‘ & 420 B T Wi .
« (;.cg) 11 ‘2750 m| 7 ‘ XN Lz
(%, B r2e (.e) 7] o~
M {e,¢) F o 09 bl
x oF‘hm a f

o Initial Pt M [(0,0)]—> Mot cptimal since Cand T [(00) and (1,01]
are hpetter,
Since Cang T qive same ehjective w..'ue, either can be chegen ,
We wll cheese C,
€ is not a,oﬁ‘mf since D [5,0] s adjacent and better, Move to D,
(Vere that B Js CP soln but net feasible )
D is net eptimal since & L(3, %)] /s adjnccn*l ang better, Moae ke G,
( Note that & is the enly betier adjaceat CPF soln , D js CPF but werse)

G is aﬂ?mqr since CPF's 0 ana T give PLJcc.ﬂvl’. values 5435 < (ooe,

Mote: T¢ T s chosen at gt step, the pc:f'ﬁ wioll ber M-J- T - (.
{with the Same arﬁumed*s as above).



"LZ'-S. a‘) aujmen“EJ Qrm,’

Max 3%, + 2%,
s . X‘ ‘f-*‘: = &
%, o+ 3 X, 45y EN Y
¥y + X 4 X:; =y
e 'kzéu‘_ X3 2o XNy 2 XKe2 o
b)
CPF sy s S
_— 8"‘ %‘j/"ﬁ B N*"‘*"?_ﬁfi .L_/q,‘; Rasic L';f"f
A (v,0) (&0,4,15 10) Y, % % 5 o :
. v > 3" » :
B to,5) (0,54 0 <) N v vv
c (3,4} (3,4, o’ ) T ret hs
T e 22 T 8,9 O ‘ ¥
[ l'.q', 2) {4 2”4-'5_—3'_0* x“’; XS M xz:..xa
£ 4,0 DA X3 %s XX, X
(4,0,0 ¢ 3y %, X Cohe
<) i R X, X
, Set Mon-bas)e
BF Sd., Vors fo zen Solie
A Y,2X=0 L SR PEIE N S
R K= X0 WYy,
3% 75 f X< =4 -
.x-‘_‘-rls:lﬁ g 5 ¢ S - S
& A= Xg 70 hor¥y =l BRI
'X,f-?,'x‘,_:as? 2R, TR, TR /)T‘?
2.*-; *+ Ry e 2%, r xl'-v:"-u ( 1_}“—‘.1"-;‘_‘ j
512720 5’
D 1\5:)&530 \‘/"" 7 Kyz=te -2{4) =2
X +3Kp# Xy 315 . X
Xy=is-4-2/2)=
—-— 2%, +X2 =7p ! )=
E x1=X3 =0 %‘.7" ’-) ‘x“:js.-q = ff
)‘\'f' x.v

2.1‘ + xs

=fo

Yg 10 -2(4) = 3
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) Moy 22X, + 2K,

S, X,-f 3'}(1 '*)(‘{, .
i

Fito%e tXy =4
\, -Ea} -P\z\:_.:)‘ x?“:tor x? > e

Tarkal; Zation

Re2XaZe = %328, ¥, =Y
Z= X142X1 @'2:0

;ﬁ_:f‘ optimal since
imprevement rates >o
Tncrease Xy (rak of Crmprevement = 2)

1'*e_n-kf,-ﬂ(:i bas;c variable dp Jheratyn l”
%70 , se X37:%-3%, 2¢ = X, £¥% <min

)'\-12"':'—)(-2_ > 0 = ‘Xz_ﬁ‘f

'TA"{SJ Xy €Can he iacased v ¥a = .XB =

‘. !&awinﬂ éﬂs" varighle I:’f ;'ﬁbv.‘?!ct i

Using Conaerr ore | |
mj Czeu»smen Eﬂhﬁw.ﬁﬁnl i & 6‘_5’_:

2 - A
3 =5
2 1 -
37\' ) 3 x-& .+~x‘." - i;- (\L!)XZ;XL‘AXW‘;—'OX

qum (¢, %, 0,7%)

S net dptimal sjace rate oo
;'f"‘l'?-'-“"ef"len'f' Ct»,’ %

¢ 5 >0
Ir’lC-"Cltje x . (.Xj - O)
- 5
xz s 3 ‘_’;’ %, 2o = %, =%
KNey = Ao . ) _
MIIT RN 20 D X 2 e oms

K| Can b jncreased 4 2= ‘}\.‘,: o



yz-2.a) (coat?®)
A’ﬁ"’;"; “S'f'hf:] Erussian elimination
2= ~dwy, —i%, o+ ¢

= 3

“9 -~

Xy FEX, ¢ 4o

X, - i 3 -

2 Xy v X =2 (Xf,""“l.-.xs, XNy o)
N . . . .

bw , we are cgtimal s/ace increasiagy N o Xy o pild

decrease 2z .

w X _ ‘ : . . %
X0 =(2,2,0,0% 2%=¢ (e X722, %5 =2)

b) Computtr output
Solve Interactively by the Simplex Method:

0} z- 1 Xq- 2 _Xo+ 0 Xa+ 0 X4 =0

1) = X+ 3 XA+ 1 X3+ 0 Xa - 8 ]
2) 1 X+ 1 o+ 0 X3+ 1 X4 =14
X120, X220, X3 20, X4 2 0.

0) 2-0.33 X1+ 0 X3+0.67 X3+ 0 X4 = 5.33333
1) [0.333 Xh+ 1 Xo9+0.33 X3+ 0 X4 = 2.66667
2) 10.667 Xglv 0 X-0.33 ¥3+ 1 X4 = 1.33333
X1 20, X 20, %3 2 0, X4 = 0.

0y z+ 0 X1+ ¢ Xo+ 0.5 X3+ 0.5 Xg =6

1) 0 X1+ 1 X2+ 0.5 X3- 0.5 Xy = 2

2} 1 X1+ 0 X2- 0.5 X3+ 1.5 X4 = 2

X120, X220, X3 2 0, X4 2 0.

WF=x=a, z¥=¢
) Aﬂ“"". gou get +he same solaticn;
Optimal Solution - Sensitivity Analysis

Objective Function Coefficient

Value of the
Objective Function: Z = 6 Allowable Range
Current To Stay Optimal
Variable | value Value Minimum Maximum
X1 2 1 [ 0.66667 2
X2 2 2 1 3



45-1. a) True . The Batip test tells us hpw far we can jncrease the

eﬁ'k’i"‘j basjc variable befere one of the curreat bas, vaciables
qoes to zero. T¥ twe variables #ie' for which should be Fhe
féﬂvmﬂ variable, hen both vaciqbles o Fo Berm at Hhe same

Vﬂ!!-’dt af vhe E’,«l‘f&«-;ﬂﬁ bﬂi’i( vacriyg é.fe' Sinee gﬂfj e varfable can
beceme noa-basic in any jYeeatisn, the cther w it b basie and zero,
b) Fqlse . 'If there s ne Jeqv;/\a bas:’c Vafiqéfc J"ﬁtd the Seliation

i35 Unbpanded , (Can iacrease the enk..-.—'nﬁ basie vaciabie J"Je\‘iuﬁf?)
¢) True ,H$f4'a”j ) we F;V-‘!‘f on The cﬁ!ﬂmn with He zen coeflicien f_,
then we w.li ﬁc* ancther optima saluMan { remember that The
dj“jiCﬁ"" value will ast Cv"l“ﬂj&' Siace He "rate ofimprovement®
is Zere, The xceptien occurs when the prohiem is qke Aesenergte
I¥ the basxi, variable (which Aas « ceeticient of Zernl is itsetf
egv.s{ )-,. 2ers (i:f, J.Ejenerdf-e)‘ Hen Pin'h;ﬂs on Aat cof
fac: < hegy

M iy
39 the Opt i oma | 's:sfsr'fmn, o
— i _ -
&) False, E;qufts,'@ May %,~R2 @ Maxn 1
(VRS S

¥t e = -)
X, 20, K20
Cleafy, 2%=y Coptimal ) bt ‘ﬂ-;q .tip?t*rr;:ig
. . ) AL
‘(l“r"‘-K"'l;xl =K *\GEOJM) \‘(2*20 ,;Eﬂ-:o

K; aor"lzo
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a)

Xz ‘
2
l —
-
1 2 x;
-1
-2
Contribution Par Unit of Each Activity
Gonstraint Activity 1 Activity 2 Totals Resource
1 2 1 2 2
2 1 -1 1 2
Unit Profit 90 70 $90
Solution 1 0 |

Solver could not find a feasible solution,



fol

f

g

Bas|Eq
Var|No
Z 0
X1 1
X1| 2
Bas|Eq
Var |No
4 0
X1| 1
X1] 2
Bas|Eq
Var |No
Z 0
X1] 1
L X5] 2

3y Bas

Var

X1

Bas
Var

ha

Bas
Var

ay_-

X1

X5

£ QO

L e I

N

L= P

Coefficient of

Right

X1 X2 X3 X4 X5 side

—90 =70 1.0e6 0 1.0e6 0

2% 1 1 0 0 2

1 -1 Q —1 1 2

Coefficient of Right

X1 X2 X3 X4 X5 side

0 —25 1.0e6 0 1.0es 90

1 0.5 0.5 0 0 i

0 -1.5 -o0.s5 -1 1= 1

Coefficient of Right

X1 X2 X3 X4 X5 side

- |

0 1.5e6 1.5e6 1.0e§ 0 ~le6

1 ¢.5 0.5 0 0 1

0 -1.5 -p.5 -1 1 1
Coefficient of Right
Z X1 X2 X3 X4 X5 side
1 0 0 1 0 1 0
G 2% 1 1 0 0 2
0 1 -1 0 -1 1 2
Coefficient of Right
Z X1 X2 X3 X4 X5 side
1 0 0 1 0 1 0
0 1 0.5 0.5 0 0 1
0 0 -1.5 -p.5 -1 1 1
Coefficient of Right
Z X1 X2 X3 X4 X5 side
1 0 1.5 1.5 1 0 -1
0 1 0.5 0.5 0 0 1
0 0 -1.5 -0.,5 -1 1 i




4.6-1

1

Benefit Contribution Per Unit of Each Activily Minimum
Benefit Activity ? Activity 2 Totals Level
1 -2 1 0 z 1
2 i -2 0 2 1
Unit Cost 5000 7000 $ -
Solution 0 o
Solver could not find a feasible solution.
£0—.
Bas | Eqg Coefficient of Right
Var |Nol| Z X1 X2 X3 X4 X5 X6 side
4 0] 1| 5000 7Q00 Q 0 1.0e6 1.Deb 0
\Q X1| 1] 0 -2 1 -1 0 1 0 1
X1| 21 0O 1=* -2 0 -1 0 1 1
Bas |Eqg Coefficient of Right
Var |No| Z X1 X2 X3 X4 X5 X6 side
() z | of 1 0 17000 0 5000 1.0e6 1.0e6 | —5000
X1| 1} 0 0 -3 -1 -2 1 2 3
X1 2| 0 1 -2 0 -1 0 1* 1
Bas|Eq Ceefficient of | Right
Var |No| Z X1 X2 X3 X4 X5 X6 side
l‘-) Z | 0O} 1| —le6 2.0e6 0 1.0e6 1.0e6 0 —le6
X1} 11 0 -2 1 -1 0 1+ 0 1
X6| 2| 0 1 -2 0 -1 0 1 1
(CunT



1)

b

Bas
var

X1
X1

Bas
Var

X5
X1

Bas
Var

X5
X6

N = O

[=R=Rr (=R o I [\

OO

Coefficient of Right

X1 X2 X3 X4 X5 X6 side
1.0e6 1.0e5 1.0e6 1l.0eé6 0 0 —2eb
-2 1 -1 0 1 0 1
1 -2 (] -1 0 1 1
Coefficient of Right

X1 X2 X3 X4 X5 X6 side
0 0 0 0 1 1 0
-2 1 -1 0 1 4] 1
1=* -2 0 -1 0 1 1
Coefficient of Right

X1 X2 X3 X4 X5 X6 side
0 0 0 0 1 1 0
0 -3 -1 -2 1* 2 3
1 -2 0 -1 ¢ 1 1
Coefficient of Right

X1 Xz X3 X4 X5 X6 side
0 3 1 2 0 -1 -3
4] -3 -1 -2 1 2 3
1 -2 0 -1 0 1= 1
Coefficient of Right

X1 X2 X3 X4 X5 X6 side
1 1 1 1 4] 0 -2
-2 1 -1 0 1 0 1
1 -2 0 -1 0 1 1




()

{9

The CF Sola (2,6) remans Liasible

bor %, = K

1«-"‘-‘.")"\'4&; .

T C P Soln boiemt dafesible
(2,6) 5, ¢f coarse, Hhe eprimal,

The CP Sain (5-9,6) 7t
~‘,{\£¢:SJL‘]¢' £or 31\,*1‘1;"- ,2‘-K*2_'~f

(In&a‘j}blf for othe, vorlues of &) J

3“‘ |"1*L;i 3

|“L;l;7

¥, =4
e —4

(4,8

q\

L — - 2%, EI%

=b
£¢,0)
(.0 )(‘; fo,
-k
Fﬁlt CF Sefﬂ (“3 "fj) remains
For K{ZJ ")(f_asil.s!e & AR,k LK < ¥ o1lj
Yt
/\(_u ‘\ ‘*|*2’*le%
3.1‘-,*1“"2, 2
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A2, ens'D)
Lnaki'nj at he e lines, fhe <P Seln ,o-achS
Sam (4,0) o (o,4) a5 b, ranges fem 4 7 12

The CFP Soln becomeés jnfeas;bie fur values of b,

outside of this raage.
L]

o i da dmskang =t He "

» —

- }.'a(S, Fhe < P

‘56"0 rqnjzt; fvpm LYig] i e e
Prsm E i T. .rv
% | N
The alfewable rangcs are Jf‘)cze ,
4 = bl < ]2
and -3 551_ <8
e)
; 2 6 |Optimal Value
Variablas 2 2
RHS
Constraints 1 3 g <= .
i 1 4 < 4

Adjustable Cells

——

Final Reduced Objective Allowable Allowable

Cell Name Value Cost Coefficient Increase Decrease
$B32 2 D k] 1 0.333333
$CH2 2 [1] 2 1
Constraints
"Final  Shadow CGonstraint Allowable Allowable
Cell Name Value Price R.H. Side Increase Decrease
FE$4 8 0.6 8 4
PESS 4 05 4 4 1333333

11



Solution Keys to Chapter 4 Assignment

4.1-2a)

MW B
1
T

a) Optimezl Sclution: (x,, ) = (2,2) und Profit = 10,
) 1

———t
4 5 F

Xy

Note: corner points w2l be called A, B, C.and D going clockwise from {0,3).

b)

Co-responding Constraint Corner Point Satisties the
Corner Point Boundary Equations Eguations
A03) x =0 0=0
X +2x, =6 0+2(3)=6
B: (22 X +2x,=0 2+2(2)=0
2x 4+, = 2(212=6
C: (3.0) 2x, +x, = 2(3)4+0=0
x,=0 0=0
D (0,0) x,=0 D=0
C) =0 0=
Corner Point Its Adjacent Corner Poinls
Al (C.3) (0.0) and (2.2)
B:(2.2) (0,3) anc (3,0)
C: (3.0) (2.2} anc (0,0)
D: (¢, (3,0) and (0,3)
d) Corner Point (x,,x; ) | Profit = 3x, +2x,
T0.3) 6
(2,2) 10
(3,0) o
(0.0 0

Optimal Solution: (x,.x, ) = (2,2) and Prohit = 10.

e)

Corner Point | Profit = 3x, +2x, Next Step
D: (0,00 0 Check points A and C.
A {0,3) 6 Move to C.
C. (3,0 9 Check point B.
B:(2.2) 10 Stop, (2,2} is optimal. *

* the next corner point is A, which has already bezn checked
12



43-5 {oo'r?rfl’)

Solve Interactively by the Simplex Method:

0) Z- 1 Xq1- 2 Ko~ 4 X3+ 0 X4+ 0 X5+ 0 Xg =0
1) | 3 X1+ 1 X+ & Xal+ 1 Xa+ D X5+ 0 Xg = 10 {
2) 1 X1+ 4 X4+ 1 X3+ 0 Xq+ 1 Xg+ 0 X = 8
3} 2 X1+ 0 Xg+ 2 X+ 0 Xa+ 0 X5+ 1 Xg =7
¥12C, X0 20, X3 20, ¥4 2 0, X5 2 0, X5 = 0.
Cy 2+ 1.4 X1— 1.2 Xz+ 0 X3+ 0.8 X4+ 0 Xg+ 0 Xg = &
1} 0.6 Xq+ 0.2 XA+ 1 X3+ 0.2 Xa+ 0 X5+ 0 Xg = 2
2) [ 0.4 xq+ 3.8 X+ © X3- 0.2 Xa+ I X5+ 0 %¢ = 6 ]
3) 0.8 Xq- 0.4 Xo+ 0 X3- 0.4 Xa+ D X5+ 1 g 3
1 20, X220, X320, X420, X5 20, X 20
0) 2+1.53 X1+ 0 Xp+ 0 X3+0.74 Xg-C.32 Xg+ 0 ¥g = 5.89474
1) ©0.579 X1+ 0 Xp+ 1 X3+0.21 X4-C.05 X5+ 0 Xg = 1.68421
2) 0.105 X1+ 1 Xp+ 0 X3-0.05 X4-C.26 X+ O Xg = 1.57895
3) 0.842 X3+ 0 Xp+ 0 X3-0.42 X4-C.11 Xg+ 1 Xg = 3.63158
X120, X 20, X3 20, X420, X5 2 0, Xg 2 0.
. ; ; ¢ 32 32 =y yd oyt ¥ . gt
Oprimal solullen s 1 (0O, *a, ") 06X, %5) 20 T
438 -
i Bas |Eq| Coefficient of | Right
() _Beca-uSé 720 in e (b) varuolz] x1 x3 x4 s | side
af)‘hm:tl' selwhén , we need onlbi S | |
. . [ 1 1
Solve Yha  Inear rfOSMM‘ L2 ol 1 -2 -3 0 0 : D
Masmi . Zx +3 O Al 110] 1 > 1 | 30
Ximige 2 X, X3 xsi2) 0| 1 | 0 ' |20
Subject to! X, t2x, £30
& zv :
k, X3 Zz Bas|Eq)| Coefficient of | Right
3:" +3x3 & 4D Var!"nlf zZl x1 X3 Xt X5 | side
— |
X, 20, x4 20, [ |
- vl z | o)1 -0.5 0 1.5 0 |45
or, egdalentH 1) w110 o5 1 05 o |15
Maximize 22 Zx,+ 3x, X[ 210 0.5* 0 -05 1 |5
$ub}'¢et ‘e’ X+ 2x5 < 30
Bas )Eq| Coefficient of | Right
X < g
1T X3 £ 20 varlNel 2| X1 X3 X¥ X5 | side
X, Zo x5 20 —If—ll—} ]
; . . . |
slncg x>0 and x;20 i Ha ophmal (232101 o o 1 1 s
selchon, they st be bagic wriables X110 0 1 1 -1 |1
xpzfol 1 o -1 2 |10

th e ofo'J'linﬂ.f solubion .

Choesing T, ard

X3 AS the furst two endering Vanaldec
will  jead An're(ﬂy o Hhe ph soluhon.
i be deltonmd

Lem'nj varcables g
by o minmun rako ¥st.

13

(x.,)‘z/x?) =

with

lee, e, 18) s .-::)of?‘mf
Zz2= 50



al 4
o,
4
3 ]
2 |
11
5 %
(x,, %) = 2,1y 1% pf»h'wuaf with g2z F
b) Bas|Eg Coefficient of R::Lght
VariNo| Z X X2 X3 Xa Side
(0) -1M -1M .
o] 1 -2 -3 0 4] -31M
x| 1| of T 2 1 0| 2 |
x4l 21 © 1 1 0 i )

The mfHal a-tHficial ﬁas,’c feasibile soletion ;s [K,,K;,X;‘Xq]? (0,0,¢, 3).
£

c)

{(n

()

C’P’f‘;b\qf o (

'nt"x:)_' (l,!) . z‘z 7

14

Bas)Eqg Coefficient of Right

Var|No| 2z X1 X X3 X4 Side
-0 .5M ¢.5M -1M

Z of 1 ~-0.5 0 +1.5 0 +6

2| 1| o 0.5 1 0.5 o] 2

Xal 21 0 0.5 0 -0.5 1] 1 |

3as|Eqg Coefficient of Right

Var{No| Z X- b0} X3 X4 Side

1M

Z o] 1 0 0 1 +1 7

X21 1] 0O Q 1 1 =1 1

X111 21 0 1 0 -1 2 2



4,72, a)

Congrasnt 1 ( Y e = hap }e
YA, =@ = F{yr 20y 24 )
Y ri%, =9 —» 2 (’Jf_)fl[iz}:.l% S
Congraiat 2 { mrmmmm liat)

L% %y =

ft %75 7 EHD) ra(3V=g

15
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46 -2
b)Y Frem ('M)r aw¢ sec that 6,33 J b7 9 are seas;t, o pareame ters,
As witl be scea in part (e, € 21 ,6,3 2 are aet sersibive porrametecy

As can b Seen ,n the -P:‘jur: n part (a), hrth reashraints are active
o b;ﬂp’;’n -] q" o R - - - - -

9 eetfcienls Qu=i,8,,7 3, 9,71, 8,5 { ave
seas;tive parame fees,

C-\F YR )r

We spe that He eptimal seludya rEMaag e same for-
pra— ‘ 4
5 = ¢, =2 (€2 ¥ixed at 2

and < C, £7% ((‘, Fined at .f)

16



7-¢ a) Bas|Eg Coefficient of Right
¢ Vari{Ne| 2z X1 X X3 X4 X5 Xg | Side
A 01 1 -2 2 -3 o 0 D 0
(O Xaf ] o -1 1 1 1 4] 0 4
X5l 21 0 2 -1 1 0 1 ¢] 2
Xl 31 0 1 1 3 o 9} 1 12
Bas|Eq Geoefficient of Right
VariNo| Z X1 X2 Xz Xa P Xz Side
Z o] 1 4 -1 Q 0 3 ¥ 3
M x4l 1| o -3 2 0 1 —1 01 2
Xaf 2] o 2 -1 1 1] i 0 2
Xel 21 0 -5 4 g 2 -3 1 5
Bas|Eq Coefficient of Right
VariNc] 2 X1 X X3 X4 Xe Xg Side
op 1 2.5 D 0 0.5 2.5 0 7
(B x2| 1| o -1.5 1 ¢ 0.5 -0.5 o1
X3| 2| 0 0.5 0 3 0.5 6.5 [ 3
Xgl 31 0 i3 0 0 ~2 -1 1 2
. R Ay -
Optimal 0 (,%3,%3) S(0,1,3) , 2%- 7
b) The shadow ?ru'ces are -
*_ L J¥_ 5 *
YTz , e %, y0
711274 are the marqina| values
' vel
aP _)_-gsaurces' .1..J a.,,‘,f 3, m.sru.h.l{'er'.
‘*") 2 2 3 7| Optimal valeg
Varlables [1] 1 3
RHS
Constraint -1 1 1 4 <= 4
2 -1 1 2 <= 2
1 1 3 10 <= 12
TAdjusiable Cells . T -
Final Reduced  Cbjectlve  Allowable Allowsble
Ceil Hame Value Gaost Cosfflcient Increase Decreasa
SBS3 Variables 0 25 2 25 1E+30
$C53_Variables 1 0 -2 _1.6636667 1
$DS3 Varlables 3 [] 3 1E+30 1
Canstraints
Final Shadow  Constraint Allowable Allowabla
mCall Name Value Prlce R.H. Slde Increase Decroase
$F35 Constraints 4 0.5 4 1 2
$Fi§8 2 2.5 2 2 6
$F$7 10 0 12 1E+30 2
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