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aZ,x,  +aZZxZ  +...+az,x,(<, 2, =)bz
.

. . . . . .

..I..

. .
a,,,,xI+amzxz  +...+a,,,&]<, 2, =]bm

bbat x,6 = 1.2 ,..., n)  2  0
Y

l&ilpp P  =  i:CJXJ
j =  I

(2.7.)

(2.3)

(2.1)’

3 4 OR 233



~GlfJ~~Cl~lfki  i aijxj{g,  2,  =jbi, i = 1,2, . . . . m
j=l

(2.2)’

OR 233 3 5
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50x,  +  20X,  +  5 % < 60‘

XI,  x2, x3, x4 2  0

3 8 OR 233



OR 233 3 9



40 OR 233



X2

l H(20, 30)3 0

2 0 \D(15,  20)

l K(35. 15)

OR 233



5 0

4 0

3 0

2 0

10

“, ‘.:.

,,(, :

42 OR 233



5 0

4 0

3 0

2 0

1 0

2x,  +3x, < 90

4x, + x2 2 4 8

XI < 3 0

xz 2 8

OR 233 43

J



44 OR 233



bar

adI  + ap2x2 = b,

adI  + +x2  = bl

OR 233 45



mi1gqFlz  =  i; c j x j
j=l

(2.4)

”

hJ%klh%l c aijx,+x,+i  =  bi i  =  1,2  ,...,  m
j= I

(2.5)

AX = B (2.5)’

x20 (2.6)’

(c ,,..., C”, 0 ,...,  0)

6 I,...  9x,,  x”+I....A.rn)

(b,,...,b,)

(a, 9 az>...,a,,  a,*,...a,+,)

=

bsiriern x,,,,  x,+~  ,...,  x,,, %L%&dLb¶hOf&XJ  (slack variables) MlflL3lhW@

xj = 0 yn 7 j = 1,2,...,n  LEE x,+~ > 0 vjn  7 i = I,2  ,...,  m dllMl9  x,+~,  i = 1,2  ,...,  m

4 6 OR 233
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(a) (b) Cc) (4

4 8 OR 233



OR 233 4 9



Z-12x,-8x2-0x,-0x, =  0 . . . . . . . . . . (0)’

2x, +3x,  + x3+0x,  = 90 .......... (1)'

2x,+ x,+0x,+  xq = 50 .......... (2)'

5 0 OR 233



8,  = AL  i = 1,2,...,m
alh

OR 233 51



n”adXp 5 12 8 0 0 FG%dhJYA

X, Ci FhWl a, a 2 a 3 34 4

X3  0 4 0 0 2 1 - 1 2 0

XI  12 25 1 1.
z

0 1
5

5 0

3 12 6 0 6
z =  3 0 0

cj - s, 0 2 0 - 6
*

5 2 OR 233



40 25~ es% 2 0  f5.J  5 0
2’ l/2

n”aaahp CJ 12 8 0 0

Xl C, iltW3IJ a1 a2 a3 a4

X2 8 20 0 I 1 1
2 2

Xl 12 15 I 0 1 3
4 4

3 12 8 1 5
z = 340

c,  ~ “j 0 0 - 1 -5

Y
~inwi=mb.Gii  C, - s, > 0 aawwii  Sqnnis~iuam

OR 233 5 3



x,o_a,+x2oa2+...tx,oa,  = a0

x,&,+x~&~+...+x,~c,  = ZO

54 OR 233



&d-%p cj I
Cl c2 . c, 0 0 . . 0

X, Cl

%+I 0

31 a2 _a” ii,+1 a,+,  . . . -n+rlla

X11 XI2 Xl" 1 0 . 0

X21 x22 . %I, 0 1 0
. . .

. . .
.

‘%I %nz.  . .%nn b b ::: i

0 0 0 0 . 0

c2 C" 0 0 0

0, = Xl0~, x,~ > 0; i = 1,2 ,..., m
Xik

OR 233 55



XikXrOxib  = xi0  --)
xrk

xij = xij -a.

xrk
,I  # r

&d7pW 5 CL c* CI c, 0 0 0

x, c, hleuq1w a, 3, a, ... 8. *“*I a.., 8..“,

X,.,-L 0 XWI,O

Xk Ck %l

x.*ln 0 &"o

XII x,2... 0 X,” I X,,nw>  ... 0

5 6 OR 233



= b,  i = 1,2,...,m
j=l

bbRr x, > 0 j = 1,2,...,n

OR 233



n"aaad-xp 5 Cl c2 . . . C” - M  - M - M

xi ci &ns¶lg1Pa _a, & . . . a" _a,+  I _a”+2  ... I.+m

x,+ I - M XI0 XII x,2 Xl” 1 0 . . . 0

x,+2 - M x20 x21 x22 . . X2ll 0 1 0
. . .

X”ml - M &rlo X,1 x,2 Xnl” b b ::: 1

aijx,  2  bi  i  =  1,2 ,..., m
j=l

LbRZ xj 2  0 j = 1,2,...,n

5 8 OR 233



MlFildlgm  z = 9 cA
j=l

”

bler9~a~l~~  c axjxj  ~ x,+i = b, i = 1,2 ,..., m
J=I

nt2m
FililEp z = CIXl  + c Mx, Lh

j=l j  =  n+m+l

e;lppl  (-Z) = i: (-c,)x,+  “‘c’“’ (-M)x,
j=l J  =  n+m+l

OR 233 5 9



z = i c,x,
j=l

60 OR 233



OR 233 61



ihn"lA 4 9 12 240

%-k&B 8 8 5 300

?t!g  Fil$9q"  Z = 240x,+300x2(fh~5)

hJfJ~Ohi%l 4x,+8x2  < 320 (i%lt@J)

9x,+8x,  < 360 (LLa99lp1)

12x,+5x2  C 360 (bn+osCnsna)

Xl, x2 2 0

x2

80 . .

\

\
I

0

10 20 30
XI

40 50 60 70 80 90 100

62 OR233
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2.0

1.5

1 .o

0.5

-

6 4 OR 233
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I

2

66

z = o

320 4 8 1 0 0

360 9 8 0 1 0

360 12 5 0 0 1

3 0 0 0 0 0

Cl ~ SJ 240 300. 0 0 0

40 r 1 1
2 i

0 0

40 5 0 -1 1 0

160 E! 5
2

0
8

0 1

80

8

16.8

OR 233



% 150 300 T 0 0z = 12,000

15
5 - 3 90 0 2 0 0

4 240 300 0 0 0
w131m

n”aaahpu c, GklPdld~~

XL Ic hliWl a1 a2 a 3 a 4 a , Oi

X2 300 36 0 1 9 I
40 -lo

0

3 XI 240 8 I 0 I 15 s 0

x5 0 84 0 0 51 19
40 -iii I

OR 233 67



R;=$R;  :I 401  $ 1 $ 0 0

uimnfb  &tnivilYa~si  film~Z=s,,  t~~~~iPi~si~~~auoan~lnci,  j =1,2,3,4,5

kd% Lol%%i  FilTQJ q(j = 0,1,2,3,4,5)  Wilf% 300Rf  + OR; + OR:  ='300R;

ci (j = 1,2,3,4,5)  : 240 300 0 0 0

Rf:I  40 ( ; 1 $ 0 0

300R:  : ~12000~ 150 300 T 0 0

fil'yQ4 cl- s,(j=1,2,3,4,5): 90 0 -T 0 0

uaz hlo~Z=s,=12000

ihonmilua~ c,-S,hTl01d2  w&4~1ii c,-s,>o  lkwi1dg;lqn &I q-s, = 90 UWIJ

68 OR233



OR233 69



bfmii  c,uaa~~u~~~lld~Qd~~u"7  i lLltpeiilfUllUUfl?L~U7fiU  %I& LvilfiLl

300R;  +240R;  +OR;

wl~~w;d~m"  &m-i1 t=ilaf~.~ si(j = 0,1,2,3,4,5)  P;I  Z = s, LQlrilsj~~m"Q~QQnqln  Cj

(j = 1,2,3,4,5)  7~b+kilYfN  cj-  s,

cl (j = 1,2,3,4,5)  : 240 300 0 0 0

300 R; : ~10800~ 0 300 y -30 0

240 R; : 1 19201 240 0 -48 48 0

dlae\l  sj(j = 0,1,2,3,4,5)  : 112720 1 240 300 4 1 8 0

&dh  Z = s, = 12,720 118:: 1

cl-  sj (j = 1,2,3,4,5)  : 0 0 -T -18 0

70 OR 233
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x2  2 yg-tx,+x,)  It% x,-x*  6 0

X,6 -g-(x'+&)  %&I x3-3x4 Q 0

6uyun7aasnl  = s7w7n7aa~~~Aas'a~~~~7~7~~6~~~a~~~~

= 160(x,  + x3) + 205(x,+ x4) LIIM

= 160x,+  205x,+  160x,+205x,  ~1x1

olwllllfl = 335(x, +x2)+ 285(x, + x4) UIM

= 335x,+ 335x,+ 285x,+ 285x,  LIlVl

iiils~thq~nnis~7uz=  ~wmrx-  hop4

= 175x,+130x,+ 125x,+ 80x, ~1x1

LiiuU9hrlJY~~~~~ ,
dqqa z = 175x,+130x,+125x,+80x,

lwJizh%l  x, +x3 <m

X2 +x,g30

-3x,+x2 6, 0

X1-Q 60

x,-3x4 < 0

Xl,  $3 x3.  x4 2 0

LIJ~uurilu~aLLuu~l~~~lu  5cvl

ri-qJqn Z = 175x,+130x2+125x,+80x4

T@lUiiu'o~ln'FI  XI +xj +x5 =40

X2 +x, +x, = 30

-3x1+x* + x7 = 0

x1-x2 + X8 = 0

%-3x, +x, = 0

Xj(j  = 1,2,...,9)  ) 0

72 OR 233



P = O

0

X7 0

XI 175

XY 0

P=O

0

X2 130

X7 0

XI 175

40

5

10

30

60

30

OR 233 73



Xi ci hWU

X5 ‘0”  10

X2 130 30

4 X7 0 60

X1 175 30

X3 125 0

P = 9150
3

cj - sj

X4 80 5

X2 130 25

5 X-i 0 50

XI 175 25

X3 125 1.5

9900
3

P =
cj - s,

“,

175 130 "6 305 0 305 0 175 0

0 0 '125 -225 0 -305 0 -175 0

175 130 125 80 0 0 0 0 0
@hei +

a1 a2 a3 a4 a5 a6 37 as a9
.

d 0 0 2 i 3-~‘:slo ,-i -E 5’
0 1 0 1 0 1 0 0 0

,, :
30

0 0 0 2.0 2 1 3 0 30
,T

1 0 0 1 0 I 0 1 0 30

0 0 1 -?o 0 0 0 1 -

175 130 125 -7Q. 0 305 0 175 125

0 0 0 lro'. 0 -305 0 -175 -125

0 0 0 1 02l -“j -; -;

0 1 0-i 3 '0 5 0 1
2 2

0 000-1314 1

1 0 0 o-; 3 32 0
z

+

0 0 1 0 ;.p;

175 130 125 80 75 230 0 100 50

0 0 0 0 -75 -230 0 -100 -50
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worifmg ni7+Yiuasu

w1519~  2 R: = R:

R:  = Rf-R,Z

R: = R:-(-3)R:

R; = R; LLRZ  R: = R;

'31919;  3 R: = R:

R; = R; - R;

R: = R;-(-2)R:

R: =  R,Z-(f  1)R; Lb%  R; =  R:

,, fll519d  4 R; = R;

R; = R: - R:

R: = R;

R: = R: blar R: = R:

'Sll31.6i 5 R; = R;/2

R: = R;-R:

R: = R; - 2R:

Rj = R:-R;

ha= R: = R;Z-(-3)R:

iYad14 2.10 97niftpf~luK~iaoei~~$  2.6 89P97~~iaU~~~s~dJ7~*~~~~~~~~~  3 Gh

bsulGinis

I. Big-M Method

2. Two - Phase Method
9 4  0
?li?ll I. Big - M Method

L4uu~~'aaL¶Juul~s~lu  9:1Gi

dlilqn % = 108+12x,+24x,+Mx,+Mx,

bW~~“oi~lf%  5x,+3x,-x, +x5 = 2

4x,+x, +x, = 2

XI+ x2 + x4 = 1

xj(j = 1,2,...,6)  2 0

OR 233 75



Xb M

! = 108+4M

XI 12

x, M

X4 0

! = 2M+24
5 .

+ 108

XI 12

x3 0

X4 0

z = 114

%

%

Cj  -  Sj

SJ

cj  -  sj

3

c j  - s j

12 24 0 0 M M

-

5 3 -I 9 1 Q

4 1 0 0 0 1

1 1 0’ 1 0 0

9M 4M -M 0 M M

12-9M  24-4M M 0 0 0

1 A -1.’ 0 1 0
5 s ’ 3

0 23 1”. * -1
5

5 0

12 3 6 - 7 M  4M-12  o ~
5 ” 3

1 2 - 4 M  M
5

0 7M-  -- 12 12’~kk’ o 9M-12
5 s

o
5

1 1
4

0 0 0 1
4

0 7
4

1 0 - 1 5
4

0 3 I
4

0 1 0
4

12 3 0 0 0 3

0 21 0 0 M M - 3

dl Bi

I
a

3

7 6 OR 233



Phase ~ 1

OR 233

z, = 4

XI Cl

x, 1

x4 0

z, = ;

22 55 33 - 1- 1 00 11 00

22 44 II 00 00 00 11

1 1 I 0 1 0 0111 IO 10 0

Sl .9 4 -1 0 1 1

c, ~ sJ - 9 -4 1 0 0 0

2 1 2 - - 0 I 0
5 5 : i

23 0 -- ; 43 O-9 1

3 0 2 1 1
3 3

1 0
5 5

-; 43 0
3 0 -$ 1

0 7 4 0 95 ~ 3
7 -5 3

0

77



.

b%adqipd cj 0 0 0 0 1 I
d1e i

xi ci &MlU a, a2 a3 34 as 36

XI  0 1 1
5

1
4

0 0 0 $

3
x3 0 1

z
O : 1 0 -1’ i

X4  0 1
z

0 I
4

0 10-a

% 0 0 0 0 0 0
z, = 0

c j - s j 0 0 0 0 I 1

Phase - 2

GYadqiu 12 24 0 0
I
I

Xi a2 a3 a4

XI 12
1
2

I
I
4

0 0

0
1

0
7

x3
T

- - 1
4

0

0
1

X4
z

0
3
4

0 I

I2 3 0 0
z = 114

%

c j - s j 0 21 0 0

78 OR 233



1 12 6 9

2 3 6 6

3 9 9 3

OR 233 7 9



hJ%klhih 12x,+3x2+9xJ-xl +x7 = 720

6x, +6x, +9x, -x5 +xs = 450

9x, +6x, +3x, - X6 +x9 = 360

xj(j  = 1,2,...,9)  > 0

Mlilaou~~iau?~nl3  Two-Phase 8:16 Phase - 1 ~~~f%ALhUJlU

filhfpl z ,  =  x,+xg+x!J

xi Ci dl@WlLl

t
X7 1 720

Cj - Sj

X7 1 240

xs 1 : 210:
:’ ‘,(XI 0 40

-I-z, = 450
%

b 0 0 0 0 0 1 1 1

a2 a 3 a4 a 5 a6 37 38 a9

12,  3 9 - l 0 0 1 0 0

6 ‘ 6 9 0 -1 0 0 1 0

‘9 6. ‘, 3 0 q -.l 0 0 1
,, 0

27 15 21 -1 -1 -I 1 1 1

;:27:  - 1 5 -21 1 1 I 0 0 0

I1 0,

60

75

40

8 0 OR 233



dl oi

3 0 -45 0 -1 5 6 -5 -5
z, = 90 7 I 7

1
7 7

c j s j 0 45-
i

0 * -5 -5 0 12 13
I 7 i i

X3 45

XI 90

z = 4950

(1 90

1 0 5

20

45

3

126

48

24

90 60 45 0 0 0

0 -- ‘5 0-Z 5 1
2 6 ii

0 1 1 1 2’
9 -9

0

1 -- 1 0 -I If 0
2 6 6

90 0 45 -10 9‘ 0

0 60 :o 10 -5 0

0 -9 0 -; 1 6
5

0 -1 1 -1 4
5

0
Is

1 1 0 1
Is

0 - 1
5

dl Bi

126

-

270

OR 233 81



90 45 45 -3 0 -6

82 OR 233



Z 4950 -60 - 10 5 di 8,

‘6 105 -y ,-g,; 126

1 2X3 20 1 9 -5 -

XI 45 -; 1 1
6 6

270

OR 233

q,105,

- $5) = -6

f(-E) l?(L) f

A(-$) = $

- f ( f )  = -+

83



-6O-6( -y) -lo-6( - ;)

I++(-  y) $+A(-;)

OR 233



(2.7)

OR 233 85



¶YyMld (dual problem)

wlfililyluos

t ( value )
output j

(output j) = value ff  (input i)( .va’ue.  ) = value
j=l i=l Input  I

j:;

8 6

E
i=l

(

input i
output j

) (output j) Q (input i) ( o~~tij ) ( ~ ) ~ ( 0~~~  j )

(output j) 2 0 value
( booutput j

i  =  1,2,...,m; j  =  I,Z,...,n

(2.8)

OR 233
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