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allxl  + a,*,  + . . . . . + a,Jc. + s, = b, .......... :l)

allx, + allxl + ..*.. + a,.x. + sz  = b, ........... (2)

a-,x, + am2x,  + ..*.. + aax. + s,  = 5, ............ (3)

4x, + 6x, + s, = 12 . . . . . . . . . . . . . . . . . . (1)

-6x,+4x* +sz  = 6 . . . . . . . . . . . . . . . . . . (2)

4x, + s,  = 10 . . . . . . . . . ..*...... (3)

4x, + 2x, is,= a . . . . . . . . . . . . . . . . . . (4)

rpgn2wAu~vodun&wwd  (solution space) 5qntmiluphk3dhu.h  x,, x1.  s,,  st,

s3  tmr s4  8dwnIfitTwqii  s,  = 0 fimumffi (I) edtflw  4x, + 6x, = 12 ~lumid

pli I yyhriu  JC)  hd S, = 0 idi& fh3  oiqnttnulao sI = 0 H%  4x1  +&
= 12 vilUOJt&t?riir  Sz  = 0 LLB: S, = 0 VlUlUiiJtrri  QJ  URZ  MI  m%Ji?‘h  Fhuthhl

‘6 (3) UtWlJiiJ  s,  = 0
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4x, -I-  s, = 12

-6x, + .sz  = 6

+s,  =  1 0

1 1 0 GM 412



4x, + 2x, < 8

Xl,% 2 0

%I xr,  = 8x, + 6x1  +  OS, + OS, + OS,  + os,

rSewrv

4x, + 6x, + s, = 1 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (1)

-6x, + 4x, + s1 =e 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (2)

4x, + s, = 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (3)

4x, + 2x, + ss = 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (4)

XI,  x1, SI,  S2r  Sa,  s4 2 0

aunt &I; s, =: 12, s1 = 6, s.~ = 10 bm:  s4 = 8 k~d~hb~niu  (slack variables)
I

S3

I ,
oiilllh  mJfllJ

u19np d X0 XI X2 Sl s2

X0 0 1 - 8 -6 0 0 0

s, 1 - 4 6 1 0 0

S, 2 - - 6 4 0 1 0

s , 3 - 0

1,  4

4 0 0 I

s . 4 - 2 0 0 0

x0 - 8x, r-6x, - OS, - Osl - OS, - OS, = 0

GM 412 1 1 1



I
1’

/‘./,
-AL--

0

X2 -0

T
- x,  = a/4 = 2 3

XI

t x,  =.12/4 = 3 ;Y
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c3lldY nuni

lll~p ii X0 XI X3 SI sa sa s4 wa&%

X0 0 1 -8 -6 0 0 0 .O 0

I - 4 6 1 0 0  012+12/4 = 3

s2 2  - - 6 4 0  1 0 0 6

Sl 3  - 0 4 0 0 1 0 10

s4 4 - a 2 0 0 0 1 8198/4=2

x0 0 1

% 1 -

Sl 2 -

s3 3 -’
Xl 4 - 1 l/2 a 0 0 l/4 2
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iht~I7  aam

%JlriY~lu  d X0 XI X2 SI s1 SJ S4 WLGWlf

x0 0 1 0 - 2 0 0 0 0SI 1 - 0 pJ 1 0 0 - 1 4I

S2 2 - 0 7 0 1 0 3/2 18+18/7

S3 3 - 0 4 0 0 1 0 10 -2.5

XI 4 - 1 l/2 0 0 0 l/4 2-*4h
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.

m”?lLLb BWl15

maTflu  R X0

t

X0 0 1

St 1 -

s1 2 -

m”?lLLb BWl15

maTflu  R X0

X0 0 1

St 1 -

S2 2 -

x0x0 00 11

SlSl 11 --

XlXl 22 --

x0x0 00 11

X2X2 11 --

XIXI 22 --

0 1 7/45 -2/45

1 0 -2/45 49/315

b+i  x, = 301145, x1 = 49/45 mr x0 = 280/9

~kh4

XI X2 Sl S3

-4 -4 0 0

2 7 1 0

7 2 0 1

0 -2017 0 4/7

0 4517  1 -2/7

1 2/7  0 l/7

0 0 4/9 28/63

’ 3wi1fppJ0J x0 = 2x, + x2 - 3x, + 5x,

&Juhl

x, + 7x1  + 3x, + 7x, < 46

3x, -x2  + x3 -i- 2x, < 8

2x, + 3x*-x3  + xq < 10

Xl  , x1, x3, x4 2 0

%-ii

x0 = 2x, + x1 - 3x, + 5x, + OS,  + OS,  + OS,

lhtlll

x, + 7x, + 3x, + 7x4  + s, = 46

3x, -x1 + x3 + 2x. + sz = 8

2x, + 3x1-  x1 + x, +s3 = 10

wat%wT
0

2 1

4 9

2 8

7

7

280/9

49/45

301/45
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htd5  mm-i

mp d

x0 0

SI 1

.% 2

S3 3

x0 0
SI 1

x4 2

S3 3

x0 0

S1 1

x4 2

X3 3

-

x0
1

1

-
1

-
XI = x3 = 0

Xl X3 X3 x4 Sl S3 S3 WRhilf

-2 -1 3 -5 0 0 0 0

1 7 3 7 1 0 0 46

3 -1 1 2 O - 1 0 8
2 3 -1 1 0 0 1 1 0

11/2 -7/2  11/2 0 0 s/2 0 20

-19/2 21/2  -l/2 0 1 -7/2 0 18

312 -l/2  l/2 1 0 l/2 0 4

l/2 7/2 -3/2 0 0 -l/2 1 6

6 0 4 0 0 2 1 26

-11 0 4 0 1 -2 -3 0

11/7 0 2/7 1 0 3/7 l/7 34/7

l/7 1 -3/7 0 0 -l/7 2/7 12/7

, xl = 12/7

.

x4 = 34/7 , x0 = 26
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2x1  < 2 0

2x1  d 2 -I- 4/3x,

2x, + 2x, G 56

2x, B 10

iirii
”

nfiJlilwurJ~~~ful~~~lu~~~~~~~

x0 = 2x, + 6x,

L%lUy1y

2x1 + Sl =40 . . . . . . . . . . . . . . . . . . . . . . . . (1)

2x2 + s2 = 20 . . . . . . . . . . . . . . . . . . . . . . . . (2)

-4/3x, + 2x1 + SJ = 2 I.................’ . . . . . . (3)

2x, + 2x1 + sq’ = 56 . . . . . . . . . . . . . . . . . . . . . . . . (4)
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t-fmn

A X, X, S,  Al S,  Sz  S, Sa

-2 -6 0 M 0 0 0 0

2 ’ 0 ‘ 0 0  1 0 0 0

0.20 0 0 10 0

-b/3  2 0 0 0 0 1 0

2 2 0 0 0 0 0 1

2 o-1 1 0 0 0 0

elilid

UlVlTp4

X0

S,

s,

S,

S,

A,

X0

S,

S2

S3

S,

Xl

24  412

fun75

fi

0

1

2

3

4

5

O.
i
2

3

4

5

-
X0
T

r

-

X, Xz Ss  A, S,  Sx  Sa S.

-2-2M -k M 0 0 0 0 0

2 0 0 0 I 0 0 0

0 2 0 0 0 I 0 0

-4/3 2 0 0 0 0 1 0

2 2 0 0 0 0 0 I

2 0 -1 1 0 0 0 0

0 -6 - 1  l+M 0 0 0 0

0 0 l - l 1 0 0 0

0 2 0 0 0 1 0 0

0 2 -2/3  2/3 0 0 1 0

0 2 1 -1 0 0 0 1

1 0 -l/2 l/2 0 0 0 0

,lOM

40

20

2

56

10

10

30

2 0

!6/3

4 6

5

123



x, 0 1 0 G -3 3+M  0 0 3 0 36

s, 1 - 0 0 1 -1 1 0 0 0 30

s, 2 - 0 0 2/3  -213  0 1 -1 0 3413

x, 3 - 0 1 -l/3 l/3 0 0 l/2 0 1313

S. 4 - 0 0 5/3 -s/3  0 0 -1 1 112/3

X, 5 - 1 0 -l/2 l/2 0 0 0 0 5

X, 0 1 0 0 0 M 0 9/2 -312 0 87

S, 1 - 0 0 0 0 1 -312 3/2 0 1 3

s, 2 - 0 0 1 -1 0 3/2 -312 0 1 7

Xl 3 - 0 1 0 0 0 l/2 0 0 1 0

S, 4 - 0 0 0 0 0 -S/2 3/2 1 9

Xl 5 P - 1 0 0 0 0 3/4 -314 0 27/2

X, = 87, X, = 27/2,  X, = 10 Am.

&ah aJMlFilqJLyuoJx;  = 2x, + 3x2-5x,,
L&nh

x, + x, + x, = 17

2x,  -5x*  + x1 2 10

Xl, x2, x3 a 0

;;Ti1
1

ailJ~0uLlY~Llvlilfuul~~~lU~~~J~

X, = 2X, + 3X, - 5X3  - MA, - MAI

L&‘2U

x, + x, + x, + A, = 17 . . . . . . . . . . . . . . . (1)

2X,-5X*  +  X , - S , + A ,  =  1 0 . . . . . . . . . . . . . . . (2)
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X0

Xl

Xl

uum

ri

0

1

2

x0 x, X, X, s, A, A2 us&wf

1 - 2 -3 5 0 M M 0

1 1 1 0 1 0

2 -3 1 -1 0 1 10

1 -2-3M - -3 +4M S-2M M 0 0 -27M

1 1 1 0 1 0 17

2 -5 1 -1 0 1 10

1

1

0 -8-1/2M 6-1/2M -l-1/2M 0 1 + 3/2M IO-12M

0 l/2 l/2 l/2  1 -l/2 12

1 -512 l/2 -l/2  0 l/2 s

0 0 5017 l/7  16/7+M -1/7+M 262/7

0 1 l/7 l/7  2/l -l/7 24/l

1 0 617 -l/7 517 l/7 95/7

XIJ  = 262/l,  x,  = 95/7,  XI = 24/l Ans.

VYaDfhJ wh&mlJ  x0  = 10x,  - 12x3  - 14x,

&hJ

2x,  +  IOx*  - 6 x ,  2 3 0

5~1-6~1  +  10x,  d 2 0

x, + x2  + x, = 5

Xl,  Xl,  x3 b 0

j&ii rrJ~“~,~urruu~ofuul~JlwJ-r~~~d
x0  = 10x,  - 12x,  - 14x, + MA, + MAI

&4bl

2x,  + 10x,-  6x,‘-  s, +A , = 30 . . . . . . . . . . . . . . . (1)

5x, -6x, + iOx, + sz = 20 . . . . . . . . . . . . . . . (2)

x, + x*  + x, +-A, = 5 . . . . . . . . . . . . . . . (3) ;
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vhtds  t4uni7

Ulmrp4  li X0 X, x,  X,  S, A, A,  SI nidid

x0 0 1 -10 12 14 0 -M -M 0 0

A,  1 2 10 -6 -1 1 0 .O 30

S, 2 - 5. - 6 10 0 0 0 1 20

A2  3 - 1 1 1 0 0 1 0 5

X0  0 1 -IO+  3M 12 + 1 lM[14-5M  --M 0 0 0 35M

A, I-‘ - - --~ 2 10 -6 -i 1 0 0 30

s, 2. - 5 -6 10 0 0 0 1 20

A,,3 - 1 I 1 0 0 I 0 5
I

X7  0 I -62+4M  -- o 106+8M  6 M5 5 TTS’y(j -6 IIM 0-;-,a 0 -36 + 2M

f

X2 I l/S I -3/S -I/IO l/10  0 0 3

S, 2 - 31/5 0 32/5 -6/10 6/10  0 1 38

A,  3 - 4/5 0 815  l/10 -l/10  1 0 2

x0 0 1 -23 0 0 -l/8 1/8-M-53/4-M 0 -125/2

X2 I - l/2 1 0 -l/6 l/16  318 0 15/4

S, 2 3 0 0 -I I 4 1 30

X3 3 - l/2 0 1 l/16 -l/16  S / 8 0 5/4
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tt1JFljtOu~unnui~5;7urn’xo  = 6x, + 13x,

t%lurll  x, + 3x2 + s, = 9 . . . . . . . . . . . . . . . (1)

3x, + 4x2 +s* = 12 *.............. (2)

67rrlJ-s mml~

ulmyJlu i

X0 0

S, 1

S1 2

X0 0

X2 1

S* 2

X0 0

X* ‘1

Xl 2
L

X0 Xl X2 S, S1 wntcil!

1 -6 -13 0 0 0

1 3 1 0 9

3 4 0 I 12

1 -513 0 1313 0 39

l/3 1 l/3 0 3

513 0 -4/3 1 0

1 0 0 3 1 39

0 1 3/s -i/5 3

1 0 -4/s 3/s 0

128 GM 412



&oh  ew6q~qnm  xc, = 6x, + 3x,

4x, + xz G 8

5x1- 3x, Q 10

2x, + 3/2x,  d 6

Xl, x2 2 0

iirii

4x, + x2 + s, = 8 . . . . . . . . . . . . . . . . . . (1)

5x*  - 3x1 + SI = 10 *..........; . . . . . . (2)

2x, + 3/2x, + s3 = 6 . . . . . . . . . . . . . . . . . . (3)

GM 412 129
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A LlLh

UlGl-dpU

X7
---T-----J

S,

S2

SJ

X0

X,

S2

s,

X0

XI

SI

X2

ram17

A x0 XI  x2 s, s2  s, WE&d

0 1 -6 -3 0 0 0 0

1 - 4 1 1 0 0 8

2 - 5 -3 0 1 0 10

3 - 2 .312 0 0 1 6

0 1 0 -6/4 6/4 0 0 12

1 - 1 l/4 l/4 0 0 2

2 - 0 -17/4 -s/4 1 0 0

3 ’ - 0 1 -2/4 0 1 2

0 1 0 0 3/4 0 614 15

1 - 1 0 318 0 -l/4 3/2

2 - 0 0 -27/8 1 17/4 17/2

3 - 0 1 -2/4 0 1 2
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tklulu
4x,  - 3x1  G 12
x,-x* < 2

Xl,  x2 2 0

GM 412 131
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x0  = 9x, ‘t 24x1

Lhibl

3x, + 8x2  < 25

8x, + 3x, 4 22

Xl. x1 > 0

133GM 412



3iVil d”uliluuulJAJof uwlmp4lM~d
OJHldl~Jq~  x0 = 9x, + 24x,
dm.dll

3x, + 8x, + s, = 25 . . . . . . . . . . . . . . . . . . (1)

8x, + 3x1 + sz = 25 . . . . . . . . . . . . . . . . . . (2)

Xl

134 Q4  4 1 2
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3x1  + 4x2 + s, = 6 ,..................(1)

7x, + 5x, -sz + AZ = 2 1 . . . . . ..*......... l(2)

\\
\\

XI

X0 0 1 -57M -3-5M M 0 0 -2lM

s; 1 3 4 0 1 0 6

Al 2 7 5 -1 0 1 2 1

X0 0

x,’ 1

AI 2

1 -5 -3 0 0 M 0

3 4 0 1 0 6

7 5 - 1 0 I 2 1

1 0 1_1+*3 3 M 3+7+3 0 lo-7M

1 413 0 l/3 0 2

0 -13/3 -1 -7/3 1 7

136 GM 412



iwmiid7qmm.3  x0 = 10x, - 12x2 - 14x,

LhA~l!
2x, + 10x,-  6x3 > 30

5x, - 6x2  - 10x, 4 2 0

X, + XI  + x1 = 5 ,

Xl, x2, x3 2 0

i&i1  aun~~rffw7nrl~~rrJmHJIilunsd

A,, = A, + A,

Q4 412 137



lbeuii 1

AliLh  Rwll7

mq7u  d Ao X, X, X, S, A,  A, SI,  URKWf
Ao 0 1 0 u 0 0 - 1 -1 0 0

A, 1 - 2 1 0 -6 -1. 1 0 0 3 0
S2 2 - 5. -6 10 0 0 0 1 20

AZ 3 - 1 1 1 0’ 0 1 0 5
A,, 0 1 3 1 1 -5 -1 0 0 0 3 5

A, 1 - 2 10 -6 -1 1 0 0 3 0

Sz 2 - -5 -6 1 0 0 0 0 1 20

A2 3 - 1 1 1 0 0 1 0 5
A0 0 1 4/s 0 8/5 l/10 0 0 0 2

XI 1 - l/5 1 -315 -l/l0 l/10 0 0 3

s; 2 - 31/5 3215 -6110 6/10 0 1 3 8

AI 3 - 4/5 0 fj/5 l/10 -l/10 1 0 2
A,, 0 f 0 0 0 0 -f -1 0 0

x, 1 - 0 1 -1 -l/8 l/8 -l/4 0 5/2
s2 2 - 0 0 -6 -11/8 11/8 -31/4 1 45/2

x, 3 - 1 0 2 l/8 -l/8 5/4 0 5/2

138



t
mm-i

d x0 x, x, x3 s, %

0 1 -10 12 14 0 0

1 - 0 1 -1 -l/8 0

2 - 0 0 -6 -II/8 1

3 - 1 0 2 l/8 0

0 1 0 0 46 11/4 0 -5

1 - 0 1 -1 -l/8 0 512

2 . - 0 0 -6 -11/8 1 45/2

3 - 1 0 2 l/8 0 512

0 1 -23 0 0 -l/8 0 -125/2

XI

S2

X3

1 - l/2 1 0 -l/16 0

2 - 3 0 0 -1 1

3 - l/2 0 1 l/16 0

cixo = -12512, x, = 0, x1 = 15/4, x, = 5/40:

vibth wnwiqqmm  x0  = 2x, + 3x,-5x,

&1Y

x1 + XI  + xj = 17

2x,-5x,+x, 2 10

Xl,  x2,  x3 a 0

i+h %A,,  = -Al-Al

uaibib
--’

0

5/2

45/2

512 I

1514

30

514

mu
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a woua  I

AuLh ffwm

ulm>jlu  d A, X, X,  X,  S, A, A ,  crahf

A0 0 1 0 0 0 0 1 1 0

A\ 1 - 1 1 1 0 1 0 17

A2 2 - 2 -5 1 -1 0 1 10

A0 0 1 -3 4 -2 1 0 0 -27

A, 1 - 1 1 1 0 1 0 17

A2 2 - 2 -5 1 -1 0 1 1 0

A0 0 1 0 -l/2 -l/2 -l/2  0 3/2 -12
I

A, I,- 0 ‘7/2 l/2 l/2  1 -l/2 12

X, 2 - 1 -s/2 l/2 -l/2  0 l/2 5

A.3 0 1 0 0 0 0 1 1 0

Xl 1 - 0 1 l/7 l/7  2/7 -l/7 24/7

X *’ 1 0 6/7 -l/7  5/7 l/7 95/7

&I mwl2

h u l l s 8un7'5

aJ1mvp  d X0 Xl X2 X3 SI WRITwf

X0 0 1 -2 -3 5 0 0

x* 1 - 0 1 l/7 l/7 2417

X, 2 - 1 0 6/7 -l/7 95/7

X0 0 1 0 0 5017 l/7 262/7

X2 1 - 0 1 l/7 l/7 24/7

1 X, 2 - 1 0 6/7 -l/7 95/7

th, = 26217,  x1 = 95/7,  x2 = 24/7,  x, = 0 mu

1 4 0 G M  4 1 2
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(n) aJnihhQmmJ  2x, + 2x2

(YJ)  aJnldl~JQnuoJ  3x, + 3x*

(p1)  aJnldlqJQmJ  XI - 2 x ,

( 5 )  aJnlcil~JQ’Wu”J2X,  +  3X1

i;ou~u
-x, - x3 d -1

Xl  -x3 =s -1

Xl 3 0 LLR:: x3 > 0

( 6 )  aJn1h~lQWIlOJ  2 x ,  +  3x1

&nblu

2x,  f x3 > 10

3x, + 4x3 2 36

Xl, x3 >, 0

( 7 )  aJnwivi~Q”lJflJ  5x1  +  2x,

t%lulu

x, + 2x, 2 5

2x, -x3 2 12

Xl + 3x2 2 4

(8) aJnlfil&JQWJ  X I  + X1  +  2X,

&uru

X l  + x3 + x3 G 2 0

x, - 2x2 + 2x, 6 10

Xl,  x3,  x3 z 0.
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x, + x1 + x1

Xl -2x, + 2x,

XJ

(10) JJH161htpmlJX1  + x1 + 2x,

&l41u

XI + XI + xj

-x1 + 2x,-2x,

xJ

(11) JJHldl~JtjRVOJX,  + 3x1  + x3

&dll

4x, + 6x1

Xl + 4x3

3x1  + 2x3

X1

XI. x1, x3

(12) wmwlqnlinJ 3x,  + 2x,

rhdv

2x, - x1

2x, -x1

XI + 3x, ,

Xl -x2

Xl, x2

= 20

3 10

2 0

= 20

4 - 1 0

2 0
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(13) amiFii~qeua~4x,  + 2x1 + 5x,  + 2x,

&u’lu

2x, + 3x, + x3 d 1 5 0

3x,  + 2x, + 4x, < 120

Xl + 2x2 + 2x, 2 50

XI,  X2, x3, x4 2 0

(14)  wwhdiyum  x, + 3x, + 4x,

&uru

2x1 + 4x, + 3x, 3 60

3x2 + 2x, + x1 2 60

2%  + x2  + 3x, 490

x1, x2,  x3 3 0

(15) awmiqywa~ 10x,  + 7x2  + 12x,  + 9x.

i;oulu

3x,  + x1  + 4x, + 2x4 < 120

x2  + 2x, < 80

2x, + 2x, + 3x, G 90

Xl. x1,  x3, x. 2 0

(16) smifii~qnuo~  2x, + 3x,

&lulu

3x,  + 4x, 4 120

2X‘ + x1 < 60

Xl,  x1 2 0
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(17) sm,ti,ii,q”wlJ  12X‘ + ax, + 4x,

&u1u

6x, + 2x, + 6x, 2 6

6x, + 4x, = 12

2x,  - 2x, G 2

yin  xj ‘P 0

(18)  wwhqqnuo~  8x1  -4x1 + 4x, + Ox,

&41u

2x1  + 2x1  + 2x,  + 2x. < 16

4x, - 2x, < 8

4x, - 2x1- x, < 4

qnxI  30

(19) wHvi,~7qRUOQ  .5x, + 1.5x, - 3x3

Lhb~?l

-.5x, - .5x, + x3 < 2.5

Xl - .5x1 + .5X, 4 3

.5x1- 1.5x2  + 2.5x, > 10

vpx,  3 0

(20) o4~~fibulwi~~~~~n~~Q~~~

n) owvh~~~tm~  4x, + 4q1-8

u) wnlti,~,~nao~ 12x1-4x2  + 240

1hblu

XI  + 3x, (44

Xl + xr (24

-4x, + lox* (20

‘X,  + 2x, 4 16

Xl,  xa > 0
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