
OR 333 2 0 5



t a,x, 2 bi
,=I

. . . . . . . . . . (5.3)

2 0 6 OR 333



OR 333 207



. . ..I.....  (5.6)

2 0 8 OR 333



OR 333 2 0 9



3x, + 4x2 + x3 + 2x. < 1200

3x1 + 2x, + 2x, + 5x, < 2ooo

x1 + 3x2 + 4x, + 10x4 < 2400

5x, + 3x* + 3x, + lx4 < 1800

blfG xj cj  = 1, 2, 3, 4) B 0

( 2 )  Ml~l~lqauo~  P. = 12x1 + 9x2 + 18x,  + 20x.$  + 13x,

blU~~~~l~@

Xl + 3x2 + 5x, + 2x, + 2x, > 1500

2x1 + 2x1 + 4x, + x4 + 3x, 6 2500

1x1 + 3x2 + 4x, + 5x, + 2x, 2 3800

2x1 + 2x2 + 2x, + 3x4  + 5x, > 2400

Lb% X j Cj  = 1,  2,  3,  4,  5) 2 0

( 3 )  ~l’filf9$WYO9  P, =  2 4 x ,  + 19x2 +  2 5 x ,

LX6k&Gll~~

Xl + x2 + x3 = loo0

2x, + 4x,  + 2x,  d  900

3x* + x2 + 5x, < 850

3x, + 2x,  + x3 b 350

5x, + 2x* + 4x,  > 600

LLRZ x1 1 x2 1  x3 2 0

( I )  Hl~lil~~V09  P, = 12OOw,  +  2000~2  +  2400~3  +  1800~4

-hJd~a”elfYm

3w,  + 3wz+ WJ  f  SW*  2 I

4Wl  + 2wz + 3Wl  + 3w4 2 8

2 1 0 OR 333



OR 333 211



2 a,x, 2 b. , i=ki
,=I

- l,k+2,...,m

OR333



n

t a,,x,  & b, , i=1,2  ,...,  k
, = 8,

n
t a,,x, = b.  , i=k+l,...,  m

,=I

X, b0 ( j = 1,2 , . . . . n

OR 333 2 1 3



w, + 2w, + 3w, - 3w, - 5w, 2 24

w, + 4w, + w3 - ,2w4 - 2ws 2 19

w, f 2w2 f 5w, - wq - 4w, 3 25

w, b.hhwlb~~OSHaJ1U  81n% W*, ws, w,, ws &Il~raid~lb~ua¶.l

2 1 4 OR 333



(a 0)

WI

Wi

W,”

2

XI . . . Xi . . . X.
-

d 11  ... d,j  . . . d,,
. . . . . . . .
. . . . . . . .

di, . . . d, .,.  d..
. . . . . . . .
. . . . . . . .

d “81 . . . dti . . . d,,

Cl . . . c,; . . .

. . . . . . . . . . (5.11)

OR 333 2 1 5



L 2 + Ri + $ li dt = e(t). . . . . . . . ..(5.12)

2 1 6 OR 333



I!fk+Mlb%l  (primal problem)

H1-+-ilppYQ4

h value )(output j) = value
j=l output j

&$Ml~ (dual problem)

Mldl~lq"""9

g (input i)(
value ) = value

i=l input i

2 1 7



b input i
)(output j) < (input i)

, = I output j

(output j) 20

h input i )( i;;;i ) 2 ( va1ue )
I=, output j output j

(
value

1 20
output j

218 OR 333



; ( i a,w,Jx,. d : b,w,.
j=l i=l i=*

OR 333 2 1 9



; c,x,  6 ii ( Z  a,w,.)x,.  d i? biwi,
j=l j=l I=, I=,

.: Cd
uunm P. < P,

2 2 0 OR 333



x.* = (xf,,  . . . . xi,  . . . . x:0)

bhhWllJ~6l%Jf  (optimal solution) &ZU

OR 333

c,  - s: Q 0 yn 7 j = 1, 2, . . . . n + m

2 2 1



hJtW$  c, = 0 yn 7 j = n + 1, n + 2, . . . . n+m  ~Jii~oc,=o?n7i=1,2,...,m

LaldJl641

sf 2 c, vn q j = 1,2, . . ..n . . . . . . . . . . (5.21)

Lbnr 9 2 0 yn  7 j = n + 1, n + 2, . . . . n + m

es% s:+i > 0 =rp  7 i = 1,2, . . ..m . . . . . . . . ..(5.22)

fd%Qlfl (5.20) bbAt  (5.21) ~?%Jl-hii?h

T sZ+*ia,, 3 cj  , j=l,2 , . . . . n
i=l

W&hl (5.23),  (5.24) LLIt  (5.22) TXJn'or ?%I

wi = ~2~20 , i= 1,2 ,...,  m

.......... (5.23)

.......... (5.24)

,.........  (5.25)

P, = : b,wi  = : b&+,,  ; I:  c,xi.  = Pf
i=l i=l i=j

jSB

= eilpyluo~  P,

2 2 2 OR 333



if aqwi  -- w,+]  = cj  , j  = 1,2 ( . . . . n
I=,

g a&+: - w,+)  = c,  , j = 1,2 , . . . . n
I=1

w,+j  = F a&+;i  - C, , j = 1,2 , . . . . n
i=l

. . . . . . . . . . (5.26)

. . . . . . . . . . (5.27)

ST  = I;  a&+t;,  bbAt c,  - s: < 0  , j =  1,2, . . . . n + m
,=I

OR 333 2 2 3



M1~1i1~~ll09  P, = 2 c,x,
j=l

; a,x, - x.+~  = b.
j=l

UAt x,  ( x.+i  2 0

i = 1, 2, . . . . m

224 OR 333



a,,x, + . . . + al.x.  - x,,, z.7 b,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

a,,w,  + . . . + a,,w,  + w,+, C,

. . . . . . . . . . (5.30)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (5.31)

a,“w,  + . . + a,,w,

OR 333 2 2 5



(G - !t  ailwl)x,  + ,..  +  (c ,  - T  ai.w,)x.
I=1 ,=I

+ W&+1  + ,..  + w,x.+, = P, - !i  wibi
I=,

bafJnw$

m
w,+j  = c, - 1 ai,w,  , P,  = : wjb,

,=I i=l

w:m+j,& = 0 qn 7 j
. . . . . . . . . . (5.34)

mt ~%&,, = 0 777  q i

x-71  w:,+k,,.  > 0 Lmdti  x&  = 0

akxxhin  x:.,~,,.  > 0 Lna&T  wfo  =  0

OR 333



$1 x& > 0 Lmlsi  w:,+k),  =  0

m&~in  w:. > 0 LalTlt16  X:“+r)o  =  0
. . . . . . . . . . . (5.35)

at,x, + ak2x, + . . + a,.x. = b,

(2) 61

a,,x, f ak2x2  + . . + a*,x.  > b*

L'dlPA~  Wk  =  0

Psiohm

a,,w,  + aziwl  + . . . + a,,w, < Ck

b518EM  Xk  =  0

OR 333 227



228 OR 333



OR 333 2 2 9



Hlfil6liJWll09  P. = 144x,  + 240x1

hJ8lY0h%l

6x, + 15x, B 48

8x, + 10x2  > 32

bbix x,,xz>  0

w?+ilt$K$W04  P, = 48w,  + 32~1

6w,  + SW,  < 144

15WI + low* 6 240

LLRE w, , w2 2 0

0 4 8 1 6 2 4

2 3 0 OR 333



; a,x, (a,  2) b, , i = 1,2, . . ..m
,=I

X, 2 0 , j = 1,2 , . . . . n

OR 333 2 3 1



Z a,,w, (2,d)  c, , j = 1,2 , . . . . n
,=I

LbRf wi  2 0 , i = 1, 2, . . . . m

XI + 2x1 + x3 f x4 + 3x5 6 120

x2 + x3 + 3x4 + 2x5 d 160

bat Xl,  x2,  x3,  x4,  x5 > 0

94 D
XiVll

232 OR 333



.......... ( 1 )

.......... (2)

.......... (3)

.......... (4)

.......... (5)

OR 333 233



= 360x1 + 300x,  + 350x2 + 320x4 + 360x,  + 280x,

234 OR 333



9x, +  5x1 + 7x, +  4x, + 12x,  +  5x, 2  1 8 3 6

8x, + 6x1+  7x, + 8xq + 5x5 + 7x, 2  3192

WE x, ci = 1, 2, 3, 4, 5, 6) > 0

i alternative optimal solutions LL8d~Ml'$4Z~  degenerate optimal solution

0 0 0 0 0 0 0 0 1 1

a, a2 a, a4  as  as  a, a, as alo

9 5 7 4 12 5-l 0 1 0

8 6 7 8 5 7 O-l 0 1

17 11 14 12 17 12 -1 -1 1 1

17-11 -14 -12 -17 -12 1 1 0 0

0 1 0
9

-1-i 1

o ‘J 7 40 17 23 8 -1 8 ,

9 9 9 3 9 9 -9

0-p -1 -40 17 23 8 , 17 o
9 9 9 5-9 9 9

459

351

OR 333 235



Phase II

48

xa  320 351

CI 360 300 350 320 360 280 0 0

P  =

xs 280 160xs  280 160
22

x, 320x,  320 259259

P  =

0 7 7 1-z 23 1 9
20 ii 40 40 5-z

60  256 308 320 276 292 -8 - 3 6

0 44 42 0 84 -12 8 36

1 0 4 7 1 9 2 1
3- 3 5 o T 1 - -3 3

23 5 7 7 5
‘12 -12 -6 l-59 12 0 E--E

20 240 280 320 200 280 0 -40

40 60 70 0 160 0 0 40

610.4

444

m31sw”  Caiabda;iPb  C, 360 300 350 320 360 280 0 0

xi c, IhlQ¶J~lUl  a, a,  a, a4 a, a, a, ae

280 456 8 6X6 8 5 1

3 i i

1

i ?

1 o --

7

XI 0 444 23 5 -2 1 2 59 5_ _ - - - - - o 1 - -
7 7 7 7 7

I

320 240 280 320 200 280 0 - 4 0

40 60 70 0 160 0 0 40

iyh-JA~~~1  ma:r~ilaeuqslaJ~~4i

xs = 456, x, = 444 H% xs = 160, xg = 259 bGKJi P&,, = 127,680
7

236 OR 333



w1 = 40, Ws = 40,W, = 60, ws = 7O,w, = 16O,w,  = w6 = w8 = o

hiI 1'pyl = (3192)(40)  = 127,680

OR333 237



bb1Fl9'h  ~QlMl$J  degenerate optimal solution

9w,  + 8~2  t ws = 360

SW, + 6w, +  w4 = 300

lw,  +  lWl + ws = 350

4w,  + SW* + W6 = 320

12w,  + 5w, + w7 = 360

5w,  f lw, + wg  = 280

LbRt wj (i = 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 ) > 0

Wzt4  = Wlr6 = w, = 0 H% c4 - s.$ = C6 - ss = c, - s, = 0

~fl3lWdJlfJ~l  fi~MlL~%J  &h c, - s, 9109  nonbasic variable x, ¶Jl9kiadfh  0 Pa’Prn”%l

lYt&WY1LhJii  alternative optimal solutions

2 3 8 OR 333



4x, + 5x,!  = 1836

8x, + lx, = 3192

&Wll5&Qs  d&h  x6  = 160, xq  = 259

5x,  - x,  = 1836

IX, = 3192

L&Wll5&QJ  51:b% xs  = 456, x, = 444

diii~~vo9  p, xm-huarw’l&n

PI  =  P,,,,  =  (3192)(40)

M%l p: =  (3;0;(259) +  (280)(160)

H% Pt = (280)(456)

$JPA?Y PiQ11ytl = 127,680

OR 333 2 3 9



2

.

~aulapu  bi

wJ bJ fhiW~lU!W5 0 11

W6 0 26

W7 0 1

7bi - si
,

WS 0

WI 480

W? 0

l-

120 480 350 420 0 0 0

a, a4 as a7

1 1 1 2 1 0 0

1 6 2 2 0 1 0

0 0 1 1 0 0 1

0 0 0 0 0 0 0

120 480 350 420 0 0 0

5 0 2 5 l6 5 I 1 -- 6 0

1 l’ 1 1 16 3 5 o 6 o

0 0 1 1 0 0 1

80 480 160 160 0 80 0

40 0 190 260 0 -80 0

e,

1 1

1313

4

13

1

2 4 0 OR 333



5 O-l 0 1
1 5-- --
6 3

1 0 0 0 1
1

6 -3

0 0 1 1 0 0 1

480 420 420 0 80 260

bi - s,  40 0 -70 0 0 -80 -260

WI 120

W2 480

W4 420

6

24

-

OR 333 2 4 1



2x, + 4x2 + x3  2 500

2x, + 3x1  + 2x,  >, 250

XI + 2x,  + x3  3 300

3x, + x2  + 2x,  > 200

LLK Xl, Xl, x3 2 0

- 2 x , - 4 x , -  x3+x., = 500

-2x, - 3x,  - 2x, +x5 = 250

-x,  - 2x*  - x, + X6 = 300

- 3 x , -  x,-22x3 +x, = 200

LLR:. x , (j  = 1, 2, 3, 4, 5, 6, 7) 2 0

242 OR 333



Ml?lb~lLkJFillltl~  x,  dlllQ~  P ‘diJiN$fl  (4)(-%X)/(-2)  = 1,000

~inbairh.kiuas  x2 fiim9  P xuGh.An  (io)(-soo)/(-4)  = 1,250

m7rai&.Aiuo~  X, fi~uos  P whuBuZn  (3)(-5ooy(- 1) = 1,500

611'51.3~ Kaulapu CJ 4 1 0 3 0 0 0 0

Xi Ci thOlJ~l~  a , aa a3 a, a5 as a,

X4 0 -500 - 2 - 4 - 1 1 0 0 0

X5  0 -250 - 2 - 3 - 2 0 1 0 0
1

X6  0 -300 - 1 - 2 - 1 0 0 1 0

X7 0 -200 - 3 - 1 - 2 0 0 0 1

P=O  ,‘s, 0 0 0 0 0 0 0

OR 333 2 4 3



2 I 250

250

- 5 0

550 1
1 2 1 l

5 -z
0 0 0

0 1 - 1 - 1 1 0 0

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

0

0 5 -- 1 -- 3 0
2

0 1
2

4 8 2 - 2 0 0 0

0 2 1 2 0 0 0

KX6¶hp4 CI 4 10 3 0 0 0 0

X i Ci Bil61Q¶JjVb  a , al a3 a, a5 a6 a,

Xl  4 200 I 2 0 - 1 0 1 0

XS 0 350 0 1 0 0 1 - 2 0

X3  3 100 0 0 1 1 0 - 2 0

LX7  0 600 0 5 0 - 1 0 - 1 1

2 4 4 OR 333



Mlfilp~~llo4  P, = 5oow, + 25OWl  + 3OOw,  + 2OOw,

blUi~Oilii@

2w,  + 2Wl f w:,  + 3w, + ws = 4

4w, + 3w2  + 2w, + w, + W6 = 10

w, + 2w2 + wp  + 2wq +w,= 3

bbnt wj (i = 1 , 2 , 3 , 4, 5 , 6, 7) 2 0

e978ii~oer~~iaerSfnia~~~~~n~  ds-qpm%ioldd

500 250 300 200 0 0 0

a, as a7

500 250 300 200 0 0 0

500 500 250 750 250 0 0

0  - 2 5 0 50 -550 -250 0 0

3

2.5

3

4

-

2

OR 333 245



WI 500 1 1 0 0 1 1 0 - 1

3 WS 0 2 0 - 1 0 - 5 - 2 1 0

w, 300 2 0 2 1 1 - 1 0 2

500 600 300 800 200 0 100

0 -350 0 -600 -200 0 -100

XI x2 x3 WI WI  w, w,
B’s

P. 0 -4 -10 -3 P. 0 -500-250 -300 -2w

X4 -500 -2 -4 - 1 WI 4 2 2 1 3 2

X3 -250 -2 -3 -2 WI 10 4 3 2 1 2.5

X6 -300 - 1 - 2 - 1 W7 31 2 123

X7 -200 -3 - 1 - 2

XOJ  /x4 2 2.5 3
1 I I

2 4 6 OR333



I
I 

I
-
h

a
,
-
I
!
.
2

3
 

3
 

r

I 
I

-
 

N
 
I

I
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-

 
0 I

t.2
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PT  = P*

s,  = 1w,,,m+j 1,  j = I.2 ,._., 11

\.I,, = / w.,,  1 , i = I, 2,  ,,., m

,!i, a,, \, > b,

2 4 8 OR 333



OR 333 2 4 9



P,

mmsi?  1
W 4

W 5

W S

0-..---__
104

240

324

WI WI WI

2880 3400 -600

6 8 0

IO 12 2

13 15 3

WI W4 WI

dlllD9  8.

13

20

21L4
I5



bk  .-  sr ’ bi  - st

X:,
= e/lhyl(-+ ( x;,<o

X,i

OR 333 2 5 1



(bs  - ss)/x;s  = dlh~ty~  (+ , + , I$?)  = 1~
i

611m~ 6ikJapA bi 500 250 300 200 0 0 0

WI bj  fhiMl¶J~lU  a, a, a, a4 a, as a,

w,  500 1 1 0 0 1 1 0 -1

3 W6  0 0 0 -1 0 -5 - 2 1 0

W3  300 2 0 2 1 1 - 1 0 2

500 600 300 800 200 0 100

0  - 6 0 0 -200 0  - 1 0 0

vll115~ &iaulh~ler bi 500 250 300 200 0 0 0

Wi b,  hVJY~l¶4  a, al a, a, a, as a,

WI 500 1 1 -_ lo-i 0 I-1
2 2

4 WS 0 0 0 l 0 ;I 1 -; 0

W3  300 2 0 5 1 ;I 0
2

-5 2

500 300 300 0 100 100

0 -100 -100

LY@% ~l~oElq~U~uo9~~Hl~~~~~~

Xl  = 200, x,  = 100, xs = 350, x,  = 600, x*  = x, = X6  = 0

%&I xz  = 100, x,  = 100, xs = 250, x, = 100, x1  = x4  = xs = 0

Inuii P&,,  =  1 1 0 0
,

252 OR 333



OR 333 2 5 3



r;l~~laJtuas~Jn~~l~~l~  (P &q,)  = p*

LbtX  x,Cj  = 1,2, . . . . n,n+l,  . . . . n+m) = s, - b,(i = m+l,m+2,  . . . . m+n, 1, . . . . m)

u”shltl

d%¶J~fifJlJhlQJx,~  = 1,2  ,...,  n,n+l,...,  n+m) GJ w,(i  = m+l,m+2  ,...,  m+n,

1, 2, . . . . m) BtbiiWh

61 x, = 0 raTdGi  wi  >o

$1'7  x, > 0 lmdii  w,  = 0

11lJlJTJ”in~  5

3x, + + 4x,5x* 2 70

6x1  + x2  + 3x, > 40

7x1  - -2x2 x3 d 100

Xi - 2x2 + 5x, 2 30

4x,  + 7x1  - 2x, > 20

blRt XI,  x3x2, 2 0

50x,  + 10x, -I-  4x, + 6x, < 2000

3x, t 2x,  f x3 < 160

3x, + 2x, + x, < 240

2x1 + 2x,  G 80

2 5 4 OR 333



winmai.+&.awanC%  3 ww.kp4-1~ fhw~KY.d

7 W5  WI -20 0 33 11 0 1 0 0 -13-g -3 2 -i 4 0 1 0 0 4 4 3 ’ 4 ‘1 4 ?

W6  0 12 0 0 -1 -1 0 1 0 1

WI  40 3 0 1 -; -a 0 0 1. 1
4 4

OR 333 2 5 5



nifhpynm P = -4x,  + 4x, + 3x,

t@uG~a41~~ XI + x1 >, 1

Xl >, 3

-2x,+x2  +  x,G  1

LLU:: Xl, x1, x3 2 0

; unbounded solution hU~%f?715  Two - Phase

256 OR 333



OR 333 2 5 7



m41a n 9 3 1 1 1 4

019915 “u 2 a 2 1 1 2

QlMla n 4 6 6 0 1 0

2 5 8 OR 333


