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Linear Programming, LP
21LP

kg

(objective function)
Z=5x +6X,
(constraints)
X, + 3%, £60
3x, +4x, £100
2%, + X, £50
30 x,%0 \

Xr+xz=50




3x, + 4%, =100
2X, + X, =50

X =20,% =10 y
Z =5x +6X,

z=160

2.2

A X2

6=26.66

5X1+6X,=2

v

(smplex method)

Z =5x +6X,
X, + 3%, £60
3x, + 4%, £100
2X, + X, £50
30 x,%0
(slack
Step 0

variable) X;, X,, Xg

z=5x +6x, z-5%x-6X=0

X +[3]+X% =60

3x, +4x, +x, =100
2%, +X,  +X% =50

X1, %5 %5, X %5 2 0

X3 Xgs X5
X, %

X =0, x, =0,
X, = 60, x, =100, %, =50
® z=0

(basic variable)

(non-basic variable) 0



Step 1

Step 2

X, % z

X
X2
1 60/3=20 2 100/4=25 3 50
20 X, <0
X, ® 20 X ® 0
X X3
1 % 1

1 1

=X +X +=X%X=20
X2

5

§x1- i?tx3+x4 =20

gxl - %xs +X%, =30
X2
z- 3x +2x%, =120
(pivot operation)

(cycle)

z=3x - 2%, +120 z- 3x +2x, =120

Y3x, +x,+Y3x, =20

% =0, % =0,
5/3 - 4/3 =20
[5/é - 1§3X3+j:4 =30 X, =20, %, =20, % =30
X % T ® z=120

X1, %, X5 X %5 2 0

z=2/5x%,- 95x, +156 z- 2/5x, +9/5x, =156



Step 3

X, +3/5x, - /5%, =16
X, - 4/5% +3/5x%, =12
X - % +X% =10

X0 %0 X5, X4, % % 0

z=-7/5x%, - 2/5%,+160

X, +2/5x, - 3/5x%, =10

X =0x,=0,
x =12, x, =16, x, =10

® z=156

z+7/5x%, +2/5x%; =160

X, -1/5%, +4/5% =20 % =0.% =0,
] rx =10 X =20,%, =10, %, =10
% X % ® z=160
X%, %3, %, % 2 0
X,y Xg Z
X, =0.% =0 z=160
X, =20, %, =10, x, =10
2.3
x1 X2 x3 x4 x5
y4 -5 -6 0 0 0 0
0 X3 1 (3) 1 0 0 60
x4 3 4 0 1 0 100
X5 2 1 0 0 1 50
z -3 0 2 0 0 120
1 X2 1/3 1 1/3 0 0 20
x4 (5/3) 0 -4/3 1 0 20
X5 5/3 0 -1/3 0 1 30
y4 0 0 -2/5 9/5 0 156
5 X2 0 1 3/5 -1/5 0 16
x1 1 0 -4/5 3/5 0 12
x5 0 0 (1) -1 1 10
y4 0 0 0 715 2/5 160
3 X2 0 1 0 2/5 -3/5 10
x1 1 0 0 -1/5 4/5 20
X3 0 0 1 -1 1 10




2.4

A Xo

2X1+X2=50

X1+3X2=60

X %
Step 0 - Step 1 (Cycle 1)
Xx=0,x=0® x =0,x,=20
Stepl - Step 2 (Cycle 2)
Xx=0x=20® x =12 x, =16
Step 2 - Step 3 (Cycle J)
X =12,x,=16® x, =20, x, =10

2.5

Z=CX +CX +--- +C X,

o - A
A - B
B - C



&% ta,X +-ta X, £b
Ay X T ARX, +oe- 3, X, £:bz

ayX ta,X - ta,x £b,
Xx30,x3%0--,%x,30

b20b,30, b 30

Z- QX - G - eem GX - eem G X =0
QX tapX, te-ta X et a Xt Xy, :bl

arlxl+ar2xz+'”+aTsXs+"'+aran+Xn+r :br

amlxl+amzx2+”'+amsxs+'”+a‘mnxn+xn+m :bm
%2 0,%3%0-,X.,%0

Cn+1 :Cn+2 = :Cn+m :O
c,>0
b /a2 0(a, >0)
a. 1
Xote X

b¢=h /a2 0

b¢=b - ba,/a.,20 ilr
a,>0 be=a.(b/a,- b,/a.)? 0
a =0 bt=h 3 0
a, <0 bt b2 0

Z- oK - CPG - o - 0% - - - cfX, - /A X, = Ch/a,

ch/a. %0

pivot



c.>0 a,£0
Z=X*%
2X, - 3%, £6
-X+X,£8
X, % %0
Step X3 X5 X3 X4

z -1 -1 0 0 0

0 Xs [2] -3 1 0 6
Xy -1 1 0 1 8
z 0 -5/2 12 0 3

1 X, 1 -3/2 1/2 0 3
X4 0 -1/2 12 1 n

z=5/2x,-1/2%x,+3

- 2% +Y2x+x =3

- 1Y2x,+1/2x,+x, =11

X, =t, X =3/2t +3,x, =12t +11,x, =0
z=5/2t+3

2.6

Z=3x +2% X,

10




X, +2X, +2%, =60
X 4% + X =40
X, X, % 2 0

z- 3% - 2%, - X% =0
X, +2X, +2X, + X, =60

X, +4x, + %, + X% =40

X, =60, x, =40

W= X, + X
X, +2X, +2X, + X, =60
X+ 4%, + X+ %, =40

X5 %, Xg5 X5 %5 2 0
X, =% =0
Xy1 X5
W- X, - X =0

X +2X, + 2%, +X%, =60
+) X A+ X+ % =40

W+ 2X, +6X, +3x; =100

- W- 2%, - 6X, - 3%, =-100



- W- 2%, - 6X, - 3%, =-100
z- 3% - 2%, - X% =0

X + 2%, + 2%, + X, =60

X, +4x, + %, + X% =40
X1’X27X37X4' X53 0

Step x1 X2 x3 x4 x5
-W -2 -6 -3 0 0 -100
0 z -3 -2 -1 0 0 0
x4 1 2 2 1 0 60
X5 1 [4] 1 0 1 40
-W -1/2 0 -3/2 0 3/2 -40
1 z -5/2 0 -1/2 0 12 20
x4 12 0 [3/2] 1 -1/2 40
X2 14 1 14 0 14 10
-W 0 0 0 1 1 0
5 z -7/3 0 0 13 13 100/3
X3 13 0 1 2/3 -1/3 80/3
X2 1/6 1 0 -1/6 13 10/3
X, =% =0
Step x1 X2 x3
z -7/3 0 0 100/3
2 X3 1/3 0 1 80/3
X2 1/6 1 0 10/3
z 0 14 0 80
3 X3 0 -2 1 20
x1 1 6 0 20
X =20,%,=20,%x=0 z=80

Z=3% +2%, + %

12




20

-60
40

x5

x4

X3

X2

[1]

40

=20
x1

o o

o N

o

X +2%, + 2%,
XX+ X
X, X0 % 3 0
x4
x5

Step

20
20

Xab

Xab

20

X3
xs4

X3
13

X2
X2

1

_1*

x1
=3
x1

2% +3%, + X%
5x +2x, +3x, £10

X2
x5
X2
x1
X2
X1
xs4
xab
Xab

z
X+ 2%, - 2%,

2%+ %, + X

Step
Step
0




2.7

Z=CX +C X +--- +C X,
S 270X CX e m G,

&% +a,% + - +a,X, =h <0
T X A%y 7 et G X, :'bu >0

x 20
X =X -X,x30x 30

a X ta%+--+a,x 3h30
a,X Xt X - X, =b,

Z=2X +3X, + X
3X, +2x, +5x, £ 20
4X, - 2X,+ %, =5
X X %3 2
X1, %, %5 =0
Step x1 X2 x3 xs4 xs5 xab xar
-wW -5 1 -2 0 1 0 0 -7
z -2 -3 -1 0 0 0 0 0
0 xs4 3 2 5 1 0 0 0 20
xab 4 -2 1 0 0 1 0 5
xal 1 1 1 0 -1 0 1 2

14




-2x +x3-2
X +Xx =4
%20
Step x1 X2+ X2- xs4 xab
-W -1 1 1 0 0 -4
0 z 1 2 2 0 0 0
xs4 2 1 1 1 0 2
xab 1 1 1 0 1 4
2.8
Z=X1X%
2X,+X, £6
X +2x, £8
X, % %0
Step x1 X2 x3 x4
z -1 -1 0 0 0
0 X3 [2] 1 1 0 6
x4 1 2 0 1 8
z 0 -1/2 12 0 3
1 x1 1 12 12 0 3
x4 0 [3/2] -1/2 1 5
z 0 0 13 13 14/3
2 x1 1 0 2/3 -1/3 4/3
X2 0 1 -1/3 2/3 10/3
Z- (L +1%, + 0%, +0%,) =0 = z-(1 1 0 0

15



&0
2X, + X, + X, =6 @& 1 1 0x,+~_ ab)
X, +2%, +X, =8 T k2o 1%5_@86
X, @
@0 o
oGl | Gkt a2 11 09 | _a60
N %~ %1 2 0 1g P
b5 §xa
z-'cx=0
Ax=b
X5 % 1 2
18 -1
B:g 2 Blzlgz g
25 31 25
2o e
1@ 1 1 0O 0 2/3 -1/3
By = 182 -l &Gx,+_ad 99><2
3§1 2£1 2 0 1%& go 1 -1/3 2/38x
s %
g, o l@2 - 1060 at/30
3% 1 2§8g %10/3?Mi
BAx=Bb
5
z-'ex =0 - z-(1 10 o)x2 =0

('DOO»O»O

X

16
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&0
ad 0 2/3 -1U3gx+ @436
0 1 -13 2/332@‘%10/3;

X @

B'Ax=B'b -

30

0
¢X +

x5

‘c,Bh =(1/3 us)ggz 14/3

'‘c,B'Ax=(1 1 1/3 1/3)

o
5
92
t t -1 _ tt -1 _ X+
z-'ox+'cB'Ax =z~ (‘c-'¢,B A =(0 0 1/3 1/3)(;)(3+
x5
z-(‘c-'cgB *A)X='c,B'b
Step B,CB
z-(‘c-'cgB *A)X='c,B'b
B'Ax=B'b
x30
XB XN C CB

17



Xz =B, x,=0

z='c,Bb

z =5x, +6X,
X +3X, £60
3x, + 4%, £100
2X, + X, £50

¥, % 2 0

z¢=60y, +100y, +50y,
Yy, +3y, +2y;3 5
3y, +4y, +y,% 6

Vi Yo, Y52 0

z="cx z&' by
AXEDb, x30 ‘Ay3c, y30
Z=2% +X, z0=4y, +5y,
2X, +3x, £4 2y, +y,32
X, + 4%, =5 - 3y, +4y,3 1
x2*0,%x3%0 .30
Z=2% +X, z0=4y, +5y,
2X, +3x, £4 2y, +y,3 2
X, +4% £5 - 3y, +4y, =1
%30 $.*0,¥,30

18



1)

z2=2X +X,
2X, +3x, £4
X, +4x,3 5
x30,x,30
- X-4%E£-5

Z=3X +2X, + X,
X 2%+ X, =4
2%+ %, - X, £3
X, %30

zC=4y, + 3y,
Y t2y,°%3
2y, +y,3 2
Yi- Y2 =1
y,* 0

—t t
z='c X, + ¢, X,

ApX T AL, £ b1
AuX A RX, = bz

X, ®0

z="cx
AXEb, x30

z¢=4y, - by,

2y1 - Y, 32
3y1' 4y2 *1
%.20y,°0

z&'by, +'b,y,

tAllyiL-'-t'A‘ZlyZ 3 Cl
tA12y1+tA22y2 = C2

y,®0

z¢&'by
‘Ay3 cy30

19



2)

3)

)

z="cx£'yAX£'yb="by = z¢ -
X y

z="cx -

Ax=Db, x30
z="cxE'yAx='yb='by = z¢ -
X y

z="c X, +' C,X,
£(t ylA 1l+ty 2A 21)Xl +(rylA12 +t y2A22)X2
:tyl(Allxl + A12X2)+ty2(A 21X1+tA22X2)
£'y,b,+'y,b,='b,y,+'by, = z¢

z="cx -
Ax=b, x30

z-(‘c-'cgB *A)X='c,B'b
B'Ax=B'b
X =x*

Xg* =B 'Ax=B"'b

20

zf£ ¢

z¢&'by
‘Ay3 ¢

zf£ ¢

z¢&'by
‘Ay 3 ¢

(1)
)



z='c,B'b

) X
‘c¢'c,B'AED ‘A'B'c 3 c
y:tB-lCB (3)

‘Ay="A'B'c 3 ¢
y
z='c,B'b="yb="by = z¢
=2
X Yy z£ ¢ z=2z(¢
z¢ y='B'c,
5.
2.10
1.
z="cx
Xx30 - X3 0, XS 30 ( )
z¢'by
t/A\y3 c tAy_yS:C 2
y30 y®0,y.20

21
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X, X, ¥s Y = ‘'yx.='xy,=0

(1) 'YAXx+'yx ='yb = z¢
2) 'X'Ay - ' xy ='xc=z

—t t
z¢ z="yx Xy,

fyx,='xy, =0

(3) z=2(

‘X('Ay -y, - ¢)="x'Ay-'xy. - 'xC

= 7¢ 'yx - 'Xy - Z
=(2¢ 2)- (yx +'xy,)
‘yx +'xy, =0
z="cx
AX =D
x30
z¢'by
‘Ay 3 c - ‘Ay-y.=c y.30
'yAx='yb = z¢ - @
‘x'Ay- 'xy ='xc =z - 2

22

3)

(1)

(2)

2>z



2.11
reduced cost
‘c*='c-'c,B*A

dual prices
y*='B'c,
z='y*b

23

¢ =c-'A'B'c,



(7 ©) 2 (10)
Xu X1 X1z X1a 18
9) 3 (6) (8
Xa X2 Xn Xo4 22
©) () ) (6)
Xa1 X Xz Xx 26
12 20 16 18 66
0
%
i j c,
i a j b
3 g
Z=a a GX;
i=1 j=1
3 3
ax;=a ax=hb x,3 0
j=1 i=1
2.
(north-west corner method)
(7 3 (2 (10)
12 6 18
€) (©) (6) (8)
14 8 22
©) (™) ) (6)

24



8 18 26
12 20 16 18 66
Bl B2 B3 total

Al 5 5

A2 1 10 4 15

total 6 10 4 20
Bl B2 B3 B4 total
Al 14 14
A2 2 22 2 26
A3 14 12 26
total 16 22 16 12 66

(Houthakker method)

(unit penalty method)

() (©) 2 (10)

12 6 6 18
€) (©) (6) (8)
14 8 22
©) () ) (6)
8 18 26
12 20 16 18 66
=120+18+42+48+64+108=400
X, 1
(1,4 -(1,2)-(2,2) »(2,3) - (3.3) - (3,4) - (1,4)
10 -3 +3 -6 +8 -6 =6
6 6

25



Step 0

(7) ©) (2) (10)
12 6| [-4] 6 18

9 (3) (6) (8)

2 14 8|4 22

(8) (7) (8) (6)

-1 2 8 18| 26
12 20 16 18| 66

(1,3) 2-3+3-6=[-4]

(2,1) 9-3+3-7=2
(3,1) 8-8+6-3+3-7=-1

(1,4) 10-3+3-6+8-6=6
(2,4) 8-6+8-6=4
(3,2) 7-8+6-3=2

=84+18+42+48+64+108=364

-4 (1,3) (32
(1.2 6 0
(1,3) 6
Step 1
(7) ©) (2) (10)
12| 4 6| 10 18
9 (3) (6) (8)
) 20 2|4 22
(8) (7) (8) (6)
[-9] 2 8 18| 26
12 20 16 18| 66

(1,2) 3-3+6-2=4

(2,1) 9-6+2-7=-2
(3,1) 8-8+2-7=[-5]

(3.1 8

Step 2

=84+12+60+12+64+108 (=364-24) =340
(1,4) 10-2+8-6=10
(2,4) 8-6+8-6=4
(3,2) 7-8+6-3=2

(7)

3)
4

)

14

(10)

18

9)

3

(6)

(8)

26



[-2] 20 2[-1 22
©) (7) (8) (6)
8|7 5 18 26
12 20 16 18 66
=28+28+60+12+64+108 (=340-40) =300
1,2) 3-3+6-2=4 (1,4) 10-7+8-6=5
(2,1) 9-6+2-7=[-2] (2,4) 8-6+2-7+8-6=-1
(3,2) 7-3+6-2+7-8=7 (3,3) 8-2+7-8=5
21 2
Step 3
() (3) @) (10)
22 16| 5 18
) ©) (6) (8)
2 20| 2 1 22
©) () (8) (6)
8|5 5 18 26
12 20 16 18 66
=14+32+18+60+64+108 (=300-4) =296
(1,2) 3-7+9-3=2 (1,4) 10-7+8-6=5
(2,3) 6-2+7-9=2 (2,4) 8-9+8-6=1
(3,2) 7-3+9-8=5 (3,3) 8-2+7-8=5
4.
u,v

27



step O

u

(7) (3) (2 (10)

12 6| 2-0-6 10-0-4 18 0

=4 =6

9 (3) (6) (8)
9-0-7 14 8| 8-0-4 22 0
=2 =4
(8) (7) (8) (6)
8-2-7 7-2-3 8 18 26 2
=1 =

12 20 16 18 66

\V; 7 3 6 4
=84+18+42+48+64+108=364
Ui,V Gi
G =U *V;
D u,v

D;=¢;-u-v

D14 =Cy- CptCy- Cyy+Cy- Gy,
=Cy- (U1+V2)+(U2+V2)- (U2+V3)+(U3+V3)- (u3+v4)
=Cy-U -V,

Step 1
u
(7) ) (2 (10)
12 | 3-0-(-1) 6| 10-0-0 18 0
= =10
9) ) (6) (8)
9-4-7= 20 2| 8-4-0 22 4
_2 =
(8) (7) (8) (6)
8-6-7 | 7-6-(-1) 8 18| 26 6
:[-5] =
12 20 16 18 66
\Y 7 -1 2 0

=84+12+60+12+64+108 (=364-24) =340

28



u

(7) ©) (2) (10)

4| 3-0-(-1) 14| 10-0-5 18 0
9) 3 (6) (8
9-4-7 20 2| 845 22 4
=[-2] =1
(8) (7) (8) (6)

8| 7-1-(-1) | 8-1-2 18 26 1

=7 =5
12 20 16 18 66
7 -1 2 5

=28+28+60+12+64+108 (=340-40) =300

u
(7) ©) 2) (10)
2| 301 16 | 10-0-5 18 0
= =5
9) ©) (6) (8)
2 20| 6-2-2 1 22 2
(8) (7) (8) (6)
8| 7-1-1 8-1-2 18 26 1
12 - 20 - 16 18 66
7 1 2 5

=14+32+18+60+64+108 (=300-4) =296

N
I

I Qos
o
B

ax=a ax=b %30

1l
=
1l

iy

29




z6=3 au + g bv

i=1 =
u +v, £¢;
m n
o )
z-20=z- g au;- g by,
i=1 j=1

n

=z-aa (XU = %V,

LN
[y

=8 4% -u-v)

x>0 Ci-u-v=0 WY
z- 2¢=0
U 'Vi
x; =0 Cj- U -v; <0
u 'Vi
i j
Gi-U-v®0
2x 2
Bl B2 total potential
A, Cia Ci2 ay Uy
Xll X12
A2 Czl 022 a.l ul
Xo1 %22
total b, b,
potential vy Vy

Z=CpXyy HCpXpp T8y X +CpX%

X11+X12:al )(11+X21:b1 3
X, %o 0
X, X, =a X, T X, :b2 X1 X125 X511 Xpp

z0=au, +a,u, +by, +b,v,

30



u1+vl£cll u2 +V1£C21
u,+v, £c, u, +v, £c,,

z- 20= z- (a1u1 tau, +b1V1 +b2V2)
= Z- (X HX)U + (X +X,)U,
- (Xll + X21)V1 - (X12 + Xzz)Vz
= Xll(cll - U - Vl) + X12(C12 - U - Vz)
+ X21(C21 - U - Vl) + X22(sz - Uy - Vz)

3.2
€4
€3 /G)
€3
N ®,
/
(Vete)  V v={12-,5}
(edg9  E E={e, &4 €5 €4 &, 84, )
G G=(V,E)
(directed graph)
(undirected graph)
N N=(V,E,d,w)
d:V® R
Ww:E® R

(P19 1Y (PYL) DRSSP (P11 I "

31



3.3

3.4 (Assignment Problem)

z :(C11X11+“'+Clnxln) +"'+(Cnlxn1+”'+cnnxnn)

C=(c)
A 3 45 2
G522 6:
C=¢1 2 5 8 57
823462;
2 5 1 3 45

5!

32



- 3

-1 0
-4

-2
-1
-6

e 4

-4 0+

3
.7

-3 0

C(l)

- 37
- 4+

8-4 -3 -2 0

-2 -1y

-4

&3 0

0 -306

-2 0

go -1 -3
C. 4

-4 0=

-6 -2 O
-3

c®

- 37
- 4+

-1 0

-3

-1

_15

-2

0

-9}

=max{c, |[i =12,

'15} qj

max{c; | ] =12

b=

5
o]

<)
o

zZ=a

a(.j' pi'ql'))ﬁj

1 i=1

YES
NO

O
AN N M
1 ﬁ 1 1 !
\p)
J \ J J |
S Ol o %
@)
1 1 1 1
— ¢+ O N O
1 1 1 1
oo P oop
Boloorororqo
Il
e
@)
O o o
(2] o M <
1 1 1 1
~ ¥ ~ ~ N
o—F—o—o—
dh o+ ¢
-
1 1 1 1
N 1 O M o
1 1 1 1
T o ¥ T oo
Bor o 0ror O
1
S
O

1,34
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z=4+6+8+2+5=25

_56

-5 -1:

-8 -4 -5
-3 0 -9 0=+
-5 0 -54

20 -1 [0 0 -25
go 1 -4 -5 [0]-
C=¢3 -5 -2 [0 -2 0
&q -2 -1 0 -3
S0 [0] -4 -3 -1
® 0 10 05
é) 000 1:
x:mng 001 0]
1 000 O0:
% 1 0 0 Oy
C=(c)
® 6 10 2 35
@ 010 5 7%
c=%86 0 4 17
83 4 9 0 7+
6 5 2 7 0y
210 -4 0 -8 -78 2 10
¢-1 -10 0 -5 -3: ¢-1
c®=¢0 -2 -8 -4 -7 c?=¢%0
¢-6 -5 0 -9 -2- ¢-6
€-1 -2 -5 0 -74 §-1
@9 -1 p -7 -bo
0 -7 D -4 -pI
CO=50—0 =9 =4 =P
8-5 -2 0 -8 Q=
0160 Py
12,4 -1 3, -1



o -7 0
C=¢0 [0 -9
8-5-2 0
&1 0 -6
® 01
gloo
x:(xj):801 0
c0 00

0 0 0

O O O O

_50
_:]_+

0]+
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4.1 (integer programming problem)
(combinatoria optimization problem)

z="cx

AXED,
A,x=h,
AX3 b,
x30 x

4.2 (knapsack problem)
220X+ CX, +o G,

ax +a,%++ax £b
X, %, %1 {0, 1

z=11x +7X, +13X, + 5X,
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3X, +2X, +4x%, +3X,£8
X %0 Xa0 X, 1 {0, 3
o a c/a

Z=11x +7X, +13x; + 5%,
3X, +2X, +4x%, +3X,£8
O£ X,X,, %, X, £1

><1=x2=lx3=8'j'2=%x4=0 X =% =1
Z=11+7+13’3=27§ - zmax:27§
4 4
Zmax
Zmin
X =% =Lx=%,=0
z=11+7=18 -~ Z,,=-18
=1 x =1
- X =1 -
=1 -
% =0
z=5x,+18 3x,£3 O0£x,£1
x,=1 z=23>z,, - Z,, =23
X, =0
Z=13x,+5%, +11 4x,+3X,£5 O0£Xx, X £1

1 5 2
=1x,== Z=13+-+11=25=
%=k 3 3

X =1x,=0 z=13+11=24>27, - 1z, =24

min
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I
[EEN

-

1 -
O d

Xy

X,

% =0
z=5x,+11 3x,£5 O0E£x,£1
X, =1 z=16<z,,

x=0
Z=7%X, +13x,+5%, 2X,+4x,+3X,£8 O0£Xx,, %, X, £1

X =%=1X, =:—23 z:7+13+1—§=23%<zmin

X =%=Lx+x,=0 z_ =24

max

4.3
1
1 10
1 7
4 6 8
10 7 8
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D.P.: Dynamic Programming

51
2 3 X
w00 ) 0 1 2
0 5 7
0 4 8
0 5 8
Z=1,(%) +1,(%) +15(%) +1,(X,)
X +X+X+X,=3 x30
f.(d) d n
n=1
f,(0)=r(0)=0
f,Q=r@®=5
f,2=r(2)=7
n=2

f,(0) = f,(0)+r,(0)=0

f,(1) = max{ f,(1) +r,(0), f,(0) +r, (D}
=max{5+0,0+4} =5

f,(2) = max{ f,(2) +1,(0), f,(1) +r,(2), £.(0) +r,(2)}
=max{ 7+0,5+4,0+8 =9

n=3

f3(2) =maq ,(2) +r;(0), f,(D) +r;), f,(0) +r,(2)}

=max{9+0,5+5,0+8 =10

f,(2) =10, x, =1
f,(2- D ="f,1) =5 % =0
f(- 0)=f,)=1x =1
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n d (n,d)

(1,d)
f,(d) =r(x)=n(d)
(n,d)
)= max  [600)+ 1, (%) +1,06)]
= max[f,,(d- %)+ 1 (x,)]
d- x, n
7 X1 %51 X3, Xy
X EX,EX, EX,
Z=X XXX,
N EX XX =T
fold) %o, X+, =d
1£x £4
n=1
f,=1
f(2)=2
f,(3 =3
f.(4)=4
n=2

£,(2) =14, =1

43

fo(d)



f,(3) = max{ 1xf,(2), 2xf, (1)}
=max{ 2,2} =2

f,(4) = max{1xf,(3), 2xf,(2), 3xf, (D}
=max{3 4,3 =4

f,(5) = max{ 1xf, (4), 2xf, (3), 3xf,(2), 4xf,(1)}
= max{ 4, 6,6, 4} =6

£, =1xf,(2) =1

f3(4) = max{1xf,(3), 2xf,(2)}
=max{2, 2 =2

f5(5) = max{ 1xf, (4), 2xf,(3), 3xf,(2)}
=max{ 4,4,3 = 4

f3(6) = max{1xf,(5), 2xf,(4), 3xf,(3), 4xf,(2)}
= max{ 6,8, 6,4} =8

f,(7) = max{1xf,(6), 2xf,(5), 3xf,(4), 4 xf,(3)}
=max{8,8,6,4 =8

X, =% =X%X,=2,%=1 z=f,(7)=8

f,=0
f,=f,+3=3
f,=mn{ f,+5 f, +3 =min{ 5,4} =4
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f,=min{ f,+2 f,+4 =mn{5,8 =5
fo=mn{ f, +3 f,+1 f,+1 =min{6,5,6} =5
f, =min{ f, +5, f,+3} =min{ 10,8 =8
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Z=x+%,

2X,+X, £6
X +2x, £8
X, % %0
Step O Step 1
Z- X - % =0 z-1/2x, +1/2x, =3
[2x]+X%, +X, =6 X +12x, +12%, =3
X +2x,+x, =8 [3/2x,]- 2%, +x,=5
Step 2
z+1/3x,+1/3x, =14/3
X *+2/3x% - 1/3x, =4/3 X =4/3, x, =10/3
X, - 1/3%, +2/3%, =10/3
Step x1 X2 x3 x4
z -1 -1 0 0 0
0 X3 [2] 1 1 0 6
x4 1 2 0 1 8
z 0 -2 12 0 3
1 x1 1 1/2 12 0 3
x4 0 [3/2] -1/2 1 5
z 0 0 13 13 14/3
2 x1 1 0 2/3 -1/3 4/3
x2 0 1 -1/3 2/3 10/3
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Z=2X +3X, z- 2% -3% =0
3X, + X, £60 3X, + X, + X; =60
X +2x, £40 X +2X, + X, =40
X, %20 X5 Xp0 %5, %, 2 0
Step x1 X2 x3 x4
z -2 -3 0 0 0
0 X3 3 1 1 0 60
x4 1 [2] 0 1 40
z -1/2 0 0 3/2 60
1 x3 [5/2] 0 1 -1/2 40
X2 12 1 0 12 20
z 0 0 15 7/5 68
2 x1 1 0 2/5 -1/5 16
X2 0 1 -15 3/5 12

a7




z=2x +4x, z- 2% - 4%, =0
X +3X, £60 X +3X, + X, =60
3x, + 5%, £100 3x, +5%, + x, =100
2X, + X, £40 2%, + X, + %X =40
X, %, % 0 X0 Xor Xgy Xy, X5 3 0
Step x1 X2 x3 x4 x5
z -2 -4 0 0 0 0
0 X3 1 [3] 1 0 0 60
x4 3 5 0 1 0 100
x5 2 1 0 0 1 40
z -2/3 0 4/3 0 0 80
1 X2 13 1 13 0 0 20
x4 [4/3] 0 -5/3 1 0 0
X5 5/3 0 -1/3 0 1 20
z 0 0 12 12 0 80
5 X2 0 1 3/4 -14 0 20
x1 1 0 -5/4 3/4 0 0
x5 0 0 714 -5/4 1 20
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My, M, PP PR
300kg 200kg
5 8 3
P, P, P,
M, (kg) 5 7 1
M, (kq) 4 3 4
Z=5x, +8x, +3x, Z- 5%, - 8X,- 3%, =0
SX, +7X, + X, £300 SX +7X, + X, + %, =300
4x, +3x, +4x, £ 200 4x, +3X, + 4%, + X, = 200
X X % 2 0 X %) X5 X4 3 0
x1 X2 x3 x4 x5
z -5 -8 -3 0 0 0
x4 5 [7] 1 1 0 300
x5 4 3 4 0 1 200
z 5/7 0 -13/7 8/7 0 2400/7
X2 5/7 1 7 17 0 300/7
x5 13/7 0 [25/7] -3/7 1 500/7
z 42/25 0 0 23/25 13/25 380
X2 16/25 1 0 4/25 -1/25 40
x3 13/25 0 1 -3/25 7/25 20
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2X, +3X,

Z=

5

¥, % 2 0

X +X,

O o wloQw
Qo o d|d QL w
KT @ Ao T RN7 Ho —
FlFNTHood |R|oo|— -
snglznyg | [vgny
g © — g — | N
7 &

z=15

=5

0, %,

Xl:
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Z=5x +6X, +3X,

X, +3X, + 2%, =60
3x, +4x, +3%x, =100

X1 X5 % 2 0
Step x1 X2 x3 x4 x5
-w -4 -7 -5 0 0 -160
0 z -5 -6 -3 0 0 0
al 1 [3] 2 1 0 60
a2 3 4 3 0 1 100
-w -5/3 0 -1/3 713 0 -20
1 z -3 0 1 2 0 120
X2 13 1 2/3 13 0 20
a2 [5/3] 0 1/3 -4/3 1 20
-w 0 0 0 1 1 0
5 z 0 0 8/5 -2/5 9/5 156
x2 0 1 3/5 3/5 -1/5 16
x1 1 0 1/5 -4/5 3/5 12
Step x1 X2 x3
z 0 0 8/5 156
2 x2 0 1 3/5 16
x1 1 0 1/5 12
X =12,x,=16,%, =0 z=156
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Bl B2 B3 total
8 5 4
Al 5 5
6 4 5
A2 1 10 4 15
total 6 10 4 20
Step O
Bl B2 B3 total
8 5 4 5
Al 5(-1 [-3]
6 4 5 15
A2 1 10 4
total 6 10 4 20

cost 40+6+40+20=106
(1,2) 5-8+6-4=-1 (1,3) 4-8+6-5=[-3]

(13 4
Step 1
B1 B2 B3 total
8 5 4
Al 1]-1 4 5
6 4 5
A2 5 10| 3 15
total 6 10 4 20
cost 8+16+30+40 (=106-12) =94
(1,2) 5-8+6-4=-1 (2,3) 5-4+8-6=3
(12 1
Step 2
Bl B2 B3 total
8 5 4
Al 1 1 4 5
6 4 5
A2 6 9 2 15
total 6 10 4 20

cost 5+16+36+36 (=94-1) =93
(11) 8-6+4-5=1  (2,3) 5-4+5-4=2
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