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X1 =
Xo =

X1 X2
1960«; + 124y

1960k; + 1240,.

X1
X2 4x1 + 5Xo 6x1 + 2X»
4x; + 5%z 70
6X; + 2X» 72.

X1 0O,xo 0.
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maximaliseer z= 1960« + 124y

onder de voorwaarden 4x;+ 5x, 70
6x1+ 2Xp 72
X1 0O,xo 0.

X1 X2
(X11X2)
Ax1+ 5xp = 706X+ 2Xp = 72
X1 Xo C=(10,96
6Xy + 2xp = 72 3x1+ X2 = 36
Xo = 36 3x1 Xo  4X1+ 5xp = 70 36 3xq

X1

Axq + 5Xp = 4xq + 5(36 3x7) = 4x, + 180 15x; = 180 11x; = 70
I 1lx; =110 ! x,=10

X, = 10 Xo= 36 3xy X,=36 3 10= 6
(x1,%2) = (10,9

X2

4x1+ 5o = 70

X1

(b) (d).

L 4
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max.
o.d.v.

D =(12,0

z= 196, + 124,
4x,+ Bxo 70
6x1+ 2Xp 72
X3 0O,x2 0.

X2

A=(0,0

maximaliseer

L 4

A= (00 B=(014 C= (10,6

X1+ 2Xp = T2

X = (5,10

4x, + 5%y = 70

D=(12,0

max.
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X1

onder de voorwaarden

o.d.v.



2(5,10 = 1960 5+ 1240 10= 22200
1960k, + 1240, = 22200

(x1,%2)
X 22200

X2

X = (5,10
o\ Bxy+ 2xp = T2

4x1+ 5%, = 70

X1
c 1960k, + 1240, =
_ 1960
c. X2 = 1730X1  T240
1960/1240
C = (10,6 c=

1960 10+ 1240 6
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max .
o.d.v.

(0,14 (10,9

2(0,0)

z(0,14
z(10, 6
z(12,0

z= 196, + 124,
4xy+ 5xo 70
6Xy + 2Xp 72
X7 0,x2 0.

A=(0,0 D=(120
(12,0
= 0,
= 17360,
= 27040,
= 23520.
(10,9
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4x1 + 5% = 70

(0,0



max. z= 5x;+ 5X»

odv. 2x3+ xp 10
X1+ 2Xo 8
X7 0x2 O

max. z= 20xq+ 40x,

odv. 2x3+ xp 10
X1+ X2 7
X1+ 2xp 12
X7 0Ox2 O

min.  w= 70y; + 72y,
od.v. 4y, + 6y, 1960
5y; + 2y, 1240

yir Oy 0.
4y, + 6y, 1960 Sy;+ 2y, 1240 Y1
minimaliseer min.

.4‘\.
TiLBURG 0%%’ & UNIVERSITY
l'\‘f'l

Y2



(0,620 (160,220

w(0, 620 = 44640,
w(160,220 = 27040,
w(490,0 = 34300.
w(160, 220 = 27040
min. W= X1+ X2
odv. 4x;+ 5x, 10
X1+ 2Xo 8
X3 0Ox2 O
min. w= 2x;+ Xz

o.d.v.

4x1+ 2xo 6
6x1+ X2 6
X1 0O,x2 O
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(160, 220



max. z= ¢X; +CXo + + CnXn

odv. a;1X1 +ta X + + a4nXn
21X1 tagXy o+ + @nXn

S &

dm1X1 +ampXxo + + 8mnXn bm
x1 0, X2 O, Xn O.

min. w=by; +by, + + bmYm

o.dv. ag1y1 +apy, + + am1yYm C
a0y1 Tapy, + T 8m2Ym C2
ainy1 +tany2, + + a8nnym Cn
y1 0, vy 0O, ym O.

max. z= 196(; + 124>,
odv. 4xy;+5x, 70
6x1+ 2Xp 72
X1 0,%2 0.

min.  w= 70y, + 72y,
od.v. 4y;+ 6y, 1960
5y;1+ 2y, 1240

y1 0Oy, O.
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max .
o.d.v.

min.
o.d.v.

2= 1960, + 1240k,
4xy+ 5xo 70
6x1+ 2Xp 72
X1 0O,xp 0.

2(10,6 = 27040

w=T70y1+ 72,
4y, + 6y, 1960
Sy, + 2y, 1240

ypr 0y2 0.
w(160, 220 = 27040

<

max. z= 3X;+ 2X»

odv. 4x;+ 2xo 10
X1+ 5x2 10
X1 0Ox2 O
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max. z= 2Xp+ Xo+ 2X3
0.dVv. 4x;+ X+ X3 10
X1+ Xo+ 4x3 5
x1 0,x2 0O,x3 O.

min. w= 10y; + 5y,
odv. 4dy;+yy 2

yitys, 1
y1+ 4y, 2
y1 0y2 O
Y2
D=(0,2

A=(20 YN

A=(20 B=(%3) c=(19
w(2,0= 40 w(Z,1)= 8! wl2)=62 w(02= 20 2
63

max. z=2X;+ X2+ X3
0.dVv. 2X1+ 2o+ X3 1
X1+ X2+ X3 2
X1 01X2 0,X3 0.
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max. z= 196(; + 124X, min. w= 70y;+ 72y,

odv. 4x;+5x, 70 od.v. 4y;+ 6y, 1960
6x, + 2xp 72 51+ 2y, 1240
X1, X2 0 Y1.Y2 0.

max. z= 196(; + 1240, min.  w= 7ly;+ 72,

odv. 4x;+5x, 71 odv. 4y;+ 6y, 1960
6x1+ 2xp 72 53+ 2y, 1240
X1,X2 0 yu.y2 0.

(ylvyZ) = ( 160, 220

w = 71 160+ 72 220 = 27200
70 160+ 72 220= 27040 160

160
160
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2X1+ X, 17

s= 17 2x;1 3X»

X1 X2 (X11 X2) = ( 4, 1)
s=17 8 3=6
(X1,%2,9) =(4,1,9 2X1+ 3x,+ s= 17
X1 X2 S 2X1+ 33X+ s= 17 X1 X2
2X1+ 3%, 17 2xX1+ 3%, 17
2X1+ X, + s= 17 S
s 0

X1 X9 7

e= 3y Xo 7

X1 X2 (x1,x2) = (4,1)
e=12 1 7=4
(X1,X%2,6) =(4,1,9 33X, X e=7
X1 X2 e 31 X2 e=7
X1 Xz 31 X2 7 31 X2 7
33Xy X e=7 e
e O
X7
X7 X7 =
X2 X0  x 4 0 x9=4x%=0
5 1 x9=5x%=1 513 509 x9= 513 x9% 509 X7= 4

0 4x9=0x%=4 1 5 x%9=1x%=5 509 513 x?= 509
x90%= 513

L 4
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max. z= 4x; + 5Xp X3

o.d.v. Xy + X2 7
2Xq Xo + X3 10
X1 + 2% 3x3 8
X1, X2 0.
X3
00 %
X3
max. z = 4x; + 5Xp x3 + x3°
o.d.v. Xp + X +
2x1 xo + x9 x90 +
Xy + 2% 3y + 3x3°
x1,%2, %3, %301, 5, €3
max. z = 2x + 3y
o.d.v. X + 2 6
X + y 4
X,y 0
max. z = 4x + y
o.d.v. 8x + 2 16
2x  + y 6
X,y 0
max. z = 2x + 3y
o.d.v. X + y 5
2X y 10
X,y 0
max. z = Cle + C2X2 + + Can
o.d.v. a;1X1 + oXo + + YnXn =
&p1X1 +  agXy + T anXn =
8miXy +  amaX2 + +  8mnXn =
X11X21"'1Xn
m n
X1y -+ 4 Xn
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n m
m m
n m
m
z = 196(; + 124X

4x; + 5, + s = 70

6x; + 2Xo + 5 = 72

X1,X2,81, S 0.

X1
m= 2 n=4
n m=4 2=2 Xy X2=0
X1=X2=0
s =70 S =72
(Sfl.!SZ) = (701 73 (lexzvsﬂ.st) =
(0,0,70,72
(x1,%2) = (0,0 A
X1=5=0
5x, = 70 X+ s = 72
Xo=14 s =44

(x1,%2) = (0,14 B
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X1:SQ:O

5%y, + 51 = 70 2Xp = T2.
X2=36 s= 110
<0
Xo=$=0
4x1 = 70 6x1+ 5= 72
Xy =175 s = 33
<0
Xo=5=0
4x1+ 59 =70 X1 = 72
X1 = 12 S = 22
(leXZ) = ( 12! @ D
$1=5=0
4x1 + 5%, = 70 6x1+ 2Xp = 72
X1 = 10 Xo = 6
(x1,%2) = (10,6 c
(X1, %2, 81, S2)
S$1, S X1, X2 A
X2, S X1, S B
X2,$1 X1, Sp
X1,S2 X2,81
X1, X2, S D
X1, X2 S1, 2 C
B
X2 S X2 S1 X2
S,
B Sz X1 X1
$=%=0
B B D
*
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max. z= 3x; + 2Xp +  4X3

o.d.v. X1 +  2x3 50
3x; + 10xp, + 6X3 300
2Xq + X3 40
X1, X2, X3 0.

X3
(0,0,29

(0,|15,25

1 \
r \ \
B (101529

B
B

(10,0,29
\
\

TN O I LT T LRI T I LI T D))

\
B
P p[(:))é)pp[ﬁépppppppmhnﬂ(%mpppppppppppppppppppppppp

X1
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z = 3x; + 2Xo +  4x3
X1 + 2X3 + 5 = 50
3x; + 10xp + 6Xx3 + 5 = 300
2X1 + X3 + 3 = 40
X1,X2,X3,51,%2,S3 0.
Zz= 3X1+ 2Xp + 4X3
z 3X1 2Xp 4x3= 0.
z 3X1 2Xo 4x3 0
X1 + 2X3 + 5 50
3x; + 10xp, + 6x3 + S 300
2X1 + X3 + 53 40
SIS =
z
S1 & 03
X2 X3 X1 = Xp=X%X3=0
S S3 =50 =300 s3=40
(X1, X2,X3,51, %2, S3) = (0,0,0, 50,300, 40
X1 X2 X3
(0,00
Z= 3Xq1+ 2Xp + 4x3,
z 3x1 2Xo 4x3 z=0
X1 + 2X3 + 5 S = 50
3x;7 + 10xp, + 6x3 +s s, = 300
2Xq + X3 + S3 s3 = 40
Z= 3Xq1+ 2Xp + 4x3.
L 4
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X3

X1+ 2X3+ 51 = 50.

X3

X3 5 2= 25

3x1+ 10xp + 6x3+ s = 300.

S
S
X3 300 6 = 50
2X3 + X3+ s3 = 40.
49 1= 40
X3
30
S1
S1 X3
S3
S1
X3
X3

1 Xxg+ 23+ =50 !

X1 X2
X1
X2
X3
X3
X3
X1 X3
$1
S1
X3
Sl
S
S3
S3 X3
S3
X3 = 40
X1
S S3
$1
X3
X3
1
2

:—2LX]_+ X3+ %S]_: 25.

L 4

| OGN |
TILBURG » %% & UNIVERSITY
LI

*

X3

s; = 50

X3
X3
X3 = 40
S3
X3
S
X3



4 0
X3
z 3x1 2X2 X3
+4 2Xq t4X3 +2s
| z X1 2Xo + 25
3x; + 10xp, + 6x3 + S
6 3X1 6X3 35 150
| 10x, 3 +
X3
2Xq + X3 + s3
%1 X3 3% 25
| 3 s +ss
z X1 2X2 + 251 z = 100
3X1 + X3 + 39 X3 = 25
10x, 35 + s, = 150
%Xl :—2L51 + S3 S3 = 15
(X11 X2,X3,81, S, 53) =
(0,0,25,0,150, 1 X3 & S X1 X2 81
(0,0,25
z= 100+ X1+ 2xp 251
(0,0,0 (0,0,29

z= 100+ X1+ 2xo 2s.

X1 X2

X2 2>1
X3 82 3 X2

%Xl‘i' X3+ %Sl = 25,
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X3 X2

X2 X2
10x, 3s1+ s = 150,
S X2 S
X2 15¢ 10= 15
3x1 381+ s3= 15,
S3 X2
X2
X2 S
S3 X3 X2 X3 S3
X181
X2
Y10
1—10 10x; 351+ s = 150 ! X2 1gS1t %052: 15
X2
z X1 2Xo + 251
+2 2Xo %S]_ + %SQ
| z X1 + Is + i
7 1 _
z X1 + 581t ES z = 130
:_2LX1 t X3 f :_2L51 X3 = 25
X2 1—3051 + %)SQ X = 15
o Is + 5 =15
(X1, X2,X%3,51,%,%3) = (0,15,25,0,0, 1p
X2 X3 $3 X1 S1 S
(0,15,25

2= 130+ x; is1 iy,

(0,0,29
(0,15, 25

Ul

S S.

g~

z= 130+ x4

L 4
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X1

L 4

X1
S X1
X1
X1
X1+ Xg+ 151=25  x3 2 =50
Xo st =15 X X1
I o ists=15 s 15 =10
X1 X1
S3
X1
X1
23
X1 351+ s3= 10.
X2
z+ 185+ L)+ 255
1
2
X3+ 58 3s3= 20.
z + s + ils, + ig z =140
X3 + 35 is3 X3 = 20
X2 Zs + s X = 15
X1 %Sl + %Sg X1 = 10
(X1, X2, X3, 81, %2, 83) = ( 10, 15, 20,0,0,p
X1 X2 X3 SIS $3
(10, 15, 20
_ 16 1 2
z= 140 1—55]_ ESQ 353,
(0,15,25 (10, 15,20
_ 16 1 2
z= 140 1—531 £  5S3
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max. z= X1 Xo + X3

o.d.v. 33Xy + 2% +  2x3 120
X1 2Xo +  4Xx3 20
X1 +  2Xp 2X3 40
X1, X2, X3 0.

max. z= 196+ 124> min. w= 70y; + 72y,

odv. 4xq4+5x, 70 od.v. 4y;+ 6y, 1960
6x1+ 2xp 72 51+ 2y, 1240
X1, X2 0 Y1.Y2 0.

z X1 X2 S
1 1960 1240 0 0] 0[z=0
0 4 5 1 0[70|s=70[175
0 6 2 0 1|72|=72]12
Z % X, 81 %
1 o 180 o 980 23520|z = 23520

11 2 —
o o ¥ 1 2 2|s,=22 |6
0 1 i 0 % 12 | xg = 12 36
Z X3 X2 S1 S
1 0 0 160 220[ 27040 z = 27040
o o 1 & 2 6|x2=6

1 5 —
0 1 L 3 10 | x; = 10
*
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(x1,%x2) = (10,6 z = 27040

ST 2
y1 = 160
y2 = 220 (y1,y2) = (160,229
w= 70 160+ 72 220= 27040
(y1,y2) = (160,229

max. z= 3x; + 2Xp +  4X3
o.d.v. X1 +  2x3 50

33X, + 10xp, + 6Xx3 300

2Xq + X3 40

X1, X2, X3 0.
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G

Xij
X12
C

min W = 2Xq1+ X2+ Xp1 + 3Xo0.

C

X117t X12

Xo1+ Xo2 4.

Wy

X117+ X21

X12t X22

X12

min. w = 2X11

odv. Xjg1
X11

X11

O,X12

+

W, W,
cC G
W, |2 1 |8
W, 1 3 |4
5 7
W,
Wi X11
W,
C
W,
C
X2+ X1t 3Xp2
X12 8
X1t X22 4
+ X21 5
X12 + X2 7
0,x21  0,x22 0.

(X112, X712, X21, X22) = (1,7,4,Q
13

L 4
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C,
Wy
G
G
C
X11
]

C

Wy
X12



Wi G W,
W, G
W1 Wy W3
G &
W, 4 1 |8
W, 2 3 |4
W3 5 6 |7
10 9
min.  w= 6x+ 4y
odv. 4x+ y 56
2x+ 5y 100
x 0y O.
p
max. z= px+ 3y
odv. x+ 6y 450
6x+ 2y 660
x 0y O,
ap, a,...,%
max z= 2X;+ gx+ X3
o.d.v. X1+ aXy+ agxs

N O

Xy + agXp + X3
X1+ agXpt agxz 1
x 0y O,

L 4
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(X11X21X3) = ( 10,7, 5
(y11y21y3) = ( 10, 5, 9 q

max z= 6Xp+ 7Xp+ 2X3
odv. X3+ Xp Xz 12
X1 X3 8
X1+ 2%+ 2X3 6
X1 0,X2 0,X3 0.
(5,5,6 (28,0,14 (10,10,15 (22,0,19
max. 2x + 3y
o.d.v. X + y 9
2X + y 14
x 0, y O
max. z = 3x1 + Xo +  4X3
o.d.v. X1 + X2 + X3 60
X1 + 22X,  + X3 40
X1 + X2 + 2X3 30
2Xq + X3 10
X1 0,%2 0, X3 0
Z X X2 S1 S
12 & 1 2 0]b
0 1 0 1 117
0 3 1 1 014
*
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(0,14,8.

W= 4y; + 3y».



max.
o.d.v.

max.
o.d.v.

max.
o.d.v.

max.
o.d.v.

z

z

z

z

X1
X1

X1
X1

120

2X1
X1

X1

X1,

2X1
3X1
4X1
X1,

+ X2
X2
X2

0, x

+

X3

X3
X3
0, X3

(X1, X2, X3)

X1
X1
3X1
X1
X1,

+
+
+
X2,

3X3
X2
4X2
5xo
X3,

(le X2, X3, X4, XS)'

+  3x2
X2
+ X2
X2
+ X
+ 5Xp
+  2Xp
X2
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+

X,

oORr Rk E

z(xq, X2, X3) > 1000.

4X4
X3
X4
X5
X5

16
22



X4
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(V.E)

(V,E)
(V,E)
jVi=jEj+1
Gy Gy Gs
G4 GS GG
P(n) n n 1
P(1)
n 1=1 1=0
P(n) P(n+ 1)
n 1 T n+1 T T
fx,yg X Yy
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(V.E)

(V.E) (V.E)
(V,T) T E

(V,E) Cxy fx,yg2 E
(V.E)
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F
A B C D E F
A|lO0O 7 3 1 5 9
B|7 0 3 9 5 2
cC|3 3 0 3 4 4
D|1 9 3 0 11 5
E{5 5 4 11 0 9
FI 9 2 4 5 9 0
E
A
E
A B C D E
Al 0 10 9 3 7
B|10 0 11 15 ©6
cCl 9 11 0 5 10
D| 3 15 5 0 20
E| 7 6 10 20 O

L 4
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(V,E) V =10,1,2,3,4,9 G2 = 12
C3=4 a=50C5=9Cog=503=60Ca=4C5=10 co=7 c3a= 10 czg5= 20
C30= 15 C45= 7 C40=5 C50= 8
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1! 3! 4! 6 1t 2! 41 3! 51 6

11 2! 41 6 3+5+3=11
11 3! 41 6 4+ 2+3=9
1! 3! 5! 6 4+ 3+1=8
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0, ) (3.9 (4.9

(¥,
1 2 3 4 5 6
[ (0, ) BD) (4D (¥.) (¥.1) (¥.)
‘(2)= 3
(2)+ a=3+5=8< ¥
(8,2
1 2 3 4 5 6
(0, ) (B (41 (¥,1) (¥, 1) (¥,)
(3,) (4D (8,2 (¥,1) (¥.,)
(3= 4
(3)+ c3a=
4+2=6<8 (6,3
‘(3)+ C35 = 4+ 3=7< ¥
(7,9
| 1 2 3 4 5 6
0, ) (B) (41 (¥.1) (¥.,1) (¥,)
(3,) (4,1) (8,2 (¥,1) (¥,1)
(4,) (6,39 (7,3 (¥,1
(4 =6
(Dt =
6+ 3= 9< ¥ (9,9

| 1 2 3 4 5 6
(0, ) B) (49 (¥.) (¥.) (¥.9)
(3D (41 (82 (¥.1) (¥,1)

(41 (63 (7.3 (¥,1)

(6,3 (7.9 (9.9
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(Bt e=7+1=8<9

| 1 2 3 4 5 6
0. ) By (4n (*.) (¥.) (¥.9
(3D (4D (82 (¥.1) (¥.1
(4) (6,3 (7.9 (¥.1
(6.3 (7.3 (9.9
(7.9 (89
1 2 3 4 5 6
o ) Gy 4y (*.) (¥.) (¥,
(3) (41 (82 (¥.1) (¥.1)
(4) (6,3 (7.9 (¥.1
(6,3 (7.3 (9.9
(7.9 (89
(8.9
1! 3! 51 6
()

%
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®=7

“(6)= 8

(8,9



|
2
1 Q/
|
(V,BE)
x2V  k(x) X k(x)
(V,E)
|
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(M1, M2, M3, My)

(RIS

My g M2 & M3 & Mg 4
55+ 31+ 21+ 42 = 149



X1,1, X1,2: -1 X4.4 Xi,| Mi

J
Xi,j
xi'j=0 1
My
M1
b7
| % 3 4
M,|5 3 0 7
M, O 0 30 9
Ms|3 4 0 O
Mgl 4 0 2 O
M1 N} M2 N M3 N’} M4
M1 ks M3 N M3z 4y
My M,
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M Mo M3 M,

A k2 B %
M;138 33 0 31
M| 3 0 0 3
Ms |36 34 0 24
Mg (135 28 0 22

N N

A 2 B %
M, |35 33 0 28
M| O O O O
M3 (133 34 0 21
M, |32 28 0 19

M1, M3, My N
N M2

b > k5 %
M3 33 p 28
M6 © b——6
M3|33 34 p 21
Mg 132 28 p 19
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Mo
|l 2 3 4
M;|16 14 0 9
Mb| O 0 19 O
Ms|14 15 0 2
Ms|13 9 0 0
My
N
N RN} M,
b s 4
M;|16 14 p P
IVIZ 0 G 9
M3z |14 15 p P
Ms|13 9 p b
ERE
Mi|7 5 0 09
M,| O 0O 28 9
Mz|5 6 0 2
Ms|4 0 0 o0
Mz My ;]
b k3 4
17 5 p o9
Mr—T—6—6—748—>5
Ms|5 6 0 2
M —4—6—bH—6
|d 2 3 4
M:|5 3 0 7
M,| O 0 30 9
Ms|3 4 0 0
Myl 4 0 2 o0
M3
My b, My N N’}
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|A B C D
w17 7 19 21
X |20 12 20 23
Y|8 10 7 11
Z |13 8 15 21

|h b B X

M, |55 50 17 48
My |34 31 31 34
M3 |57 55 21 45
Mg| 0O O 0 O
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J

My

| 2 B 4
M; |38 33 0 31
My | 3 0O 0 3
M3 |36 34 0 24
Mg| 0 0 0 o
b 2 Bk 4
M; |38 33 p 31
M>—3 © —3
M3 |36 34 p 24
Mr—6—6—p—=6
|l 2 5 4
M| 14 9 0 7
Mo| 3 0 24 3
Ms|12 10 0 0
Mgl 0O 0 24 0
M1 5 M
17+ 31+ 45= 93
| 2 B X
P22 18 30 18
P, | 18 27 22
P, | 26 20 28 28
Py | 16 22 14
Ps | 21 25 28
S Sg
M7
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min

o.d.v.

| va

5X1+ 2Xo + 2X4 + 3X5 + 3Xg+ 4Xg+ 5Xq11+ Xqo

X1+
X5 +
Xg t
X1+
Xo +
X3t
Xg4 +

Xo+ Xz+ X4 =1

Xg+ X7+ xXg=1

X0+ X121+ X12= 1
X5+ Xg
Xe + X10
X7+ X11
Xg + X12

1
1
1
1

xj 2f0,1gvoori = 1,...,12.

V2

V3

V4

Wy
Vi Vg

Vs

Wy
W
W3
Wy

30
35
50
45

40
45
70
25

45
60
65
50

35
30
55
60

30
50
30
60
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(Xu,yu)  (Xv,yv) X Xu Xy
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(Xu, Yu) (Xvs Yv)

cuv = maxf dy, dyg,

dy dy

dy = Xu Xy Xu Xy dv = Yu Yv

X Xv Xy Xu < Xy y Yv  Yu
B E H N T

Breda ¥ 54 48 92 25

Eindhoven 54 ¥ 32 61 35

's-Hertogenbosch | 48 32 ¥ 45 23

Nijmegen 92 61 45 ¥ 67

Tilburg 25 35 23 67 ¥
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Yu Yv
Yu < Yv



Vi+ 1
Vi vy ! ! Vil Vier n

25+ 23+ 32+ 61+ 92= 233

B! T! H!I E! N!
E! H!I T! B! N!
H! T! B! E! N!
N! HI T! B! E!
T! H! E! B! N!
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A B C D E
A 0 132 217 164 58
B | 132 0 290 201 79
C| 217 290 0 113 303
D | 164 201 113 0 1964
E| 58 79 303 196 0

X y

X y | Gat
0 0| O
1 2| 1
3 1| 2
5 6| 3
7 2| 4
8 3| 5
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Xij_ 0

1 i n 1 n
i

. n n

min. é é dijxij
i=1j=1
n

odv. & x;=1 1 i n
j=1
n
a xj=1 1 j n
i=1
Xij2f0,1g Xij 0 1
di =M

XBT = XTB = XEN = XNH = XHe = 1 met afstand 188

BTB ENHE
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Xj=01
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28
21
14
17
18
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2 3 4 5 6 7 8 9 10
1/92 99 50 41 79 46 29 50 7P
2 78 49 94 21 64 63 42 3¢
3 60 84 61 54 86 76 51
4 45 35 20 26 17 2(Q
5 80 36 55 59 64
6 46 50 29 16
7 45 37 30
8 21 45
9 25
T
OPT
T

1 2 3 45 6 7

10 1 3 4 6 4 3

2 0 2 x 5 3 2

3 01 3 3 2

4 0 2 4 3

5 0 2 3

6 0 3

7 0
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(i.))

(i,j) d(i, j)
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i ET(i)

ET(1)=0
[
[
ET()= 6
ET(2) = 1 (1,2
ET(3) = 6 (2,3
ET(2)+5= 1+5= 6 ET(4) =
ET(2+ 6= 1+6=7 ET(5)

(3,9 (4,9

(5,6) (3,9

(4,9

ET(5) = maxfET(3) + d(3,5;ET(4) + d(4,5g= maxf6+ 4;7+ 1g = 10.
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ET(6) = ET(5)+ 2= 10+ 2= 12
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LT(i)

LT(5) = LT(6) 2= 10

(5.6

LT(3) = LT(5) 4=6

LT(2)

LT(2)
(2,3
(2,39

(2,3
(2,4

= minfLT(3) d(2,3;LT(4) d(2,4g
= minfé 59 6g=1

LT(1) = LT(2) 1=1 1=0
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LT(6) = 12

LT(4) = LT(5) 1= 9

(2,49

(2,3



(i.]) TF(i,j)

TFR(i,j) = LT(j) ET(@) d(i.j).

ET(i) = 5 LT(j) = 10

@
),

S)

(i,j) d@i.j)=3
() 10 j
(i) j
(¥))
TF(G,j)= LT(j) ET() dj=10 5 3=2
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TF(1,
TF(2,
TF(2,
TF(3,
TF(4,
TF(5,

NS NCRCURNONS)

(i.])
(1,2
(2,3
(2,9
(3,9
(4,9
(5.6)

LT(2)
LT(3)
LT(4)
LT(5)
LT(5)
LT(6)

d(i, )

NP RO OTE

o R
k=)
o Uk

10

LT(j) ET()
1 0
6 1
9 1
10 6
10 7
12 10
ET(1) d(1,2
ET(2) d(2,3
ET(2) d(2,49
ET(3) d(3,9
ET(4) d(4,9
ET(5) d(5,6)
(2.9
(2.9
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(1,2,(2,9,(89 (56).
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TF(1,
TF(2,
TF(2,
TF(3,
TF(4,
TF(5,
TF(5,
TF(6,
TF(7,

LI LELELD

LT(2)
LT(3)
LT(4)
LT(4)
LT(5)
LT(6)
LT(7)
LT(7)
LT(8)

4 ® ®
3 6
ET()= 0 LT(1)=0
ET(2)= 2 LT(2)= 2
ET(3)= 11 LT(3)= 12
ET(4)= 12 LT(4)= 12
ET(5)= 13 LT(5)= 13
ET(6)= 15 LT(6)= 16
ET(7)= 16 LT(7)= 16
ET(8) = 17 LT(8)= 17
ET() d(1,9= 2 0 2 =0
ET(2) d(2,3= 12 2 9 =1
ET(2) d(2,4= 12 2 10 =0
ET(3) d(3,4= 12 11 0 =1
ET(4) d(45= 13 12 1 =0
ET(5) d(5,6= 16 13 2 =1
ET(5) d(5,7)= 16 13 3 =0
ET(6) d(6,7= 16 15 0 =1
ET(7) d(7.9= 17 16 1 =0
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2 10000= 20000

(12 (249 (57
(2,9

(2,3 (239 (29

5 10000= 50000

activiteit | afhankelijk van | duur
D
PH
PS
A
T
M
Trans
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Xj =

X1

X1

X1y

X6

X3 X1+ d(1,3) = X1t 6

X1
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N N=1f1,2,...ng N

iNj N=1f1,2347% iNj=5 2
N=f1234 12 N
22N 32N 42N N 5 62N
N=f1,234 S=f1,3g N
S N
i3 NnS N S N
S NnS= f2,4g
S
T S[ T S T
S=f1,2 T=f5g S[ T=f1,25 S=f1,29 T=1f25
S[ T=f1,25
s T S\ T
S T S=f1,29 T=f5g S\ T=£&
S=f1,29 T=1f25g S\ T=f2g
|
N=f123,4,569 S=f1,35 T=1f2234,58
INj §S)Tj
S[ T
S\ T
Nn(S[ T)
|

S T S[ T=11,3,5,7,9 S\ T=11,3g



N=f1,23 S T S[T N
S\ T=£&
P(i) i
T; (V,E)
P(1)
P(1)
P(i) PG+ 1)
i i T; (V,E) P(i)
X
fx,yg
Cxy Tiv1 X fx,yg Ti
Ti+1
T T C v e c c c
T @
fx,yg T fx,yg T @
fx,yg @
fv,wg v w c SV X
i fv,wg
T0 TO S S
1y
Ti+1
TO Cvw (w)
X (%)
cw W) (X)) = oy 7O S
T TO Tir1
Ti+1
[ |
P(n) n
P(i)
*
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maximaliseer 5b + 7d

onder de b + 2d 5

voorwaarden 2b + d 8
b, d 0

maximaliseer 2dm + 22
onder de 2m  + 3t 140
voorwaarden 2m + ot 80
C, t 0
t
2m+ 3t = 140

2(3%,2)= 23
2(25,30 = 1260



2(3%,2) = 23
2(25,30 = 1260
2(4,2) = 30

2(0,6) = z(2,5) = 240

w(0,4) = 4
w(3,0= w($.3)=3
min w= 5y; + 8y,
o.d.v. yi1  + 2y 5
2y; + Y2 7
Y1, Y2 0
min. w= 140y; + 80y2
od.v. 2y;+ 2y, 24
3y1t+ Y2 22
Y1, Y2 0
(3.3 83
min. w= 10y; + 10y,
o.d.v. 4y, + Y2 3
2y + 5y 2
Y1, Y2 0
(33 83

Eleo

max. z= 2x+ 3y

o.d.v. X+2y+ =6
X+ y e =14
X,y,s1,e 0.
max. z=4x+ y
o.d.v. 8X + 2y + 5 = 16
2X+ y +s= 6
Xy,s1,% 0.
max. z= 2x+ 3y
o.d.v. X+ 'y e = 5
X+ y e =10
X,y,e,& O
max. z=5b+ 7d
o.d.v. b+ 2d+ s =5
2b+ d + 5 =8
b,d s;,s, O.
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(b,d,s1, 89)
S, S2 b,d (0,0,5,9 (0,0
d, s b, s (0,24,0,5%) (0,2})
d,s; b, s, (0,8, 11,0
b, s, d s (5,0,0, 2)
b, s d s (4,0,1,9 (4,0
b,d s, (3%.2.0,0 (3%.5
max. z= 24m + 22
o.d.v. 2m+ 3t + 5 = 140
2m+ t + s= 80
mt,s,s O
(m,t,51,%)
sLS, m,t (0,0, 140, 8) (0,0
ts m, sy (0,462,0,33}) (0,462)
t,s; m,s; (0,80, 100,0
m, s s (70,0,0, 60)
m, s t,s (40,0,60,0 (40,0
m, t S1, S2 (25,30,0,9 (25,30
(b,d) = (3%, 3) z=23
(m,t) = (25,30 z= 1260
(x1,%2,x3) = (30,5,0 z= 25
min. w = 50y; + 300y, + 40y3
o.d.v. yi1+ 3y2+ 2y3 3
10y, 2
2y + 6Gya+ y3 4
yp 0Oy2 Oys O
(YuY2,ys) = (2., 3 w = 140
w(ig, 1 2)= 140
min. w = 120y; + 20y, + 40y3
o.d.v. y1+ Yo+ y3 1
2y1  2y2 + 2y 1
2y1+ 4dy2 2y 1
yi 0y2 Oys O
(Y1.y2,¥3) = (0.3, %) w= 25
w(0,2,3)= 25
Wi Gi

Xi,j

AXp1t X2+ 2%X21+ 3Xp2+ SXg 1+ 6X32

Wi
X131+ X120 8 Wy
X217t X2 4 Wo
X31t+ Xz2 7 W3
G
Xp1t+ Xg1t X311 10 C
X12+ X22+ X329 C

X1,1,X1,2,X2,1, X222, X3 1, X32 O
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min. w = 4X111+ X122t 2X2Y1+ 3X2’2+ 5X3Y1+ 6X3’2
o.dVv. Xp1t+ X2 8
Xo1t Xo2 4
X31t Xz2 7
X11t X1+ %31 10
X127+ X2+ X329
X1,1, X1,2) X2,1, X2,2,: X3,1, X320
(10,19 124
P=9 p=;
q=2
min.  w= 12y 8y, + 6ys
o.d.v. %1 Y2 Y3 6
Y1 +  2y3 7
Y1 Y2 t 23 2
Y. Y2, Y3, 0
(22,0,19
max. z= 2x+ 3y
o.d.v. X+ y+ s = 9
X+ y + 5= 14
X,¥,8,%2 O
(X1, X2, 81, S2)
1, S X1, X2 (0,0,9,13 (0,0
X2, X1,S1 (0,9,0,3 (0,9
X2, 81 X1, S (0,14, 5,0
X1, $2 X2,S1 (9,0,0, 4)
X1, 81 X2, %2 (7,0,2,9 (7,0
X1, X2 SIS (5,4,0,9 (5.9
(x1,X2,x3) = (0,10,10 z= 50
(0,10, 10 (5,15,9
a=1 a= 1 b=38
(X1, X2, X3) = ( 500, 500, 50p
(X1, X2, X3,%4,%5) = (0,4,0,0,2 z= 120
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(X1,X2,%3) = (5,15,9
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zZ X1 2 X3 X4 S1 & S
1 0 0 2 0 3 3 0| 66 | z= 66
1 1 1 _

0 1 0 g E g ? 0 4| x1=4
0 0 1 g g g 5 0|25 x2=25
0O 0 O 5 5 3 2 1| 3|x=3

(X1, X2, X3,X4) = (4,25,0,0 zZ= 66

3
*
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fA,Dg,fB,Fg,fD,Cg,fC,Bg,fC,Eg

fA,Dg,fD,Cg,fE,Bg,fA,Eg

HH@

1! 2! 4
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SL! P! LA

3! 4
4

o! 30 10! 20 10! 30 20! 30
30
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24
720
n!

C = 5531+ 50x12+ 17X13+ 48X14+ 34Xp1+ 31Xoo+ 31Xp3+ 34Xp4+ 57X31+ 55X30+ 21X33+ 45X34+ 55X41+ 48X40+
20X43 + 42X44

Xi1*+ X2+ X3+ Xig 1, i=1,234,
Xgj t Xgj + Xgi+ Xgi 1, i=123,4,
min. C = 55X371 + 50x10+ 17X33+ 48X14+ 34Xp1 + 31Xoo + 31Xo3+ 34Xo4

1
+ 57x37 + 55X32 + 21X33+ 45X34 + 55X41 + 48X40 + 20X43+ 42X44
0.d.V. X1+ X2+ X13+ Xig
Xo1+ X2+ X23+ Xog
X31+ X32+ X33+ X3g
X411+ Xg2F X437+ Xga
X1+ X1+ X31+ Xa1
X12+ X2+ X32+ Xg2
X13+ X3+ X33+ Xa3
X14+ Xoa+ Xag+ Xaa 1
X115 X12, X13, X145 X21, X225 X23, X24s X31, X32, X33, X34, X41, X42, X43, X44 = 0 L.

PR RRRRR

X11= 0 X12= 0 X13= 1 X14= 0 X21= 1 X22=0 X23= 0 Xp4=0 X31= 0 X32=0 X33= 0 X33=1 x41=0
X42 = 1 Xa3 = 0 X44 = 0 C= 144.

WB XD YCZA

Pl P2d P2 Ps & Ps
S1 M1 $ Mg S3 M3 S My S Mz S Ms S My $1900

CTDAGRHB

A1B2C3E4D

M1 Py M2 P M3 P, Mg Ps Ms Ps
M2 P3 M3 P, M4 Py Ms Ps 12+ x
0 x 4

X1 = X2= X3= X5= Xg= Xg= Xg= X11= X12= 0 X4=1 X7=1 X0=1

W1 V3 W2 V5 W3 Vo Wgq Vg4 Vi
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(n 1.)!

A Al D! c! B! FI' E! A
B B! FI. C! Al D! E! B
C c! Al D! F!I B! E! C
D D! At c! B! FI' EI' D
E E! C!' Al D! F! B! E
F F! B! C! Al D! E! F
A Al DI Cc! E! B! A
B B! E! Al D! C! B
C c! b! Al E! B! C
D D! Al E! B! C! D
E E! B! Al D! C! E
A Al C! D! B! A
B B! ¢c! D! A! B
C c! D! Al B! C
D D! Cc! Al B! D
A Al C! D! B! A
B B! Cc! D! Al B
C c! D! Al B! C
D D! C! A! B! D
A Al C! D! B! A | M+5
B B! C! D! Al B| M+5
C c! D! A B! C| M+5
D D! C! Al B! D| M+5
Al Cc! B! D! A

2.002+ 3.002
2.002 20028002 3 498

D E
A C

| OGN |
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A AT E! B! D! C! A
B B! E! Al D! C! B
C c! D! Al E! B! C
D D! C! A! E! B! D
E E! Al B! D! C! E
fA,Eg,fB,Eg,fC,DgfA Dg 414
AT E! B! D! C! A
Al E! B! C! D! A
Al B! E! D! C! A
Al B! E! C! D! A
E! B! Al D! C! E
E! B! Al C! D! E
B! E! Al D! C! B
B! E! Al C! D! B
El D! A! FI B! C! E
E! D! A! C! F! B! E
E! C! D! A! F! B! E
E! D! A! B! F! C! E
E! D! A! C! B! F! E
E! C! D! A! B! F! E
E! Al D! F! B! C! E
E! Al D! C! F! B! E
El C! Al D! F! B! E
E! Al D! B! F! C! E
E! Al D! C! B! F! E
El C! Al D! B! F! E
Cl B! E! Al D! C
C! E! B! Al D! C
Cc! D! B! E! Al C
Cc! D! E! B! A! C
Cc! Al B! E! D! C
C! Al E! B! D! C
c! D! Al B! E! C
c! D! Al E! B! C
0 1 2 3 4 5
0|0 2 3 6 7 8
112 0 2 4 6 7
2|3 2 0 5 4 5
3|6 4 5 0 4 3
417 6 4 4 0 1
5/8 7 5 3 1 0
0! 1! 21 41 51 31 0
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A|B |D | E
B|E [C|A

Al Bl E! A C! D! C
A|B D|E|F
D|F A|C|B

Al D! AB! FI B C! E! C
A|B |D | E
D|E c|B

Al D! C! A B! E! B
0[1]2]3]4]5
1[2[0]4[5]3

0! 11 2! 0 3! 4! 5! 3
1]2|3]4|5]6]7
5[6|7|1|4]2]3
1 1T 47 50 21 6! 7! 3! 1
2 2! 6! 7! 3! 11 41 5! 2
3 30 70 6! 1! 41 51 21 3
4 41 11 51 21 6! 7! 31 4
5 5! 41 11 6! 7! 3! 21 5
6 6! 7! 31 1! 4! 5! 21 6
7 70 6! 1! 4! 51 21 31 7



50 31 71 21 6! 1! 4!
51 71 31 21 6! 1! 4!
51 31 71 6! 21 1! 4!
50 71 30 6! 2! 1! 4!
51 6! 31 71 21 1! 4!
5! 6! 7! 31 21 1! 4!
51 41 31 71 21 6! 1!
5! 41 71 31 21 6! 1!
51 41 31 7! 6! 2! 1!
5! 41 71 31 6! 2! 1!
5! 41 6! 3! 71 2! 1!
5! 41 6! 7! 31 21 1!
5! 11 30 71 21 6! 4!
51 11 71 31 21 6! 4!
5! 11 30 71 6! 2! 4!
51 11 71 31 6! 2! 4!
5! 1! 6! 3! 71 2! 4!
5! 1! 6! 7! 3! 2! 4!
51 41 11 31 71 2! 6!
5! 41 11 7! 3! 2! 6!
51 41 11 31 71 6! 2!
5! 41 11 7! 3! 6! 2!
5! 41 11 6! 3! 7! 21
5! 41 1! 6! 7! 3! 2!

oo ooololooooag

f1,8y f8,9y f9,49 f4,7g 4,10y 10,6y 16,29 f7,59 10,3y

1t 8! 9t 41! 71! 10! 6! 2! 3! 5!
2! 6! 10! 4! 9! 8! 1! 51 71 3I
30 10! 6! 2! 9! 41 7! 51 11 8!
4! 9! 8! 1! 51 71 10! 6! 2! 3!
5! 71 41 9! 8! 1! 10! 6! 2! 3!
6! 10! 4! 9! 8! 1! 5! 71 31 21
7! 41 9! 8! 1! 5! 10! 6! 2! 3!
gl 9!l 41 7! 10! 6! 2! 3! 5! 1!
9! 41! 7! 10! 6! 2! 8! 1! 51 3!
0 10! 6! 2! 9! 41 71 51 11 8! 3!

B OO~NOUOAWNER
SBoo~N~ounbwNk

1t 50 70 31 21 6! 10! 4! 9! 8!
1! 8! 51 71 31 21 6! 10! 4! 9!
1t 7! 50 31 21 6! 10! 4! 9! 8!
1! 9! 51 71 31 6! 2! 10! 4! 8!
1! 50 71 41 31 21 6! 10! 9! 8!
1t 8!t 50 71 41 31 6! 2! 10! 9!
11 7! 51 41 31 10! 6! 2! 9! 8!
1t 41t 70 50 31 21 6! 10! 9! 8!
1! 9! 41 51 71 3! 6! 2! 10! 8!
1!t 41t 7! 50 10! 3! 6! 2! 9! 8!

RPRRREPRREPRRERR
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,2gf2
’ ’ vf
y ,f
’
3 4 5, , 2
1 g

1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!
1!

7!
7!
7!
7!
7!
7!
7!
7!
3!
3!
3!
3!
2!
21
2!
21
2!
2!
21
2!
21
2!
21
2!

6!
5!
41
4!
3!
3!
3!
3!
7!
7!
7!
7!
7!
7!
7!
7!
7!
7!
7!
7!
3!
3!
3!
3!

51!
6!
6!
51!
6!
51!
4!
4!
6!
51!
4!
4!
6!
51!
4!
4!
3!
3!
3!
3!
7!
7!
7!
7!

4!
4!
51
6!
51
6!
6!
5!
51
6!
6!
51
5!
6!
6!
51
6!
5!
41
4!
6!
5!
41
4!

3!
3!
3!
3!
4!
4!
51!
6!
4!
4!
51!
6!
4!
4!
51!
6!
51!
6!
6!
51!
51!
6!
6!
51!

2!
2!
21!
2!
21!
2!
21!
2!
21!
21!
2!
21!
3!
3!
3!
3!
4!
4!
51!
6!
41
4!
51
6!

N
N
N
N
N
N
N
N
N
N
N
(RN
N
N
N
N
N
N
N
N
N
N
N
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ET(1)= 0,ET(2) = 1,ET(3)= 3,ET(4) = 3,ET(5)= 2,ET(6)= 6 ET(7)= 8,ET(8) = 10

= ET(8) = 10
i 1)2|3]4|5]|6]|7]s8
T [0]2]3]9|9|7 10|11
[ 1|2|3|4]|5]|6]|7] 8
CTa) [0[1[6]3]6]9]8]10
TF(L,2)= 0, TF(2,5=5 TF47)=8 TF7,8=8
TR(L,3 = 0, TF(2 6 =0, TF5,8:=S5,
TF(L,4 =8 TF(3,6=0, TF68 =0,
TR, =0, TF(25=4 TF(3,6= 3,
TR(1,3 =3, TF4,7=0, TF68 = 3,
TF(2,4= 0, TF(57) =4, TF7,8=0.
1,2, (1,3, (26, (3,6, (689
(1,2, (2,0, (6,9 (1,3, (3,6), (6,8
1.2, (2,9, 47, (7.9
(1,2, (249, 49, (7.9
3) (6) 8
O——O—O——0
5) @, 1
ET(13) = 23

(1.2 (29 (54 (47 (7.9 (91D (11,13
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ET(1)= 0, ET(2)=3 ET(3) = 4,
ET(5) =4, ET(6)=1 ET(7)= 13,

LT(l) =0, LT(2= 7, LT(3) = 4,
LT(5)= 8, LT(6)= 14, LT(7): 13,

TF(1,2 = 4, TK(1,3= TF(2,4) = 4,

TF(3,7 =0, TF(4,6)= TF(5,6) = 4,

TF(7,8 =0

= ET(8)= 21

ET(5) =7

LT(3)= 3

O<a<1
ET()=0, ET(9=1 ET(3)=3

ET(4)= 3, ET(5) =6, ET(6)=1
LT(1)=0, LT(2=1, LT(})= 4,

LT(4) = 4, LT(5)=6, LT(6)=

TF(2,5 =

MPT = 38

(1,2 (23 (3,9 (49 (596

P=Xe X1

X2 X1+ 9

X3 X2

X4 Xzt 7

Xs X3+ 8

X5 Xq4 t+ 10

Xg Xs+ 12

min P= X X1

o.d.v. X2 X1+ 9
X3 X1+ 6
X3 X2
Xq X3+ 7
X5 X3+ 8
X5 X4+ 10
Xg X5+ 12

X1, X2, X3, X4, X5, X6

Xx1=0

min pP= Xg

o.d.v. X2 9
X3 6
X3 X2
Xq X3+ 7
X5 X3+ 8
X5 X4+ 10

Xg X+ 12
X2, X3, X4, X5, Xg

0

ET(4) = 5,
ET(8) = 21,
LT(4)= 9,

2
6,
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max  p= 9y;+ 6ya+ 7y, + 8ys+ 10ys + 12y7

o.d.v. Y1 Y3 0
y2+ys Y4 ys O
Ya Ve 0
ys+ Vs Y7 0
y7 1

Y1,Y2,¥Y3. Y4, Y5, Y6, Y7 O

Z Y1 Y2 Y3 Ya Y5 Ye Y7 1 2 83 &0 S

1 0 3 0 0O 5 0 0 9 9 16 26 3838|z=38
0 1 1 0 0 0 0 0 1 1 1 1 1 1|y:=1
0 0 1 1 0 0 0 o 0 1 1 1 1 1|ys=1
0 0 0 0 1 1 0 0O 0 O 1 1 1 1 |ys=1
0 0 0 0 0 1 1 0O 0 O 0 1 1 1|ye=1
0 0 0 0 0 0 0 1 0 O 0 0 1 1|y;=1

(Y1,¥2,Y3,Y4, Y5, Y6, ¥7) = (1,0,1,1,0,1,} z= 38
X3=9 X4= 16 X5= 26 xg= 38 Xx1=0
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jiNj=7 jSj=3 jTj=5

S[ T=11,2,3,4,56
S\ T=13,59
Nn(S[ T)= f7g
S=1f1,3,57,9 T=f13y S=f1,35% T=11379
S
S\ T= &
S T
A f1g,f2g,f30,f1,29,f1,39,f2,39,N
flg | £f29,f39,f2,3g
f2g | A&f1g,f3g,f1,3g
f3g | £flg,f29,f1,29
f1,29 | £f3g
f1,3y | Af2g
f2, AEflg
N A
*
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