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max z = 90x, + &80x, + 70x, + 60x,

s.t. 3x, + x,
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Partitioning...

max z = 90x, + &80x, + 70x, + 60x,
s.t. 3x, + X, < 12
2x, + x, < 10
3x, + 2x, < 15
x, + x, < 4
8, + 6x, + Tx; + 5x, < 80
X, X o, X 5, x, = 0
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Partitioning...

Bxg Cine
max z = 90x, + &80x, + 70x, + 60x,
s.t. 11 3x, + x, < 12 "
D x 2x, + x, < 10 d
) 9 3x, + 2x, < 15 d2
D x x, + x, < 4
Alx!' +A%x?*8x, + 6x, + Tx, + 5x, < 80 b
x] 9 x2 ’ x3 ’ x4 2 O
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Partitioning...
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Minkowski’s Theorem

..for bounded feasible region

Let T, ={x",x*,...}be all extreme points of D*x* <d"

Then

T, |
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Extreme points...

g |31 ey a1 _ 3 +x <12
2 1 X, 10 2x,+x, <10
X
1 _xl_ 1_0_ 1_0_ 1_2_ I 4
X = = +A + +A4
o X, ’L_o_ ’l10 23_6_ lo

ne) Ath+A+4,=1
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Extreme points...

D2='3 2 Xzz'xg' d2=‘15' _ 3% +2x, <15
1] Xy 4 X, +x,<4
Xy
7.5 - - _ I
X, 0 0 4
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z=max Cx'+C*x* st
s.t. ‘i .
T 1 —_—

Dx <d —

| T,|
D’x* <d’ e
Alx! + A%x2 <b =

T T,
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Dantzig-Wolfe Reformulation

1 1
X1:|:X1j|:|:2/13+4ﬂ4 :|, 2’}4_/112_'_]%_'_/12:1

x, | [104 +64
L1 s
=[8 6] =[7 5] cC'=[90 80] =[70 60] b=[80]

Z = max 90(2/13 +42)+80(102 + 64 )+ 70(42 )+ 60(4 2
Sl

A+ + 4+ 4, =1

A+4+4 =1

824 +42 )+ 6(1042 + 64 )+7(442)+5(42)<
Ay s s Ay Ay A 20
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So, what’s the point here?

D-W reformulation looks more
complicated!!
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The point is...

1 %% i1 0 10 | 2 |4
X = = + + + A
X, ﬂ“_o_ /12_10_ 23_6_ o
2 _'x3 ) 2 _O_ 2 _O_ 2 _4_
X" = = +A4| |+
X, ’21_0_ 4 ’13_0_

We can use column generation!!

Step 0: Construct Restricted LP with one extreme point each
for x! and x@.

Step 1: Solve Restricted LP.

Step 2: Get an extreme point for each x' and x? using their
corresponding pricing subproblem.

Step 3: Append new extreme points to Restricted LP (if
required), then go to Step 1.
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Pricing subproblems...

Restricted Master LP
il i Pricing subproblem for x'
max z, =C'x' - pA'x' -7,

= S.I.
‘Tl‘ 1 Dl 1<d1
Y el el ) X =
t=1
Y x' >0
Ji—l el i
; ( ) Pricing subproblem for x2
‘Tl Az max z :C2 2 A2 2_72_
ARy T A Lﬂfxf <b (dual:p) 2 P 2
= = s.t.
/11 =0 =l T1 D2X2 < d2
=0 i x2 >0
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Column generation

Start with 7, ={(0,0)}, 7, ={(0,0)}

max z=0

s.I.

A =1 (dual:rx)
/?12 =1 (dual:rm,)
0<80 (dual: p)

A, =0

Optimal solution : (p, 7,, 7, ) = (0,0,0)
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Column generation

Pricing subproblem for x': (0,7,,7,)=1(0,0,0)
max z, = (90x, +80x,)— p(8x, +6x, )7,
s.I.
3x,+x, <12
2x,+x, <10

An extreme point!!

X, X, 20 /

Optimal solution : (x,, x, )= (0,10), z, =800
Since z, >0, add (0,10) to f’l
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Column generation

Pricing subproblem for x2: (p.7,.7,)=(0.0.0)
max Z, = (70)63 +60x, )— ,0(7)63 +5x, )—7[2
S.I.
3x;+2x, <15
X, +x,<4

An extreme point!!

X3, %, 20 /

Optimal solution : (x3,x4)= (4,0), z, =280
Since z, > 0, add (4,0)to 7,.
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Resolve the Restricted LP, and
repeat the process...
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Further reading...

Chapter 10.4
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