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max z = 4x; + 5x, + 6x3 — 100y; — 150y, — 200y,

S.t. 4
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2x1 + 4x, + 8x3; < 500

2x1 + 3x, + 4x3 < 300

x1 + 2x, + 3x3 < 100
0<x; <My;, i=123, MFHNK
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CTll CTLZ CTLTL

FRC 79451 0] BY 2R 20 %E F% (coefficient matrix) .
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B #3 (The Sudoku Game)

Sudoku game is played on 9 X 9 grid which is subdivided into 9
blocks of 3 X 3 contiguous cells. The grid must be filled with
numbers 1,2,..9, so that all the numbers between 1 and 9
appear in each row, in each column and in each of nine blocks.
A game consists of an initial assignment of numbers in some
cells. How to fill the other numbers?
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» Step 1: define the decision variables
> how to fill the numbers into cells
> this can be modelled with binary variables

xij,k (l,_],k = 1,2, 9)

where x;;, = 1 if number k is entered in position with
coordinates of the grid i, j, and 0 otherwise.

» Step 2: formulate the objective

» only feasible solutions are needed; we can set 0 as the
objective.
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» Step3: set up the constraints
» each number k appears only once in row i:

ioixijr =1, Vi,k=12,..9.
» each number k appears only once in column j:
X =1, Vjik=12..9.
» each number k appears only once in a block:
Y oXrq Gk =L Vi j =147 k=12,..9.
» each cell contains exactly one number:
YooiXijix =1 Vij=12..9.
> initial assignment on numbers:
Xijkx =1, Vi,j, k with k is filled in cell i,
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AL z I &
A 2 1 9
B S I 35
B | o 5

« WA RAER . WM E, ERERK?
max z = 6x; + 5x,
( 2X1+x, <9
5x1 +7x, <35
X1,Xy =0

\ xl) xzy\j%%%‘ﬁ

S.t. <
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vV NEEEWAREZ—LPOJRE, FRAREHAM X
o) .
WSt SRR SR A x = 28/9,x5 = 25/9,2" = 293/9
« BAME
v IUERAN: % =3,x, =3,2=33, NHmEBLYREM 5x, +
7x, < 35, IEAT{THE;
v [ RENEE: x; =3,x, =2,z =28, ®mENRSKMY, 2A1T
2, (BEREiiiE,
v ox, =4,x = 1,2=29, mELIREM, TR,

. UEBAKE —REREITH
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The cutting plane algorithm

o EIFEVAEREEAX A @ B HOR 5 S AR E N (FR
AEIEE) , (ERIBAIATITER SHa/)

o« FXYIEIR B XAV ER 7 IFEEH AR

- BE|FERIAERRBEEIAR MBS AT NG

TR — T, XAERAT AR KR g e LRI 75 7%
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Gomory's Cutting Plane Method
Ralph E. Gomory (1929-)

“Outline of an Algorithm for Integer Solutions to Linear Programs”
Bulletin of the American Mathematical Society, Vol. 64, pp.
275-278, 1958
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0<f;<1 ayzlayl | b>|b] 0<f<1
Xp + Elaerxj = [br| + (fr - Z frij>
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JEN JEN




2.2 BHMRIREIFEmEE

«| E| l': \ (o el P | Lo
A Ik TRRETES b
JING UNIVERSITY SCHOOL OF MANAGEMENT & ENGINEERING

I FEAYE AL

min c’x

min c’x (Ax =b

Ax =b — x+2&-x-<5
TR st ¥+ D Nl < 1B

x> 0, x AL

min ¢’ x /

(Ax = b
s.t.¥r T Elarjjxrj + s, = |b/]

JEN
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—x,+x,<1 QO =i
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X1, %,20 @
x;,, x, ZH ©

WAZRENHO, & 5HKEM

P2 PR e AR ) B A A -
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x1 = Z ’ xZ — E
. O
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EREBABIEN N FNFEMIEANMTE x5, x,, EAN

TRFALAR:
3x;,+x, +x,=4 @
ANERFxHO, HBMATERFEE.
Cp Xp b X1 X2 X3 X4
0 Xs 1 | -1 1 1 0
ieiER | 0 Xa 4 3 1 0 1
Cj - Zj 0 1 1 0 0
1 X1 3/4 1 0 -1/4 1/4
BAH R 1 X, 74 | 0 1 34 | 14
¢ — 7, 52 | 0 0 | 12 | -
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x1+(_1+3/4)x3+1/4x4:0+3/4 ;FIEQ%& ——————— S— 6__
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1 X5 1 0 1 0 0 1/4
0 X3 1 0 0 1 1/3 -1/3
¢ -z 2 0o | o 0 13 | -ue
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Branch and Bound Method
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(Ax = b
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X 2 0, x NEEEL
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x1 +Ex2 S E
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xl; xz E&%%ﬁ
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v
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(LP) FIBR AR RF S BEEE R
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! ¥ Sy
© >
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S| A:

x1=3/2,x2=10/3

z=29/6

T

B:

X1 = 2, Xy = 23/9
z=141/9

T~

Su| LHATHE

. X1=1, x2=7/3 S
S| C: z=10/3 1
S . x; =33/14, x, =2
12| D z=61/14
. X1 =2, x, =2
8122 F. 1 2

S121
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FER BRI LMK )R FR AR A, 1% TR E) R
FRA[EIEEB
(1) fRe)fB, AEESEIITERC—:
@ BRBRITHR, XAWSEFITE, N{EIE,
Q2 BE=LE, HAFERIMANERZY, BRI AAN R
g, N=ELE,
@ BEZMMER, BAFESOHANEEKEE, ICTEHBERRNE
7‘9200
(2) FIR 225k ) AR — N EE AT 1 THE -
—MRATEx; = 0,j = 1,...,n iR, KIGHEBEFEEHEE, H1E1Ez.

Zogz*SZ_o
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BB S5

» BNXMRMEFRERHEPES/NTzE, WEEXZ (BT X
=), BIUEABZET ;

+ BENXHRMBRERPERTz, BEATFEBHSHEH, WE

g DX BB
. —HEREEH NI, SRR (=1,..,1).

T AR XERAFIBARYEMERNXCIMAESEBHE N
Xlell. B EEME. AAERE—IMoTITHERRES
FREMRE, HEELLF RN

Ba 28y (implicit enumeration)
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nZEEE

Branch-and-cut = Branch-and-bound + Cutting Plane

Problem PO
Solution to Relaxation

3.5
(2=,32),Z2=-33=

Branch on x1

Problem P1
Solution to Relaxation

(3.2),.Z=-28

Progress of branch-and-cut

Problem PO
Solution to Relaxation

<2 ;23
7
/
Problem P2 Problem P1
Solution to Relaxation Solution to Relaxation
(2.3.5),Z=-295 (3.2).Z =-28

Add cut: 2x, +x, <7

Problem P3
Solution to Relaxation

(1.8,34),Z=-278
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Branch-and-price = Branch-and-bound + Column Generation

Original Problem Formulation

Master Problem

-
-

Restricted Master Problem

Solve Relaxation of RMP

Solve subproblem to find column with
negative reduced cost. Column found?

Add such
column to
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No
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Solution Integral?
No

Branch
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