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BHORK (Integer Programming, IP)
> BSR4y Bl R SR AR B BRSO 1 R K ) AR g B R

¥l (integer programming).
> AEERELAAEAT, AR H AR R ORI 2 o S A AL B
FIA 1] PR Ay i B O 0] R ) £ 5t 7] 7 (relaxed problem).
> AR A R — AN, BRSO Dy A
#i %l (integer linear programming, ILP).

RO MR B A AT 1) — i 3

min / max z=c'x
X X
s.t. Ax=b
x>0

X [RGB i B OB

e X A st i) R 1 B DL HEAT s A 1R B L, BE AT
17, BE AT EARRAL . B, a0 BER S AT .



Classification of Integer Programming

» 2R 28 MR (pure integer linear programming): #5468
TR SRR B S0 25T HCRE B M A MR

> TR A EEBE R (mixed integer linear programming): &
FARHH M LAHRCEEAE, 53— v DA B
(R RS R AR

> O-17U3 B 2L 1 H R (0-1 programming): R 548 & H AEHL
OB BB LR PE IR

&



Classification of Integer Programming

We call the problem mixed integer programming due to the
presence of continuous variables.

In some problems x are allowed to take on values only 0 or 1.
Such variables are called binary. Integer programs involving
only binary variables are called binary integer programs
(BIPs). (x e B": {0,1}", or x € {—1,1}")
Pure Integer Linear Programming:

(IP)  min {c"x| Ax < b,x € Z7}.
Mixed 0-1 Programming:

(MIP)  min{c"x+hTy | Ax+ Gy < b,x € B",y € R%}.



Classification of Integer Programming

> A general (nonlinear) integer programming problem can be
formulated as:

(NLIP) min f(x)
st gi(x)<by, i=1....,m,
x e X,
where f and gj, i = 1, ..., m, are real-valued functions on

R”, and X is a finite subset in Z", the set of all integer points
in R,
» Mixed-integer nonlinear programming problem
(MNLIP) min f(x,y)
sit. gilx,y)<b;, i=1,....,m,
xeX, yeYy,
where f and g;, i = 1, ..., m, are real-valued functions on

R4, X is a finite subset in Z", and Y is a continuous subset
in R9.



How hard is Integer Programming

» First thought (a bit naive):

» Total enumeration: For Stone Problem and 0-1 Knapsack
Problem. To list all the feasible points, a super computer with
speed 10® (Vi) basic operations per second needs:

n =30, 23% ~ 10°, 10 seconds.

n =60, 20 ~ 108, 360 years

n =100, 2% ~ 10%, 4 x 10'* years

vV vy vyYy
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How hard is Integer Programming

Most of the integer programs are NP-complete or NP-hard,

which means the problem is “as difficult as a combinatorial

problem can be”, if we knew an efficient algorithm for one

problem, we would be able to convert it to an efficient

algorithm to solve any other combinatorial problem.

Solving the linear programming relaxation results in a lower

bound on the optimal solution to the IP.

Rounding to a feasible integer solution may be difficult or

impossible.

The optimal solution to the LP relaxation can be arbitrarily

far away from the optimal solution to the MIP (except totally

unimodular case).

Solving general integer programs can be much more difficult

than solving linear programs or convex optimization problems.

This is more than just an empirical statement. There is a
whole theory surrounding it
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Partition Problem

Given n stones of positive integer weights (i.e., given n positive
integers a1, ..., an), check whether you can partition these stones
into two groups of equal weight, i.e., check whether a linear

equation
n
E aiXj = 0
i=1

has a solution with x;€ {—1, 1}, Vi.

NP-complete, but usually can be solved efficiently in practice.



Knapsack Problem

A burglar has a knapsack of size b. He breaks into a store that
carries a set of items n. Each item has profit ¢; and size a; . What

items should the burglar select in order to optimize his heist?
Let

. 1, Item j is selected
771 0, Otherwise

The problem can be modeled as a 0-1 integer program:

n
max E CJX_,
j=1

n
st. Y ap < b,
j=1

xe{0,1},j=1,...



Assignment Problem

» n people available to carry out n jobs. Each person is assigned
to carry out one job. The cost for person i to do job j is c;j.
The problem is to find a minimum cost assignment.

o 1, if person i does job j
Y 0, otherwise

» The problem can be formulated as:

n n
min E E CijXij

i=1 j=1

n
s.t. E xj=1,i=1,...,n
Jj=1

n
ZX,'J':17j:1,...,n, XUE{Orl}
i=1



Set Covering Problem

» Given a certain number of regions, the problem is to decide
where to install a set of emergency service centers. For each
possible center the cost of installing a service center, and
which regions it can be service are known. The goal is to
choose a minimum cost set of service centers so that each
region is covered.

» Let M ={1,..., m} be the set of regions, and N = {1,...,n}
the set of potential centers. Let 5; C M be the regions that
can be serviced by a center at j € N, and ¢; its installing cost.

> Define a 0-1 incidence matrix A such that a;j =1if i € 5; and
ajj = 0 otherwise. Let

. 1, if center j is selected
771 0, otherwise



Set Covering Problem

» The problem can be formulated as
n
min g GiXj
j=1

n
s.t. Za,-jszl,izl,...,m
j=1

x €{0,1}".



Facility Location Problem

Given a set N = {1,..., n} of potential facility locations and
a set of clients M = {1,..., m}. A facility placed at j costs f;
for j € N. The profit from satisfying the demand of client /
from a facility at j is ¢;. The problem is to choose a subset of
the locations at which to place facilities, and then to assign
the clients to these facilities so as to maximize the total profit.
Let x; = 1 if a facility is placed at j and x; = 0 otherwise.

Let yj; be the fraction of the demand of client / that is
satisfied from a facility at j.

The problem can be modeled as as

max Z Z Cijyij - Z f)’Xj

ieM jeN jeN
s.t. Zy,-l-:l, Vie M,
JjeN

vi <%, VieM, jeN,
x € {0,1}", y e RT".



Traveling Salesman Problem

> A traveling salesman must visit each of n cities before
returning home. He knows the distance between each of the
cities and wishes to minimize the total distance traveled while
visiting all of the cities.

» Problem: In what order should he visit the cities?

Figure: Traveling salesman problem



Traveling Salesman Problem

> Let the distance from city / to city j be ¢j. Let

o 1, if he goes directly from ito j
Y 0, otherwise

» Constraints:
» He leaves city i exactly once:

doxi=1i=1...,n
J#i
> He arrives at city j exactly once:

doxj=1,j=1,....n

i#j



Traveling Salesman Problem

» Subtour elimination constraints:

D> x> 1LVSCN={l,....n},S#0,

i€s jgs

YN x<IS|-1,VSCN,2<|S|<n—1.
i€S jeS
» TSP can be formulated as

n n
min E E CijXij

or

i=1 j=1
s.t. ZX,'J':]., i=1...,n,

J#i

doxj=1j=1,...,n,

i#i

> X <IS|-1YSCN2<|S|<n-1,

i€S jes

x € {0,1}".



Traveling Salesman Problem

Figure: TSP 1000 cities



Traveling Salesman Problem

Figure: Optimal tour for the TSP 1000 cities



Generalized Assignment Problem

Given m machines and n jobs, find a least cost assignment of jobs
to machines not exceeding the machine capacities. Each job j
requires a;; units of machine i’ s capacity b;. The problem can be

modeled as

m n

min Z Z CijXij
i=1 j=1
n

s.t. Za,-jxj < bj, Vi, (machine capacity)
j=1
m
Zx,-j =1, Vj, (assign all jobs)

i=1
xj € {0,1}, Vi,j



Minimum cost network flows

> A digraph G = (V, A) with arc capacity hj; (integer), for
(i,j) € A demand b; at node i € V, unit flow cost c; for
(i,j) € A

» Find feasible integer flow with the minimum cost.

» x;: the flow for arc (i,j), Vit = {k | (i, k) € A},
Vi = (k| (k.i) € A}.

» The model:

§ , CijXij

(iJ)eA
Z Xik — Z X = bj, i€V
kev; keV;”

0 < xjj < hjj, xjj integer.
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Algorithms

Branch and Bound

Cutting plane method

Dynamic programming

Lagrangian Relaxations

Column generation and Danzig-Wolfe decomposition

Branch and Price
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Nonlinear Integer Programming

Quadratic 0-1 optimization
Max-cut problem

Quadratic knapsack problem
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T ATFIAAE P2 R % o BT IZF Y RAEANIR, MR
BRI . MNE] T REASFHA4F . X R ITR
HAHB1, B2, B3, B4lU4. &% L) FEAF G SHEF RE.
& BT R BA Y RIERe;, W

B1 | B2 [ B3 | B4 [ A7 RE

Al 2 9 3 4 400

A2 8 3 5 7 600

A3 7 6 1 2 200

A4 4 5 2 5 200
TEFSRE | 350 | 400 | 300 | 150

T ASEA4IT T, BEFERA G TH7 59120075
Bi15007/57G. BLETRENIZE W T A3ILEA4, A Befli S 55
CDISE iR
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AR R 11

WX NHA; IB1EB; B R, AN T, ZRoR B o,
RT3 70 WRZ AR i) 7L R AR 2 v LR IR A

4 4
min z=7) > cjx;j+1200y; + 1500y
Xy i=1 j=1

s.t. X141 + Xo1 + X31 + X41 = 350

X12 + Xoo + X320 + X40 = 400
X13 + Xo3 + X33 + X43 = 300
Xq4 + Xog + X34 + X44 = 150
X11 + X12 + X13 + X14 = 400
Xo1 + Xoo + Xo3 + Xog4 = 600

X31 + X32 + X33 + X34 = 200)4

X41 + Xa2 + Xa3 + Xa44 = 200y>

Xjj > 0(i,j=1,2,3,4),y; € {0,1} (i =1,2).



AR R 11

Remark

1.

2.
3.

Ty Sy, AR N0, BOVEAR, f5hTH
R

LTy Hys AR T, RO RIS 1L 9580,
ralit sy = (1,0) Sy = (0, 1) 48 3% f g infike %, AH
AEMEE; BRI, HEREAT.
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LA V4 B9 B, W BRI SR A, T
WRTUIC 4 51 a; Ricy, [ = 1,2,....n. WA TREE
R, 47 =M

> PRI, S IR 2. R R

> TH3 A4 % i A

> TUH5,6,7 bl e 4.
IRV, A Rt B Ak
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XA B I H #A BOR A A PR PIMATRE, K773
MR RIR, L xRon s ] NIH KR HESE, 1L8:

._{L XTI H A
G =

BB )] AR ON:

R oV A

max zZ=73 i 1CX
Xo > X1,

X3 + X4 > 1,

X5 + Xg + X7 = 2,
x€{0,1},j=1,2,...,n



FEIR 1] R (73 B i) &)

NI AR YA A R A TR, SR PN 2
FRWNAEAF AL RS CE 6D IR R, anfe 2 HEfbAg]
() AR S SR I

f5f A | B|C|D

7l
FH 85192 | 73|90
4 95| 87| 78| 95
4] 8283|7990
T 86 | 90 | 80 | 88

A

wo [ 1 YREI A
PAT 0, ARAECE A TAE.



FE IR 17 B8 (43I )

max 2z = 85x11 + 92x12 + 73x13 + 90x14
+95Xp1 + 87X + 7803 + 9504
+82x31 + 83X30 + 79X33 + 90X34
+86x41 + 90x40 + 80x43 + 88x44
s.t. X114+ X12 + X13 + X44 = 1
Xo1 + Xop + Xo3 + Xo4 = 1
X31 + X32 + X33 + X34 = 1
X41 + Xa2 + X43 + Xa4 = 1
X11 + Xo1 + X310 + Xg41 = 1
X12 + Xo2 + Xa2 + Xa2 = 1
X13 + X3 + X33 + Xa3 = 1
X14 + Xo4 + X34 + Xa4 = 1
xj € {01}, i,j=1,2,3,4.



RESOIR T LA (R

> BEMONI 1R R AT R SR G A R st IR AT R SR S I — A
T, AEEWATATHAN A E A2 2 BRI AT
R AN — %€ PN RTAT A o

> BEHON I 17 U R AT A e IR St R R Y AT AT R (IeZ
A=) -

> BRSO 1)) Foe AR F) L s b AN 2 D10 T AR ot 1 A )
B ME A ) b bR 2 0E
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BB 1) @
max Z=X1+ X
s.t. 14x1 + 9x < 51

—6x1 +3x < 1
X1, X > 0 HOyREH.

HRAGIEBMAA, 5 RIFAs L R )

max Z=X{+ X
st 14xy +9x> < 51
—6x1 +3x <1

X1,Xo > 0.



%1+
PR R AR AR . (%1, xp) = (3/2,10/3), HA5z = 29/6.

AR BB iR Uil . 2B EO R R, AT 2
FEZ LR i) B 0 T AT 38 HOR AR o ORI R [ mT 4T
fREER—NMERE. B, (2,2), (3,1) B IZHEH LMK 5
DL -

3/2,10/3)
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7y 3 7€ A2 (Branch and bound method) ) fif 55 3§

1. SRAEHONIN (2 ot 17 b R 5 A it ) AL 1 5 I At A2
HEOR, SRR R, SN —2;

2. 733 AR AN REBREUR AR X, BRI TN -2
e

xi < [xi], xi>[x]+1

ZEL R A T R REBORI 1) iE, BRON 0 32
3.*@%@%?@%%&%@@,%ﬁ%&%ﬂﬁ%%&ﬁﬁ
BRI {H .
> IR SRS I R A R L JF H R AR BB T HE
3 IR AR A RA St I ) F AR AR, IR e 2 S R A R
s
> FIRAFAES S, Hoknab R U AR O AR R I H A ARE L
T H AT S 0 SO0 0 SO A B AREL, RG22 (1) D R
MR L B A H AR R BB E T S B (2) 4kERar s, i
E, HESRRILE.
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ILP:  min Z=—-—Xi —5x
s.t. Xy — Xo > —2
5xy +6x < 30

X1 <4

X1, Xo > 0 Hi@j‘j%&ﬁ



73 358 FHE— Bl
e B AR R, AR R AR R ) (R RO ) e
HOE N EAETR )
LP: min Z=—-Xy —5x
s.t. Xy — Xo > —2
5X1 + 6X2 < 30
X1 < 47 X1, X2 > 0.
if3x = (18/11,40/11), z = —218/11 ~ —19.8, MIR N JFEHE]
FRKI ) R A A BRI BB A T S

(18/11,40/11)




93 3 € FHE— Bl
XTxy =18/11 ~ 1.64, FIHZI AR K Ex <1 Hxq > 2 $ R EEL
FEI 7] R4y SONILPT 5ILP2:

ILP1: min Z=—Xy —5x
s.t. Xy — Xo > —2
5x1 +6x> <30
Xy <4
Xy <1

X1, Xo > 0 Eig%%ﬁ

ILP2: min Z=—Xy —5x
s.t. Xy — Xo > —2
5x1 +6x> <30
Xy <4
Xqg > 2

X1, Xo > 0 E‘i’/}jj‘j%ﬁ



93 3 € FHE— Bl
FR5ILP1/ILP2 AR fIFA T [ B RLP1/LP2. fiELP1 5LP2 753
LP1 x=(1,3),z=-16
LP2: x=(2,10/3),z = —56/3 ~ —18.7.

» S ILP1 BRI (MBS x = (1,3), Stk
fHz=—-16) , o fEiit5;

» HTFLP2M B Bl —56/3 < —16, #ior X ILP2 Al A7 1E
BRBUE /N T — 16 B E R, R 2 S TR AR it B

» EF: —56/3 < ILP fi il < —16.

7

3P - b E

o7 b X7



93 SCRE k- BT

Ir ST, NILP B S D R S s S ) LA SR

1.

2.

3.

eI 73 353 S o ot T 5P e 18 Ak N RE e 14 7032
FA 5t I R 1 i DO AR AN A B B 14 70 55

B 5 ub BE RS ) S i A R BRI 14 R AU

A AR BV, W RE A +-00;

A5 53 ST XS INE AR st i R ) 5 DC R B8{ELK T b, U NZBY 25
273 SC(TC VAR 5t i) R ) S DA A2 75 D B AU

- TN F b )L E DA i AR AR B R B BT 0 3B BY B e

SCERAR) BT L AR s it 1) PR f A1 R BB ) B /N o 5 B
P T LA B 7 S0 BRSO AR B RO, I A e
e, fFIEai5.



N SCGES R BT
FEILP2 B4 BRI xe < 8 5xp > 4, {41 F M4

ILP21: min Z=—X1 —5x
s.t. Xg— Xo > —2
5x1 +6x, < 30
x1 <4,x>2
Xo <3

X1, Xo > 0 Hi’ﬂjﬁ%ﬁ

ILP22: min Z=—X1 —5x
s.t. X|{ — Xo > —2
5x1 +6x> < 30
X1 <4,x =2
Xo >4
X1, Xo > 0 HI N



S T E— T
A3 SR s A 5 1) ELP21 FILP221) f A fift.
LP21: x=(24,3),z=-87/5~ 174
LP22 - TCRIATfi#, BYSZ.
R T% AT 38 2 5 4 I B B, Wub e 75 5 LP21 IR ML~

RN, HRBUE /N Tub = —16, Hitkib = —87/5, T4k
EEXTILP21 34750 37,

e




93 38 FHE— B
MAXy <2 Hxq > 3, 4kEExHILP21 BEAT 4332
ILP211: min zZ=—Xx1 —5X
s.t. Xy —Xp > —2
5x1 +6x> <30
X1 <4,X1>2,x <3
x; <2
X1, X > 0 HYJNHEE.

ILP212: min Z=—Xx1 —5X
s.t. Xy — Xo > —2
5x1 +6x> <30
X1 <4,X1>22,x<3
Xy >3
X1, Xo > 0 Eigﬁ%ﬁ



S T E— T
435SR A B ] BELP211 FILP21 2% S AL A

LP211: x=(2,3),z=-17
LP212: x =(3,25),z=—155.

BT IF AR, WEHub = —17; LP212 (KIS0 s ik
Fub, #HAT LLBT S, BREF, R BV (2, 3).




93 SCRE k- BT

JECRE B 1 i 1 B DL (2, B), SR BB {E N —17.

P
x,=18/11, x,=40/11
79 = -19.8
x,< / N >2
. LPZ2 |
x,=1,x=3 x,=2,x,=10/3
Z(D = = 10 Z‘z’ = —18.5
xz'y V“
LPZi LEP2,
x,=12/5,x,=3 A
e = —17.4 Eey. 2
xi<2/ wf 3 4
LP211 LP2i2
x,=2,x,=3 x,=3, x,=5/2
742 = =g/ 7o = - 155

H H
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ISR FHE

RS BEIMLP KMEILP, MLP S, Hik. RIS OMy
J

B XKL HERILP WAL, 3R RS Z, AL
M TS 3 EREN, TRILPEEM ST o
JRBR, LP AR EAMZ, RSl 58 B AL R %
Py AR B INE T BT

FCAtn ) R e PR 8 e DL R AU I R 5 o SO
By anminE s b SEPFIERES S R R & B
PR [ .



TR

P53 3 5€ R AR A5t i)l i B vH SO L el P A2k A D

min Z=—-4x1 — 3x
s.t. 3x1 +2x < 25
4x; + 5x, < 50

X1, X2 > 0, HIENHAL.
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3 [f : (cutting plane method)

ISP THEAT SR A P AR 2 BRI P 7 7k 25 A B e i ) ) R, L
FEA DA R

B A G SRR BEROX A, RS, 1S B
PR, AN B 31 25 AR B RO I 2 20 2% A (BPR O 11
(1) P S S K ) 471 =117 O 1B (5 A IR [ K12
i, NSRRI AT R

EP VR A AR B BE =4 10 F - T (G 5 7 2 DI
REIR), HARVIEG R AR AT Ef— Bk
R G  )EL B LA

PAN e Al B BRI A T



I BT

min Z=—Xy— Xo
s.t. X1+ X2 <1
31 +x2 < 4

X1, Xo > 0 E.j'\j?%i&
Fe AT IR LI AT, SRATAH . R4 5t v 25 PRy e (0 -
X1 =3/4,x0=7/4,minz=-5/2.

A

X2

17 c (1, 1)




I 17

BLBLAE, WREK PR CD MR B E VI W ATHR, Kis=MF
BACD, WA BAARBAEIRIIC f(1,1) BURER B — Ml

%2

AR AU B bR s B, A5 B s XAG T9EC /L, NS
) JR AR AE R [ A

VA B EAFRIE — NXFE“EIP " CD, R E R
ME—f), tATREANE — P RESREIH.



HP k- filr
5L L R AR 258 2 R AR 1R A B g 50, AT 2
FREE R LR

—Xi+Xo+x3 = 1
X1 +Xo0+ x4 = 4.

ARG IEBBARFA, HPATRREE, WHR:

X1 Xo X3 X4 b
4 1 1 0 1
3 1 0 1 4
-1 -1 0 0 O

X1 Xo X3 X4 b

1 0 -1/4 1/4 3/4
0 1 34 14 7/4
0O 0 12 1/2 5/2




I 17

W1 T H AT 2R RN 2 AR, 7 B2 R AT &
gy, FRREAUME, MHIE R A S BETAT /. AT R &5
R B AE B BX N AR R

el 1, 8
17478747 T 4
Xo + = X3 + —X. !
2 4 X3t 4% 4

N TASRVEERCR M, K b 3R 5 10 2R BRI R BT 7 Al 2 4
AR B #8732 A0

3 1
(14+0)x + (—1+ Z)X"’ +(0+ Z)X“ = 0

3 1
(1+®&+%0+ﬁ&+%0+ﬁm =

_l’_

—
+
AW AW



FPP A= BT
B 5B TE, BB RIS AL, 35

3 3 1
X1 — X3 = Z—(ZX3+ZX4)

3 3 1
=1 = 4 —(3x+ %)

Hixy, xo ARG KX, xg TROUAR GRS, i 307 v 8
e, PIA it oy A I

3 3 1

S (Cxa+-x4) <
7 (gt gx) <0
"

—3x3 — X4 < 3.

BERI Y —AIEITRE, KA AL RFA N R A [ e, F
fift. SIANFEFAL G E X5

—3X3 — X4 + X5 = —3.



I BT

Xy Xo X3 X4 Xs b
1 0 -1/4 1/4 0 3/4
0 1 34 14 0 7/4
o o -3 -1t 1 -3
0O 0 12 12 0 52

FAXHE B AE T 1A 2

Xy Xo X3 X4 X5 b
i1 0 0 13 -112 1
O 1 0 O 1/4 1
o o 1 13 -13 1
O 0o o0 13 16 2

T xq, xo M AR BEEL, RS



F P11 i%— i1

e BRI R —3x — xg < -3 F M Txe <1, (UFHH
X3 = 14+Xx1—X
X4 = 4—3X1—X2,

ARNRIAT . Tiix < 1A AATHE X, > 1 BE 2 DIEls, gebE]

A A B, HAEDIRR RT3 B A0 H AR s 2e 4f
EEIE S




RUTETTRENI 25 4R
1. Box; AR MR S AL b oy o Ba i — N R E A
e, WERRM) , HEREHHRATEERS
X+ Yix = bi,
jeK
Hriie Q(Q RmELENTHESR), j € K (K FrdrEA
B NRER).
2. Fib; My #o i R N SR E 8 2/, B
b = Ni+f
yi = Nj+1,

Hho < fi<1,0 < f < 1. fRNF

X+ Y Npg—Nj= =) fix;,
J J



ROVETRERI D YR

3. F A B (R AR B AREEUN LR F M (LR IEA BT
%M. XiF, R AR WU, HINHALE,
N0 < fi <1, FrAARENIE, B

fi — Z fix; < 0.
jek
BERP N — B TR

S0 (1) PIEFREREIERT T UIE, FoAE /DR Bem e
fRRIX— BB T (2) WA B ER, X2 RO R 2t
FUKI (P AT B B T AT s e VIR A2
Remark
(1) T X VIEI TR, [ KRB N, Hol AR E; (2)
VIE IR G —ik gk G, Himil—e vt (s E
YIRIE) DRI A P BR Al AN 7R — i e .



T}

JRETEE

F1°7 0% H 19584 HGomory $2 a5 2 kit . (HEF
TVAZE B BSCSIRE 1S 1., DRIAR D> A o 5 v vl
HHAIE, Wy soe ik, e, EE AR,



TR

FH NP T2 A 11 ) 752«
min —4x1 — 3xo
S.t. 6x1 +4x <30

X1 +2x <10
X1, Xo > 0 Eﬁ%i&
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min / max c'x
X X
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Thus, can be solved by branch and bound method or cutting
plane method.
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EHIRECN10 x 3 x 30+ 2 x 10 x 30 = 1500,

T UAE Y, R MR SR G SR U ANE], is SRR AN, T H
ZAIRK . AT H Bt 2B b Fis 5Lk Fe, SR ilif/hMiiz
HE,



LB P

BOLRIRE R SLRARIIRT TS A Ag. Ap I, — A7
£ k(1 < k < n—1) {15 EIRTFE IR G — 002 (A Ay)
J:(Ak+1An)

FEREERE Ay Ap... AnfURLRIR S /TR, 3 THEA, . AT I
FERAL, IR HODR RS RS B R . R X
B, AT LT SR AE T HEA .. A HRARAT 5 7 S A
5 Ag Ap... AnFI AT B AL 7 SRR B R E AT T 8EA . AR
B SALINT S, BORE AT LS BURTAERERE A, Ap... Ag B IR
AL, P T TR

X THE A1 Ane RAMEFHBAL e 7R LA, Ap... Anft)
RORAT B LI, X TR A 1. AgEATHE B LTI, A
EE MRS %



FLAth 5 DL FR AT B AR SR A £ 7]

8 A= R
» B XA RR
» Lattic Network Shortest Path Problem

®7® ...... @



» BRIt E]: 11 H 26 H14:00-16:00
» Hus: Al 1-212, il 1-213

» 11 A 28 HREM, f&iR—k
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» CPLEX: 2t RiE M =R L ALRRFT, R TR &ML (Linear
Programming). k77 #£#i %l (Quadratic Programming).
TR REZI H A R (Quadratically Constrained
Programming) FlE & %24 H%I (Mixed Integer
Programming) /8.

» Gurobi for solving mixed integer linear and quadratic
programming problems.



B

Matlab m i iR & B E e ME LRI In) A2 7> “intlinprog” (J7i%: 73
SCRESE, AT ), SR A

min fTx
X
s.t. Ax <b
Cx=d
Ib<x<ub

x(intcon) are integers
YR X

x = intlinprog(f,intcon,A,b,C,d,lb,ub,options).
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Examples in Matlab

Mixed-Integer Linear Programming Basics
Travelling Salesman Problem
Solve Sudoku Puzzles Via Integer Programming

Mixed-Integer Quadratic Programming Portfolio
Optimization



Further reading

[§ Alexander Schrijver, A Course in Combinatorial
Optimization,
https://homepages.cwi.nl/~lex/


https://homepages.cwi.nl/~lex/
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