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Figure 6.2 (a) A cryptarithmetic problem. Each letter stands for a distinct digit; the aim is
to find a substitution of digits for letters such that the resulting sum 1s arithmetically correct,
with the added restriction that no leading zeroes are allowed. (b) The constraint hypergraph
for the cryptarithmetic problem, showing the Alldiff constraint (square box at the top) as
well as the column addition constraints (four square boxes in the middle). The varniables 'y,
(5, and (5 represent the carry digits for the three columns.
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HRFS: C;=1{01}= C3=1(MNEC; =0, PBAF =0, SHEE=>F=1
C,+ W+ W =U +10C, C2= {01}, ERCG=0, =01, BRCG =0
Co+T+T=0+10C, OFIRRBE(T+T=0+10, 0+ 0 =R), A0 = {2,4}, L#F0 =
Cy=F

’ 4 4R =8,T =7, URIBHE, BIU = (2,6}, TIU = 28, W = 1,
T#0
F£0 F, EU =6, W=3 BI—4HF
F,T,U,W,R,0 HFEA+E TWO0=734,FOUR=1468
TE:

F,T,U,W,R,0€{0,1,2...,9}
Cy,Co, Cy € {0,1}

KRig:

c, ¢ ¢ F T W 0] U R
Init {01} {01} {1} {1..9} {0..9 {0,..9} {0..9} {0..,9
C3=1 1 {01} {0,1} {5...9} {0..9} {0,..9} {0...9} {0...9}
F=1 1 {01} 1 {5...9} {0..9} {0,..9} {0,..9) {0,.9
Co=0 1 0 1 {5...9} {0..4} {02468} {0..9 {0,.9
C;=0 1 0 0 1 (56,7} {0.2,3.4} {0468} {048}
0=4 1 0 0 1 {7y 02,34} 4 {0.4,6,8)
R=8 1 0 0 1 {0,3} 4 {0,6} 8
T=7 1 0 0 1 7 4 {0,6} 8
W=0 1 0 0 1 3 4 8
u=6 1 0 0 1 7 3 4 6 8
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Figure 6.1 (a) The principal states and territories of Australia. Coloring this map can
be viewed as a constraint satisfaction problem (CSP). The goal is to assign colors to each
region so that no neighboring regions have the same color. (b) The map-coloring problem
represented as a constraint graph.
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> RIERAX FARPREIESE (AMHER 2 £ HEEEFRIE A
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BIPsEUER 15, NPABEIRIG AR \J-T-) XERHE AR
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> %d\:%;jﬁﬁﬁﬁﬂ minw (Xw — y)? [BIEFERAR
fig w'=(X"X)"' X"y (hfEkial, &ﬂ]mﬁﬁﬁﬁlﬁb)o
ﬁu%ﬁﬂ]éﬁuﬁﬁ ﬁtﬂﬁﬂﬁﬁﬁﬁthﬁﬁ% ERMERIR K
BEHERAT, SIANISEHI \w'Dw, Hit D A3 e
B, BAEMNBUE. HEAS/N RS EFI O)FAEZERAUT
2GR AL [B] R :

min(Xw — y)? + \w ' Dw

(1) ERBREFEAEAT w'Dw MIE L2 FBEAT w'w IR
lita. D X AETE Di BITEX, ERBESXEK
Eta?

(2) EXFA L e EFHITKE -
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(1) fERww” TSR FIARHENEER. BTFHORHINEERA, BEREENE, FERwDw’ {ERH
SBHIA LA SEED, MwiIA RS BAVE FARRIAEAIRS, AT mERE.

DHINIFBETTE D Bwiis BANEETRE.

D BB AT BAIRT N w; 5 B BRI A, XY A A E S R RESTRA.
(2) W(Xw —y)* + A" Dw, RSEBURES:

BBw* = (XTX + AD)"1XTy
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> RIZE n MRS x1, ..., x0 AER—PBE o x — p(x),
IJJH:EXP'EﬁI Kix, X) p(x) - o(x'). IUERA Bz R 4]
FTRERIZIERE K K)‘,J = K(Xn Xj) BUTHR:
(1) K B—AXHERIERE
(2) KB2—1HIEESEMKE, BIVze R, z"Kz > 0.

(1) K;; = K(xi,xj) = @(x;) - ‘P(xj) = ‘P(xj) - o(xi) = K;

(2) K=¢ ' (x)e()

VZER" zZ'Kz=2z"9p"pz = (zp)" (z¢p) > 0
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» BHEIEFIE 1 = (1,2)T, % =(2,3)T, x3=(3,3)", fafl&
x1= (2,17, x5 = (3,2)7, KK Hard Margin SVM ik
fRoBEBIEmMoERRRE, FEE LEH BB,
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BREBIXEwix+b=0 . ) ;
1= (2) X2 = (3) X3 = (3)

—— 2
min {|w| Xy = (i) xs = @) y=(111,-1,-1)

s.t. y;(wTx;+b) >1

WARBAE XS N

1

E T

max ) a;—3 a;a;y;y;i(x;" xj)
i=1 i,j=1

subjecttoa; = 0,1, ;y; =0

a, +a, + A3 — Qy- Usg =0 ﬁ]\a*ﬁ@]ﬁ, ﬁ

max 2(0[1 + a, + (1'3) - %(40[12 + 2 azz + 0:32 + 20[42 + 40[10[2 + 6051054 + 2(1’20,'3 + 20.'3(14_,)
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B, KBLARRS/MHE =0
a1 =-04<0, a, =1.2, az= a,=0
AREARFMN, WERAE—EAYTTENATERE], XM LR BiRREE XENR
WEHRAEL e, A0 (AABHEaMNIMA —ap® —3ayay- azay )
A itk £ X TE1E A

1
max 2(a; + a, + a3) — 5(4(::12 + 2 ay% + a3? + 4a a, + 2a,a3)

KELAERS/ABE=0, TR Wa, oy zZPE—NAH0, BIAFE
a, =08, KBIESAHN0, T a, =0, a3 =2, f=2
CYZ:OETJ-. *ﬁﬁ%%o, ﬂ_?%- aq =0.5 , a3 :2, f=2.5

az =00F, KRS A0, TFa, =0, az=1, f=1
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5
@ =3 ;=0 az3=2 a,=0 a&=5

w = 2 Q;yix; = (_21) b=-2

RERE: f(X)=sign(-x1 + 2x5 — 2)
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Lce(w, b) = —|ylogo(w-x+b)+ (1 —y)log(l—o(w-x+b))]

9] [ 0 9]
3w Lesw,b) = — _ya—wjlogcr(w-x+b) +(1 —y)a—wjlog(l —a(w-x+b))]

1 0 -1
cr(w-::r+b)+(1—y)1

0
_ya(w-x+b)awj —a(w-x+b)awj0(w-x+b)]

__ -y 1—y d

B _J(w-x+b)+1—a(w-x+b) awj”(w X +Db)

—y+yo(w-x+b)+o(w-x+Db) —yo(w:x+Db)
ol — a(w.x+b)zl—a(w-x+z§) ol x (A=l x+ b))y

= (6(W-x + b) — Y)X;

0
a_‘”jLCE(W: b) =(c(w-x+b)—y)x;
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