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s.t. 0§in <a,a <N
=1
Oé(.Ti + $j> + ﬁ < Yij < o/(a:i + $j> + ﬁ/

2 e{0,1},i=1,2,.,N
Yij € {0,1}, i,jz 1,2,...,N,(i<j)

00000000(,8)0 (o, 8)0

(0<2a+8<1,
a+ <0,

| s<0
(20/ + 8 > 1,
0<a +p <1,
\ 0<p <1.

(3.7)

(3.8)

00000000029y +950)%; = g22; 00000000 4,0 0-10000 00 Dy,; # a2
(000 y; =1,2;,=1,2;,=0)0000000000000000000000000000C
yi; 0 zp; 000000000y, =2; 00000000 340,042, 00000000
0000000 (3.6)00000y,; 000 2z, 0000000000 (34040000000
(x5, 2,5:;) = (1,1,1),(1,0,0), (0,1,0),(0,0,0) 000000 (3.7)00 (3.8) 0000000 (3.7)
00 (3.8)00000y; =22; 0000000000000« 0/ 000000000

(0D3.1003200000000000)000DO0O0OO0OODOOO

000000000y, 000000<22+4<1000002/+4>10000000

gboboboooogn

2.2, =1x; =00000 2 =02; =100000 34)0a+p<y; <o+ 00
OOxz; =00000y; =0000000000y, 00000 a+8<000000

0<d+p' <100000000C00O0O00O0O0O0OO0O

3. 4, =2;=000000 34)0B<y; <f 00002, =00000y,=000000
0000y, 000008<0000000</<100000000000000000

0030000000000 000/ 00000000310032000000 (O
00000000)00000000000000 (36)0000000y,; 000 2;2; 0000

gobbbooodn
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0,0.5

_ 2a+p=1

O3l ab0p0db00nooooon

N
\
\
\
: 01
N

>

A

0,0.5

= \

a'+f'=1 2a'+p'=1

-11

a'+f=0
0320000000000

3.2 1000000000O0000O000

0-l100000000000000000000D00000000000001([0,1]00000
D00000000000000000000000000000000 1000000000
D00000000000000000000001([0,1)00000000 (340000000
D000000000000000000000000000000000000000000
0000000000000 0000000000000000000000002000000
D0D00D0000000000000000000010200000A; > 00k, >00g12<0
0000 |h] > |he] > |go] DODDD00000D0D0D000000000000 2, =25 =1
Oyio =0000 hy +h 00D0DO0O000[0,1] N [a(r +22) + 8,0 (21 +20) + 4] 00000
O00000 9, 000000 20+6<y,<100000000000000000000
Oz =2, =10y =20+ 000000000000 hy+hy+ 2o+ B)gre O hy + hy OC
D00000D010000000000000 2y =2 =y =1000h +hy+g, 0000
hi+hy+gia <hi+ha+(2a+8)g 00 0000000000000 O0DODOOOOOOOO
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0oo

000000000000000000000000000000000001000000
00000000000000000000-100000000000000000000000
0000000000000000000000000 10000000000 [40][41][42][43]0
0000000000000000000000000000000000000000000
0000000000000000(00000)000000000000000000000
00000000000000000001000000000000000000000000
000000000000000000

0000000 000000000x00000000010000000000000000
000000 L°000 [44].

bbb oobbuoobboobooobooboboobboobobooobboboobbo
00000 1000000000000 oooDoooo0OoDO (DO0)OD 1000 (Do) O
ggobobboobbbboouoooooobobobbbooouooooooobobooo
goobogoobbooboooooobboobbooboouobboobboooon
gogobobbbbuodooooooobbbbobbbbobodooooooooobboboon
guobodbdobdbdy; 000dbdidy,; 000000000000

gobb oboobbuoobbuoobbooobobboobbobl1bbboobboobba
O0000000o0o0o0o0oooDoonD 33)0000 (34 0000Doo0O0UOoDooOoog
gobboogoobobooogbobod

O00000000000000000000330400000600000000 (M =4,N =
6)0 1000000000000 000000DO0ODOO0. 000000 h=(0,0,0,0,16,5),

00 2 —-16 —10 20
0 2 14 8 —12
* 0 -6 6 12
G —
¥k ok 0 20 —16
ko ok sk % ES O

gooo

00000 (D00000O0)D 100000000000000 L°=69000000000
U=88600000

00001 (0000) oo0o000o0o0DO0oOoOoOoOO0oOoOoOOooOoOOOOODODOODODOOO0
LO000000 (x,Y)0OOOOO0OOOO0OO0O0ooooooooOoOooooooooooo
obogz20000
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[69, 88. 61°
y15=y51=0

y15=y51=1
(69, 82. 61"

x1=0 y24=y42=1
(69, 81. 6] (69, 651°
y13=y31=0
(69, 741° [69, 74. 21°
y26=y62=0, y26=y62=1
y23=y32=0 O (69,671

[69, 73] R [FE5f7 T herz]®

y25=y52=0
(69, 6912

y25=y52=1
Q [FEfTaaemm] !

033: 00000200 [D0O0O0L,00UPPEEEE oo0o00000000ooooooo
gobbod.ebiuiddidgbuuogoon

00002 (0000000000 0DDOD0ODODOO0O00000000000000DOoOOOQd
goooo

00003 (0ooo):

e kODDDODO (x,Y)!ODODDOOODODOOOODODOOO0ODODOOO0OOODOOOO0O0 10
Ub00O00000wys =a0xs=100000002z,=00000000000000
ggbboobuoooobooo.

e K OODODOD (x,Y))00D0000000000000000U*0UY>L000
0000000 (UF— L)000000000000000001000000000
000000000 120000000002 =69=L00000000000000

e kODDDOOD (x,Y)* 00000000000 UF<LOO0O (000000 3)00
0000000 10000000*>L00(0000004)000000000000
000040000

00004 (0D0OO0OO0)DOODOOO0O0O0OOOOOO0OOCOOOOOO0OODOOOOOOOOO
gbogobobbobooboo1bobon

g33fbugboboboobuogbooobobu1l1bogboobboobuooboooobo
00600000000 200000 L°=6900000000000000000000 160
000000000000000000000 L°=0000000000000000000
gbooobge4dnnbon



24 030 ODO0oogbbb200000000d4d

3.3 Ubuubutuboouotgt

3.3.1 U000

10000000000000000000000000000000000000000(1)1
000000000000000000000000000()00GO00000000000
00000000(3)00000a,8,¢,4000000000000000000000000
000 Lingoll 000000000000 000005000000000000000 Lingoll
000000000000000000000 HP Compaq 8100 Elite SFF PCO OS 0 Windows
70 CPU O Intel(R) Core(TM) i3@2.93GHz, 0000 2.00GBO0 000000000

3.3.2 UOOOOOOOOO

0000000000(1) o,8,¢,4 0000 3.7)00 (38)00000000000000
0000000a=d =058=-064=0000000(2)00000000000000
a=NDOOOO@B)h0g; 0000000000005000000000000000000
0[450(4)G 00000000000 (@O000)(G)0r(G)=20%0000

03400000000000000000000000000000 3400000000
00000 (000000000)0000000 1000000000000000(0)0000
0340000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000 (160000012000000000)0000000000000000
0000000000 0Pmmler00000000Ford Motor 0000000000000 16
000000 (0000)00000000160000000000000000000 1600
0001200000000000000000000000

000000000000000000000000000000000000000000
000000000010°0 (02800)00000000000000

3.3.3 U0GUOUOOODOOOoOO

gdboodboooodgoodooooodooobdoodoodidg; =0000000
gooooooobooooobooo GooboOoooooobooobobooooooo0ooboDboooooDo
oooooOoooooDOoOOO0O00-(G)DOOODODODODOOOO0O0O0OD0OO0O0O0OOODOOOd
00000 r(G)0O0O00ooooooooood

03500000 -(G)000000000000000000O0O0O0OO0OKO00O00O0GOO
O00r-(G)D000000O0O0000O3500000000¢(G)DO0OOODODOOOODOO (D)
O000lo0o000o0oooog (M=10,N=450 160000000000 (M=16,N=120)0O
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10000
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gbobobuoooobobodgd
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== BAB 2000001 144000 )%
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z
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182 { 120,)(,
”
/ 115 e
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01

0.1 »
01 - v SN

4(6)  6(15)  8(28)  10(45) 12(66) 14(91) 16(120) 17(136)

034 000000000000000 (O)

100000

868(7
4542/(
261/
32//
4

1 7
0.1 01 01 ¢/

e —e

10000

1000 24 _
201 >

-
a1 X

100

=== M=16,N=120
10

== M=10,N=45

01

0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%

035 0000(G)000000000000 (O)

2000000000000000O 35000 (G)DODOODOOODODO0ODODOODODODOOOOO
0000000000000 0000000r(G)0000000000O0ODODODO0O00000OO
gbobbuoodobbbooobboooobboooobboooooobbbooobbog
gbobbooobbboooobobooobbuooobbbooobbuooobbooobobog
O000000000000000035000160000000000000 r(G)0O 40%00O
gbgbbodoboobobobobooboobobobboboobobboboobobon
gbobooobooboboobooboboobooboboobobooboobobon
0000000000 (0000000000000 000000000000000000OO
O0000000)Dooooooo00UooOoooDooooOO0OoUoooooooO
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O 3.1: a,6,0,8 00

Q I6] o | B
HEN 1 -1 0.5 0
goo1j1s| -2 0.75| 0
goo2105) -05 10.25]0.5
gd1 |05 -0.7510.75| 0.1
oo 2 1 -1.5 |1 0.25 | 0.6

3.34 o,3,0,400000

0000000 o,p,0/,/0000 (3.7)00 (3.8) 00000000010 000000O0O0O
gboobdbdbodbogbodgbaogobooobodgodb y, 00000000000000400
0000000000 00oooooD o,6,d,/ 0000000000000 0O0O0O00ODOO
goboboogn

a,f,0/,/ 0000 3100000000000 (200)000 (200)0050000000
000000000 s3.6003700000r(G)=20%0000008% 0000000000
5000000000000000360037000000000000ODO(DODOOOOOO

0)00000000000D0O (Ob)Ob0oOO 0360037000000 00OODODODODODODOO
O00000000O00DO (ODDO)0DDO0O0O0OD0O0O0O0OD0O0O0OD0OD0ODODO0000O0O 3.600 1600

000000000000 0O0ODODOOoOOoOoD 4% 0000000000 3700 100000000
O000000oo0o0oOooD % 0000000000000 ooo00ooooooooOd
O0000o000oooooooD o,p,d,p/000000000000DO0DOOOCODO0OOO
000000000 o,p,«,4/00000000000D0D0O0O0O0OCCOCOODOOODOOOOD
gobooobooogd.

3.4 UO0OO

gbobobobooboobob200b00b0bbo0obooboobobboboobg
oooo200000000000GLOO00O00Oo0bO0ooDoooOooDoooOoDboOoOoD
goboboooobbooobobbuooobobu200bobboooobboooobobod
gobobbobbuoooogobbliooooooobboobbboooooo2000b0b0b0ood
gobobobblgoooboobbbodooooobobobbooooobobobooooobobooboboga
000000000000000000000000000 16000000 (120000000
0000)00000000000000000000000000D0 200000000000
4000000)0000D00D0O0000000 (D0O00O0O0DODOODOOOOOODODODOODOO
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1000
——i
o —m-EFE1
i B2 /
it —=A5F1 ’
—te=A1EB2

400

200

0 '—. T . I+I . T T T 1
4(6) 6(15) 8(28) 10(45) 12(66) 14(91)  16(120)

0360000000000 (r(G)=20%)

1000 =

——iE0
- F7i81 }

800
- 5752 /

con == f
- //f

400 / .‘

200

0 s T = T T T T ]

4(6) 6(15) 8(28) 10(45) 12(66) 14(91) 16(120)
0370000000000 (r(G) =80%)

16000000)00000000000000000000000000000000000
000000GO000000000000000Noo00O

000000000000000000 00000 ¢,0000000001000000
000000000000000000000000A;,g,;0000 p,000 EO000O0C,00
0000 hy = hi(pi, Bi, C) O gy = gi;(pi, Bi, Cispy, E;,C;) 00000000000000000
0000000000000000000000000000000000000000000
000000000 (000000)000000000000000000000000000
0000000000000 000000000
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40 UOUOUOOOOOOOOOODODODOO
Jodduoon

0000000000000000000 (00000 M=160000000000 N =120)
D000000000000000000000000000(000 M =100,N =4950)00
00000000 NDOODODODODOOOOOO0O000000000 (22)00000000000
00000000000NPOOOO0O0O0O000000O

NPOOOOOO0O0000000000 (22)000000x000000 O(N)00000
00 TR(x)0000000000 TR(x)000000000000000000000000
D000000000000000000000000 O2YM)000000000000000
000000000000000000000000000000000000000000

0000000000000000000000000000000000000000 (Mean
Field Approximation, MFA)J O OO00000 00 [46][47)[48)[49)0 0000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000000000000000000000000000

000000000000000100000000000000000000000000
0002000000000000000000000000000000300000000
000NPOOOOOOOOO40003000000000000000000000000C
500000000000

4.1 0OO0O0O0OOOOOOOOO0O

0000000 7TROODOOOOOOOOOOOOOOOOOOOOOONODOONODOONOOQO
0000000 (370000000000000000000000000MO00000000
0000000 N=YVpnpooo00000000000 gr=1,2,---,M00000
0000000000000 4100000002000000 »,v010000000000 S,
00000000000 (coupled) 00 0000000000000000 (decoupled) D000
0 (41)0000000 8 =-10000000 8, =100000

-1 led
S, — couple (4.1)
1 decoupled
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041: 00000000000 (0DO0O0O0OODO)

if J

042 00000000000

0410000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
000 (single cost) 00 (42)0 000000000000

d Si=-1

00004¢000000000:00000000000004,>0000000000000

00000000000000000000000000000000000000000d;<0
0000000000000000000000000000000000000000000
00000 S e{+1}00000000004 =000000000000000400000
0000000000000000000000000000000000000000000
000000000000000000000000000000000 (correlation cost) 0 O
(43)000000000

J;  Si#8,

4.3
—Jij SZ = Sj ( )

—JZ]SzSJ:{
ooooJy;0b00000000:0yj0000000000000000J;;>0000000
0000000 ,;0000000000 (58;=-1)0000000 (5;5;,=1)0000080
00000000000000D00000D00+¢0 ;000000000 (S;5;=1)00000
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00 (S;8;,=—-1)000000000000000004200000000040 j00000
0000000—4,5,0 —d;5,0000000000000+¢:0;000000 (single cost) 00O
00—-J;55,000000000:0,;0000000 (correlation cost) 0 000

oo02000000000000000000000 J;04,000000000000A0
gobbbboodgd.0yoooobbbbouoooobbbbuooooobobbbood
gooboooooooobooooooon J;<o0bboooooooodooJ;=000000
oood:0 ;0000000000 000O0O0000OO00O00OO000O00000 J;44d,;
ooooooooooooOoOoOOOOoOoooooD J;oq,00000000000000J;0
O000000ooooooooooooooooooobooooooooon J;d4q,000
gbobbuoogbboogobbooobbbuooobbooobbooobobbuooobbog
ooboooooooooo J;0400000000000000000000DOO0O0O0OOO
gobboogobbbooobbobooon

0000J,;04000000000000 #H(S)DO 44000000000

N N
HS) ==Y diSi—> Ji;S:S,
=1

i>]

1
:«—dTS-isTJS (4.4)

goooooooJoboooood J,; =J;,0d0bo0oooogooooon.0o0o0a00
gobooboobobb Jg,=00000TDOODODOODOODOODOODbDOODbOODbOOD
O000000000000000000 450000000 S*00000OOOOOOOO0

S*  =arg msin H(S) (4.5)

O0OVA>000000SO00000 BeROOOOO (4.5)0 argming {AH(S)+ B} 00
000000000000000000000000000S;=-1000000d4d,00000
00000000000000 S =1000000d4d'0000000000000000 (4.6)
000000000000000

—d;S =
—d! S;=1
d—d  d+d

00000000 540000008 =-105=1000000004=%%0000

O00000000ooooDoo @nHooooooooooooooo

J. S #S;
—Jij i = 9]

J— Tl J T
=S, (4.7)
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noo 22 0pooooS =-10 S;=100000000 J,; =2 gooooooo

(46)0 47OOODODDDODOOOOOOODODOJOODODODOOOOOOODODOODOOOOOO
000 J'000Jo00o0ooooooooooogo

gboobobobuoobobbobboboobo4300440000

043 00000000000000O0O

%SI
J y ! \jmsn
S k '::

./ iI‘S | ,."': ‘IlmSm
5 / 5 m

T

IS
S

n

044 0000000000000 O0ODOOO0

04300 44000000000000000DO:0D0ODOODODODODOODODODO
O0qUb0b0db0b43000000000000OOO0oOObOO0ObOObOOoOO:0jOoD0OO
oooooooooooooooobooobooono g, =0000000S5 00000000000
00 ¢O0000000000000O000000000O00DO 48)0oOooood

S = { (4.8)

’ 1 otherwise

00008 =sgn(d)0p>0000sgn(x) 00 100000000000 sgn(p)00 000
00000J; =0000000 (44)0 H(S)O H(S) = - diSi = —dyS, — 3N, d;S; 00
0000000000000000000%(S)=—-4.5 +(50000000)0000000
0D0000000000000 $, 00000000004, 0000000000000000
0010000000000:0000000 0O(N)0DO00000000000000
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(4, »di=d+ Y Tym; ]

LS
Ay
3
4
/

J ,,(5/' i J inSn
S, S

jl/SI ','/ jlmsm
5I Sm

045 000000000

0000000000000 00000000000000000 J,;#000000 (4.4)0
H(S) = —(dh + X, 4;5)S +($0000000)000000000000
‘yz{—1¢+2mm%$<a (4.9)

i .
1 otherwise,

DDDDS;:sgn(dﬁ—zj(#)Jiij)DDDDDDDDDDDDDDDD S;05;,000000
oooooos,00b ¢, 0000b0b0boboboooobonon Zj(#)JiijDDDDDDDD
0000000000000000000000000000000000000000 0(2Y)
oooooobOoOoobooOooboOoboboOooooooooooooDMFADODODODOODOOODOO
gooo

4.2 0OJ0O000O0OO0OOO0OOO0OO0

4.2.1 000000000 (Statistical Mechanical Approach)

00000000000000000000000000000000000000000
O00000000000000000000000 (Probability Theory) 00000000
000000000000000000S ={5,---,5}Y 000000S00000000
00 PS)0000000D0O0000O00 HS)DDODOO1 =3 PS)00000000
E=>4PO)H(S)DDDOO0O000D0D00000D00O0DDO (Lagrange multiplier method) O O
0000000000 LO L=-3¢gP(S)logP(S)+A(1—>YgP(S))+B(E—>gP(S)YH(S))
DDDDDDDDDDP@L&ADDDDDDLDDDDDDagézOgéza%:JMDD
0000000000 PS)=<2?0000000000000000 4000000000
0000 0000000000000 700000000 [50)(51]52]08=4+00000008
00000000000000000000000000000000 Z=>Y4e000

gobboboododn ZSDDDDD(2ND)DDDDDDDDDDDDDDDDDDDDD
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4.2.2 000 (Optimization)

S,00000mO00000000m=YP(S)S;000040000000000000
m={my, - ,my}’ eRNO00D00 S 0000000000000000000004=1,2,30

e PHi

O0000oo0ooooooooooooog B:WDDDle—logl,’ng—logZHg:
—10g3DDDDDDDDDDDDDDDDDT%ODDDDDBz%—)ooDDDD
1 =3
P = (4.10)
0 otherwise

0000000008 —00c0000003000 Py=55 —» 1000000000000
0000102000 Py = ggbs 2 0,2 = 72 » 00000000000000000

Hi>H.>H; 00D O0OO0 300000000000 0O00O0O00OOO0

1 S = argming H(S
P(S) = gmins #(S) (4.11)

0 otherwise
DDDDDDDDDDDDDDDDDDDDDDB—)OODDDDDDDDDm:{ml,---,mN}TG
RNOODODO S*00000O00O0oOoooooon
DDDD(4.4)DDDDDDDD
oF
od;
DDDDDDDDDDDDDDDDDDDDDDDDDDDDD(Helmholtzfreeenergy)DDD
oo F0O

m; =

(4.12)

1
F = —ElogZ (4.13)

000 (300000000 g= Y6 1 D sou  Dseen J00000000000000
000000000000 Z(8) =Yee?® 000000000 J,000000000000
D00D00NDODODODOOOO oY) 000000000000 NPOOOODOO0O0O0O0O000
0 P(S)0000000000000 (S)0(SS;)00000000000000000000
00000000
00000SO00000 S 00000000000000000000000000000
400000 KOOOOOOOOOOOOO0OO0O0O0O0000 kDD000000000000
00000000000000kD0D0S,000

1

H = 1+ exp (— Zfil JiS; — dk>

(4.14)

gbooloodl—-p0000O0D0O00O0O0OO0ODOOO
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000000000000000000000005,000 K—-100000 Siexe000
0000000 S=1000000000 p(Sk = 1|Sicx\x Jii, d) O O

p(Sk = 1, Sicr\i| Jkis di)
P(Sk =1, Sicr\ik| Jris die) + p(Sk = 0, Sic i\ | Jri» die)
1

P(Sk=0,Sicr\&| ki,dk)
p(Sk=1,Sier\k| ki dk)

p(Sk = 1[Sick\ks Jri d.)

= (4.15)
1+

goboboood

p(Sk =0, SieK\k’th dy,)
p(Sk = 1, Sier\k| i, di.)

exp (H (p(Sk =1, Sicrvkl Jkis di)) — H (p(Sk = 0, Sicrvil ki di)) )

K
= exXp (— Z szSz - dk> (416)
=1

000000p(Sk=1Sicxvr Jiidi) = P00 0D
00000000000 (Markov Process) 00000000000 000000000000
00 A,0000000000C0000C0C0000000000000000000000000
0000000000000000000000000000000000000000000
00000000 (S)0(Ss,)000000000000000000000000000

4.2.3 00000 (Mean Field Approximation)

00000s085,00000000000000000000000000000000
O0000 [53000000000000000000000000000000000000
000 45000000000000000000000000:000000000 m; = (S;)
0000000000000400000000004,000000000000000000
j0000000 Jy;S,0(000 f—=0000068S=S-mO000000J,;8;0 Jym; 0000
00)ooo Yy, Jym0000000

N
JFi
0000000ooono 44 000ooooo
1
H(S) ~ —ST (d + Jm) + §mTJm (4.18)

0000000000000 0000 4.®8)0000o00O0000oooooooooooooo
000000000 700 (4.19900000000000000000

N
log Z ~ Z log (2 cosh

i=1

2

- 8
5¢+5§:Lﬂ%]>——nfjm (4.19)

=1
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0000006, =Bd;+BY N, Jym; D00 g 4, e%S =% +e7% = 2coshf; 0000000
0000000000000000 m;00

N
j=1

000000000000000 OoRM)D0 oO(N)ODDODODODoOOooooo.
gbbodgbobobbuodobbodobbodobbodobbodbboobbooboboobo

gbogooooboogn
1oMmMoOoOgoooobooobooboo
2000 2000000000DO0DOO0ODOODOODLYO e=1,---,NODODODO
sjooooobooob+«:b0o0oouo ¢, 000oono g, 000000
A00000O0bO0o0oboooooobobbooéé>0o0nboOonDO
5 00000m!=000000¢t=0000000

00001 0mtoooog

N
m§+1 = tanh (ﬁdl + ﬁ Z me§>

J=1

goboogd

D000 2 A=Y |m*' —mi000000¢t—t+10A>6000000 1000000
0000000000000 30000

gobb3d3bbougobobbouooobbbouooobbn

4.3 0O0OOO

4.3.1 0O0O0OOOODDODM=400 M =7040dnd

dddddgoogoooooooooboooboboboboboobobobbooboobbobooon
goboobob M =4000000000000 N=60D00O0O0D0DOM=7000000
0000000 N=21000000000000000002°=6400 22 =2097152000
gbobbuoodgbbboooobbooobbboobbbuooobobbooobboooobog
oobq 000000 J;00000000000000000000000O0DOOOOOOO
gbobbooobbbooobboooboooobbooobbbuoooboboooboboa
gobobooobbbooobobbuooobbooobobobooobbuooobboooboboba
guobobobodgbooboboobuogboboboboobobboboobobobobodoba
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00000000000000100000000000000000001000000000
00000000000000000000

00000000000000000dO00000JO000000000000000000
0000000000000 SO000x=000062=100000000000000000
0 NOOOOOOOOOOOOO0O0O0O0 J;000000000004,000000(1)000
00000000000000000 J,;000 4=000002=1000000000000
0000000000000000000000000000000000000000000
000000000000000000-000000 (Box-Muller transform) 00000000
04500000 -000000000000 N(uwe?)0OOOOO 000000000 (4.21)

n=p+ oy —2log X sin(27Y) (4.21)
00000 (4.22)
n=p+ o/ —2log X cos(21Y’) (4.22)

D0000000XOYO Ojooooooooooooo

0000 -00000000002000000000000d00000JO00000O0O0O0
20000 00000000000000000000000000000000000000OO
00000000000000 gy =+m?S Oghera = 2M7S* 00

m’S*
COS 9 = W (423)

00000000 S  ={S;,---,5%} e{£1}"000000000000000M = {M,---,My}"
e{+1} 0000000000 (hard decision solution) D 00 00 00 M; =sgn(m;) 00000
0000000000 :00000 (hard decision solution)M; 00 (4.20) 000 OO (soft decision
solution)m, 0000000000000 00000 (423)0000 60 S*0mO000 (angle)
D000000OOcosd 000000000000 0000OOcosf=10000000
00000000000 0000000000 e 0000000000000O0O0D00O0O,

N
1 (S* - Mz)Q 1+ dhard
P.o—1— ~ i - 4.24
NZ; 4 2 (4.24)

0oO0ooo0ooO

0000000 M=4000000000N=6000000000M=70000000
O0N=2100000000000000qeuOghere D cosd 000000460000000
0A000000000000000000000 geoptrerdd cosf 000000001000
00000000000 A000000000 gueD00000 M;=sgn(m;)01000000
0000000000000000000000000000000000000000000
D0000000000000000000 MOOOO epMrers,cos0 400000 4100
4200 43000000000
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0.2 - —

046 0000000 M=4000000000N=6000000000M=70000
00000 N=210000000000000040000000 gepOghera, cosf 0000

041: 000 MOOOO g0 000

Gsopt | B=01|5=05|8=10]8=20|8=50
0.068 | 0.399 | 0.701 | 0.882 | 0.961
0.066 | 0.403 | 0.717 | 0.893 | 0.969
0.065 | 0.403 | 0.724 | 0.903 | 0.973
0.064 | 0401 | 0.726 | 0.908 | 0.976

SERSERSIES
]

4.3.2 00O (Homogeneous) [

0D000000d; >0,J;>0000000000000 §=1000000000.000
000 S, =5,=108=5,=-10000205=1,5,=-105=-1,5,=100000
000 (00000)00000#(S)000000000000000000

m = tanh (8d + SJm) (4.25)

000000000000000000000000000000000m;=m0m=+Y"N m,
oooo

M =100,N =49500000d,=1,J;; =+ 000000000 4700000000 400
00000m=+YY m000030000000m=+3Y m01000000000
00000Om=10000000000mO0m=10000000000000000000
00000 Sy=10000000000
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042000 MO000 gueeD 4000

Ghara | B=01]8=05|8=10|8=20|8=50

4] 0644 | 0812 | 0924 | 0981 | 0.998
M=5| 0624 | 0.793 | 0921 | 0.978 | 0.998
M=6| 0607 | 0.777 | 0911 | 0.978 | 0.997
M=7] 0502 | 0.764 | 0.904 | 0.978 | 0.998

043: 000 MOOODOcosfO pOOO

Gsope | B=01|5=05|8=10]8=20|8=50
M=4| 0689 | 0811 | 0.909 | 0.967 | 0.989
M=5| 0666 | 0801 | 0.912 | 0.969 | 0.992
M=6| 0652 | 0.792 | 0.909 | 0.972 | 0.993
M=7| 0640 | 0.786 | 0.908 | 0.973 | 0.994

4.3.3 UUODOOOOO M=1000000

000000000 M=100,N=4950000000000000000000000000
02V ~125x104°00000000000000000000000 O(N?)0000000
0000000000000000000000000 d; ~N(0,1)0J; ~N(0,2)00000
000000000 3000000 geMrerg,cos 00000000000000000000
000000000000mO00000 P(m)0000000000000000

B=0.1

A~00000000000 (4200000 m; ~00000000 480 m00000 P(my)
00000 p=00?=001000000000000000000tanhf~000000000
m~pAd+/mO00000m~ (1+8J+p*J*+---),d~pad+0(B*) 000000000 my
00000 p=0@?=p3200000000000

B =05

04900000000m 00000 P(m)0 20000000000 P(m;) ~ (0.552 +
0.228m2 + 0.670m? — 1.541mf)e 02" 000000000004 =010000 8=05000
0000000000000000000000000000000000000m;=0000
000000000000000000 P(m) 00490000000
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0.8 —

0.4 -

0.2 = -

O
ut
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—
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N
N
ut
o8}
o8]
ut
N
N
ot
C:l

047 0000000 M=100,000000000 N=495000000000000004
0000000m=+>" mO0000

048 =01000m 00000 P(my)

B=1.0,=200 =50
041008 = 1.0, = 200 f = 50000 mO00000 P(m) 000004000
D[]D[]Dlhnﬂ%mtmﬂﬂﬁu)::sgnQO[][]D[]D7ni::hnwﬁmﬂanh<6¢—%ﬁ§:ﬁﬂjﬁn%> -

S@(@+Zﬁv%m»DDDDDDDDDDDDDDDWDDDDD44D—IDDDDDDD
afululululs

4.3.4 00O

O0000000000000000000b0b000¢;000000000000000A0 J3
gboo20000b000b000bbooobuogbobobooobooboobboosbonoobgd
gobbooobbboobbbooobboooobobooobboboobboboooobobo
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0.6 — | — T
0.5 _
04 ¢ L
P(ml) L

03 h -
0.2 -
0.1

0 Il 1l Il

1 0.5 0 5 1

m;

0 49: =05000 m;00000 P(my)

100 g | | | 3
10l g =10
. = 5.0
P(ffly,)l o /6 —=2.0 B/ --_:

0.1 fR| T
0.01 L |
0.001 ki

0 4.10: B=1.0,4=20,4=50000 mO00000 P(m,)

Ut

1l
0 0.
m

gboogog

N N N
=1 1>] i>5>k
00000000000000000000 rjz=ra4;=--=m;0300000000000
Oo0000000000J;,000000000 ry4;=mr;x=---=00000000000 Zi>j>k
O000:>;>k0000000000000000000000000O00O0O0O (425000

000 S0000 m;00

m; = tanh(3d;), (4.27)
N 1 N N
A
di =d; + ; Jijmj + 5 ; ; TijE1 My (428)

gbooboobooboob
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4.4 0OUOO

0000000000000000000000000000000000000000000
20000000000000000(@000000M=1000000000000 N = 4950)
000000000000000000000000000:000000000 m; =(S;) =
S P(8)S,0000000000:0000000000¢,00000000000000000
000000000 Jym;000 YY, J;m0000000000000000000000
000 0@V IDON?)0000000000000000300000000000000
000000000()00D0O000MOO00M=4~70000000040000000
0000000000000000000000000000000000000(Mb) 0000
00000000 (4200000 (425) 0000000 (4.25)0000m00000000000
00000000()00000000000 M=1000000000000 N=49500000
000000000000000000000 40000 mO00000 P(m;)0000000
0000000000000000

U 41l gdggpoobouooobbbooogobobboooobobooboa

O00000oooo0oU00ooobD 400000 0DDoOO0 NODODOODODO g0 WD
gogogogn JijDDDDDDDDDDDDDDDDDN—{—WDDDDDDD SOoooono
00 HS)DODODDOO0OO0O0000000000 200 (least squares method) 0000 d; O J;;
gdoddooooooobobbbbbbbuobbobbbboooooooooouog
gbobooooobobooobobobouoobOoboobooboboobooobobnooe; 00
odo J;000000000b0o00boogoooboooooooooogoogoodon
g411b00dboobdoobboobboooboobuooygybobobboobboobboobo
O0000oooboobOoooooooooobD«w000D0000000 pODOODOODOO0OOO
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gooboobbod2o0goobbobobboogoooonobooboooooobobooo
gobboooogoboboooobo
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st bbbttt
Jdduoboboobooggdtd
L] [

goobobbooooooboboboo200b0bbbbooooobbbbooooobLbo
0000000000000 0 (D00o0oob0)0ooDOoO0000D00DOo00ooooooooo
ggdodooooooobbbbobbbbbuobobobobbbbbbbooooooooouoa
00000000000 Greedy Randomized Adaptive Search Procedure (GRASP)D O OO OO
gbooboobon

0000000 (Iterated Local Search) 0 00 00000 (Variable Neighborhood Search) O
O000000000000000000000 [Bs)b6]. 0000000000000 0D0O0OOO
O0000,000(00000000000D)00D0C0000O0OOD 10000O0oDOoOg,d
ggooobobbooooodoooobbboooob. oo bbbboooooo
ggdddoodoooooooobobbbbobobbbbbbbbooooooooogoo
goobooooboboooobbboooboboboo200bbbooobbboouobbobg
0000000 (One-Bit-Variant Neighborhood Algorithm) 000000000000 0O00O0O
gogooooood

gogoobbboooooboboblioooooobob20b0b0bboooobbbuoooo
go20001ggoooooobobobbbbbobbobo3sbbbboboobbbooogoa
BABOOOODOODODODOOOODODODOODODODOOODODOO GAODODODOODOOoODOoDOobDOoO
goobobooooobobbuoooobbboooobbuo4000bbbbbooobo

5.1 OUO0OO0O20000000000000

0000000000 2000000000000000D000ODODOOOO H(S)ODOODOO
20000000 (22)~0 (25)00000000000000O0O00O0O0O0O0 ;0 w; 0000
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gobbbooobobbuoooobobuooo20bboboooobon

N N N
Max TR(w) = Z Z w;gi;W; + Z hiw; (5.1)
i=1 j=1 i=1
N
s.t. OSZU% <a,a<N (5.2)
i=1
w; ={0,1},i=1,2,..,N (5.3)

0000000000000000000000wOO00000wO00000000000

00000000000000000000 TR(w)O TR(w)DO0O0OO0000OTR(w) < TR(w)
0000000000 wWO00000000000000000000000000000 TR(w)
00000000000000000O0RY)00000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000100000

ot 1

00000 20000000000TRw)OOODO

N N N
=1

i=1 j=1
= (hwy + gnwiwy + -+ + grswswy + - - + GINWNWY)

+. ..
= (hsws + gs1W1Wg + -+ JssWsWg + -+ gstNws)
+. ..

= (hywy + gnviwiwy + -+ + gysWswy + -+ -+ + gNNWNWN) (5.4)
goooooooog

1. 0sO0000000000 r,000000
N
Ts:hsws+zgsjijs (55)
J#s
gooooono

2. 0sUO0000000O00O0 c, 000000
N
Cszzgjswswj (5-6)
J#s
goooodgo
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00000 r00000000000000 sO00000 (Prior knowledge)pk, O O

pks =Ts+ Cs
N N
= hs + ngjwj + Z gjsWj (57)
is is

Oooooobobobpk, 000000000 0ODO0ODODOOOOOODOODODODO

HEN

0 (5.4)000000300000000000000000000000sO00000000
0000s00010000000 haw,0 (N-1)0000000 gywuw,(00000000 s
0000000000 ;000000000)000000000000000000 s000
(N-1)0000000 gwaw, (00000000 ;0000000000 s00000000
0)0000000000s00000000000000000000 s0000000U,O
00000000 O000O00o0

00000000 s00000 w,0 w, »w, 0000000000 w={w,-,ws, -wy}
0000000000 W = {w, - ,w, --wy}000000 TR(w)O TR(w) 000000
000000000000 s000s000 (2N-1)000000000000000000
U,0000 TR(w)O TR(w)00000000000000000000000000000
0000000000000 (5.7)0000000000000 s00000 pk,000000
00000000000 00000000000000000000000000000000
w={w, - ,w,--wy}0000000000 W = {wy, - ,w,-—wy} 000000000
0000000000 TR(w)O TR(wW)OOOODOO0OO pk, 000000000000
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b1

000 w={wy, - ,ws,--wy} 0000000000 w ={wy, - ,w,---wy} 00000
0o00o0oo0o0od ATR,O0D0DODO
TR(w) = rs(ws) + cs(ws) + Us (5.8)
TR(W.) = rs(w.) + cs(wl) + U (5.9)
ATR, =TR(w.) — TR(w)
= (rs(wy) — 7s(ws)) + (es(wy) — cs(ws)) + (Us = Uy)
N N
= (hs + ngjwj> (W, —ws) + Y gyaw; (w}, — wy)
s i#s
N
= (hs + Z(QSJ' + ng)wj> (wy — ws) (5.10)
j#s
DDDDDDDD@ﬂnDDDD<m+zﬁ$M+%g%>DDDDDDDDp@DDDD

g

0 (5.8)00 (5.9)0 0000000 wdw,00000000000 (510000000000
DsO000w,—w,00000000 ATR,00000000000000000000i00
00000 (w,=1)0000000000000000000000:000000 (w,=0)0
000000

we=1—w, = (5.11)
wh —w, = —1 (5.12)

guooooooobobon
ATR, = pky(w, — w) (5.13)

O00000Opk, <O0ODO0ODOODOO ATR,>000000000000000O0DO00O0DOODOODO
gbooboooboobuoobuooboobooboobuoobUg phksbO00bO0O0ObO0ODOn
000000000 ON)(N—-100r,0000 N-100 00000010000 hODO
O02N-100000)000000oooo

g 2

O00000000000/00000pk,00000000000000 PK = {pky,--- ,pks, - pkn}
gboobobooobooboobd p; 000000 0O0DODOD:00Db0OD00O0opOO
gbbobogbobodeptbboobtogobboobogbboobboobbbbuoobba
gobbbouoooobboo
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o 2

O0000ooo0o0oooo 1000000 w={1,1,---,1}000000000O00O00O0O0O
O0o0ooobobobobpk, 00000000 0ODO:0D00D0O00pUODOODODOOOO

Min (pk; < 0) = pkop (5.14)

Wep — W, (5.15)

000000 op00 we —w, 000000

EEN

0010000000000 NOOOOOOOOOOOOO PK = {pky,---,pki,-- pky} O
000000000000000 w,=1,pk;<0000w;:1—00000000000000
O0TR(w)00000000000 —pk, 0000000000

5.2 0000000 (One-Bit-Variant Neighborhood Algo-
rithm)

gobobogoobobbobbooobbboooboboooobbboooobbboooobo
100ow'=4{1,1,---,1}0000000000000COOOOOOOOODOO0O0 pk,0ODOO
gbbobboepudibibbildbwpbdboobodbubuobbuoobbuoabbd
00 -pk,,0000000000000D00O00OOOOOOOOOOORY)D0ON*)OO
gobbobooooobbbooodgbobobooooboboooobobobod

0Doo0o 000000
I0MO00000000000000
200020000000000000000000000i=1,---,NOOOOO
3000000000i000000AO00000g,000000
A0000000001000000w'={1,1,---,1}000000000 k=00000
0o
5000000000000 PK® = {pk%,--- ,pk?,--- ,pk%} 000000000 TR(W)
0Dooooo

gobb100000bobbooooobbogd

N
M—ngwigN
=1

gobobogd
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oooo2000pk00000DO0OOO:0000O

Min (pkf < 0) — pki, Ok — k+ 1

00003 0wk, O

D000000o0Dooon
TR(w") = TR(W"™") — pki
oooood

00004 pkf>0,eNODOODDDOOODOODDOOODOODOODOODOOOOOOO 100
goooogo

5.3 U4

53.1 0000000 M=5,10,1b00000000

000000 M=5,10,15000000000000000 YALMIPOOOOOOOOOO
0000 BABOOOOOOOOOODOOOOODOOOOODOOOOOOOOD 1000000
0000000000000000000000000 GADO COOOOO0O03000000
000000000 GADDOODOOODO050000000050000

00000000000000000000000000 ,,00000g;00000000
0000000000000000000000000000000000000000000
0000000000 /00000 h~N(0,500000000000000¢,00000
D0000000000000000000000000000000000000 ¢,000
0003000000000 gy~ N(=7,5),9;; ~ N(=5,5),9;; ~ N(=5,6) 000000000
0 GO0O0000 (Low)/0 (Moderate)/0 (High) 000 O0000O00000000O0GOOOO
0000000000000000000000001000000000000000000
0000000000000000000000000000000000000000000
000000000000GOO0O00000001000000000000000000000
000000000000 0000000000000000000000000000000
0000000000000000G~N(-7,5000000000 100000000000
00000 NO50%00000000000000000000G~N(=550000000
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00 10000000000000000 NOB%~8%0000000000000000
O00G~N(-5,6)00000000010000000000000000NDO %0000
goboobooodon

O0o0ob00 M=10000001000000000000000 510520530000
gobbooogbbbuoooobbbuoon

0 51: 000G~ N(=5,6)00000

M=15(N=105) |000 |D0O00O0O0OO ERN
BAB - - 10000s
GA 100% - 8s
1bitVN 100% 0.0 0.005
052 000G~N(=5500000
M=15(N=105) |000 |0D0O0O0O0O0OO g
BAB - - 10000s
GA 100% - 8s
1bitVN 10% 1.5 0.005
053 000G~N(-7,5)00000
M=15(N=105) |000 (O000O0ODOO HEN
BAB - - 10000s
GA 20% 11.1 8s
1bitVN 20% 2.7 0.005

subbobobobobooboobboobboobobobuoobbobbobbobobooba
0000000000000 001itVNOOOOOO0O00O000O000000 G~ N(-5,6)0
0000000000000000000000000O000DOO0O0ODO0O00O0O G~ N(-5,5)
00000000000GAD 100%000000000000000 1bitVNO 10%00000
OO0000oo0ooooooooooooooboobooooooboooooooomitvyNoDono
0000000000000 000000000000DO000oooDOoooooOoO (1.5%)00
000000000000 G~ N(-7,5)0000GAOO0OODO 1bitVNO 20%0000000
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O000000000ooooooooooooooomitvyNooooooooooogoooo
gobobooon

5.3.2 UUUU0OU0O0O M=2540000000000

gbooobod M=2540,N =300,7800 0000000000 0O0DOO0OODOOODOO
OO0 GAOOOUODOOODOODOODODOOObs105205300GOOOOOOOOIOODODO
OoboboOoTROODDOOOOOODOOOOOODDOOODOOO M=5,10,15,25,40000000
Oo0ooOoobOTROOOOOODOOM=0000000000000DO00O0D0O BABOO
Ooo0ooOoO00opboo0o0bO0o0oooDooo0obDbo0ooboooOoOoBABOGADDODOODO
gobboboooobbbooogboboooobboboooobo

303683

0.9%
——— BNB

e G A
one-bit
45783

40

051: 000G~N(=5,6)0000000

30966
— BN B 1.4%
—p— G A

e ON €-b1t

612.8

0 52: 000 G~N(=5,5)0000000

O051000000000000000D00O000BABOGAOODOOOODOOOOOOO
gbobbooobbboooobbooobbooobobbooobbbooobbooobba
5200000000000 0DO0OLOO0ODO0OLD BABO GAODOOODOODOoOooOOobDoOOoDOo
Oooooooooooooooboobooboo0oooobDooboDbbOOo0oOooODObO0OOOGA
gb2c00000000000000O00OO0DO0ODODODOODOOODOODOODDOODOO0
gobboooggbbboas3bbbuouugbbobuoooobbbuognobobog
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1624
3.2%

1142
5 12:3%
6%

5 10 15 25 40

053 000G~N(-7,5)0000000

5.3.3 UUUUUOUOM=70,100000D00O0O0O40

000000 M=70,N=2415000000000GAOO0DOOO 1s000000DO00O0O
gbobboobooooboogoooogoboogs8sigobooogobooooboooboobooad
O0D0000o0ob0o M=100,N =49500 0000000000 GADODODODODbOoooooo
0000000000030 00000000000000D0O0DO000O00O(MN)GOUOOOOO
gbobobobooobooboobobboboobooboobobooboobo 1000
w'={1,1,---,1}0000000000000O0@R)GODO0OO0OOO0OOOOOOOOOOO
gobbooogbbobuoooobboboooobbobuoooobbboooooboon

5.4 00O

000000000020000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
0000000000 0@MD00o(N)0000ooo

000000000 100000002000000000000000000000000
000000000000000000000000000000000000 2000000
000000000000002000000000000000 (5.11)00 (5.12)00000

ATR(wW") = (hs +) (gs + gjs)wj> (Wi — ws)
J#s

+ (hk + Z(gkj + gjk)wj> (w;g — wi) = (ks + gsk) (5.16)
J#k

(W, —ws) = — (w), —wy) (5.17)

gobbod
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el UUUOUOOOOOOOOODODDOUO
Jodduoon

g3dbobbboogoobb2bboog2000bbboooonobbbooooonobon
0000000000000 0000O000OO0O000O00D)000D0DOODOOOOO
gbbbdoodgbbdoobbboooobbooobbbuooobbooobobbooobboo
gbbuogobbboooobbuoodobbbooobbooobbbooobbooobobog
goboboooogn

gbobogobboggbobbuooobbbuooobobboooobobooobobbuooonbo
0000000000000 000000000O0O00D0O0 (bOOooO0)oooooooUoo
gbobbdooobbbooobbboobbbuooobbooobobbooobbooobboo
O000000000000000000 [53]0

gobboooobbboooob1ibboooobbobbuooobbobooobobboooobo
goboboooobobog200bbuoooobboooobboooobbboooobooa
gobo3stogobogoboooboooobboobboobboobbooboboobboo
gboo4b00000000000b000b00bO0o0bOo0obOoobOobbOobbOsubOon
gobboobouooooboo

6.1 ODO0ODO0OODODOODOOODOObOOobObuood

0000 MOOOOOODOODDOOO0O00000000000 MOOOOO0O000000000
0000000000000000000000000000000000000000000
000000000000000N=M(M-1)/200000000000 ROOODOOOO
0D={d.d?...d"} 000000000000

"= (S", K"YOu=1,...R (6.1)
St = (SF, .., )" e {x1}Y (6.2)
Dog st =(s4,-., 5"V e{+)" 000000000 NOOOOOOOOOOOOOOO

O0OK;sODODOO S*O00D0DOODOO0O0OOC=(S* KO p000O0O0O0D0ODODOOOO
O0o0o0o0oOoOo sSt=1000000000+«000000000O00SY=—-1000000
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gobobobbooogbbboooobbbuooobobbboooboboooobo

N 1 N N
HS) == diSi—5 >, > SiJyS, (6.3)
=1

i=1 j(0)
0000000000000000000000004d,J0000000000000000
00000000 A(S)D0000000000000000000000000000 (QFD
0DSM)0O0000000000000000D (0000000)0000000000 (O
00000000)000000000000000000000000S*000000 H(SY)
0000000000 A 0000k =f(+H(S")OD0D0D0DD0D00OO0 000000000
0 K~000000000000000dY,J/*0000000000000000

000000 f(p)000000000000000000000200000000,000
00 Q0000000000 0000000000000010000000000000000
0000000000000 000000000000000000000000000 H(S*)
D0000 K0 p00000000D f,(p)000000000000O0 f(p))D0DO0DODO
0000 [570

W= f <%H (su)> (6.4)
Flp)=>_ falp) (6.5)
fa(§) = Ty e > 0 (6.6)

000 f,(s)0000000000000000 [57)0p00000000007, = o000 f(s)O
D00000000000000000p=10200000000 k* =lim,, o f1 (ZH(S")) €
{0,1}0000000004k*=100000S*0000k=0000000000000p=2
D000k €{0,1,2)0300000000000000 228 = 7 (s)(1— fu(s) <00
00000000 H(S*)DO0O00000000SsS*000000000400000000000
0610 p=2,f(s) = oo T ey 1 = 1,0, =200000000% =7 = 10,20, 00
0000030000000000000000000400000000000000 f(p)0O
000000000000000000000 f(p)0000000000000000000
H(S*)ODOOOODOOOS*0000000000400000000000

0000000000ROOODOOOO0O0O00O0O000000 KA00000000000 &

OoooOoooboOoooocooobobooooDo

R

1 2
C:§§:@ﬂ—K@ (6.7)
pn=1
OoooooQ
arg min, C = (d, J*, 7", 0") (6.8)
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| | | —
gamma=10 ——

gamma=20
15 sl
gammas=infinity ===

05

0 0.5 1 1.5 2 25 3

O 6.1:p=27=7%=10,20,cc00000000 300000000

OO0oooo0ooobooodod,/;00000000000000000 4,,0, 0000000
goooocooogooooooooooocoooogooood,Jooopooooods,Js
0000000000000 d;,Ji4,7,0,00000000000000000

¥ fj (7 ) - 100y s L) 69
= i (F () ~ %)

xS{‘Sf% (6.10)
L YR

) (1= () (6.11)
o Y - KM ()

= £ () (6.12)

D00000000000000000p" = &H(8*), 2562 =37 v fa(p)(fulp)—1)00 00O

0000000000 000000000D00O0O000D00ODDO0000DO000 (OO0
0)0000000000O000o0oooOoCc=000000000 (1ODOD0ODODODOO)OOO
gbobboodobbooobbboooobbuooobboooobbuoogbbooobboo
gboboooboboobobobbob0o rRO0DDODOODODODOOOOODODOO
gobboooobbbda 200000000
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6.2 UUUOUOOUOUooUoogn

6.2.1 UU0O0OOUOOOOOOOO

00000000 (Boltzmann machine) 1000 0000000000000000O000
000000000000000000[400000000000000000000000
0000000000000000000000000000000000000000000
5357000 00000000000000000NOO0O0O R(S)000000 SO ROO
0{S#u=1,2,.,Ri=12.,N000000000SO00000000O

o FH(S)
m&ncpzzw) (6.13)

0RODOO {S#u=1,2,.,Ri=1,2,.,N}OODODOOOO0OO
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