gbooooodgn

obooooOoboooooboboooboOobooooobooooobooboboooboOooon
gooobooboooobobooobooboooooobooo

00000000 X0000X000000000000000000000000000000000000
0 (channel) 1000 00000000000000000000000 (noise) 0000000000000
0000D000000000000000000000000000000000000

000000 X004 (i=1,2,...,|X0|X0000)000 p;000000000000000000000
00000 (X,p)0000000000000000 2,0000000000000Y00y, (Gi=12...,Y)
00000000D00000000 (V,q)00000¢ 0000000y 00000000000000000
;000000000000 00000000000000000 ;0000000 000000000
000000 P(ylz) 00000000000000000000000000000000000
000000000 X,Y000000000000000000000000000000000X ={0,1}0
0Yy={0,1}000000000000000000000000000000000000000000000
0000000000000
000000000000000000000000000 (X,p)00000000 (Y, 0000000 P(y;lz:)
00000000000000000000000 (discrete) 1000000
00000000000000000000«00000000000« 00000000000 00000
00000000000« 00000 «000VO0000b0000000000000000000000
00000 100000000000000000 (memoryless) J00000000000000¢,60000
000¢,¥000000000000000000000000000

P(d',b'|a,b) = P(a'la)P(b'|b)

0000000000000 0000000O000000000O0O000 (discrete memoryless channel) 000
ooooo
0000000000000 0000000DO0O00O00O000Oo

ZP )log P(x;) , H(Y) == P(y;)log P(y;)

J

X, yooooooooo |x,|yjboo0o0o0o0ooo0ooooooooxo00o 100 || oyoooo
100 |(yoO0o0o0o0o0oo0o0ooo0o0ooUoooooUoooo

H(X)Y) ZP (x:,y;)log P(xs,y;)

0,J

H(X|Y) = ZP (xi,y;)log P(x;ly;) , H(Y|X) = ZP x;,y;) log P(y;|z;)

0,J 0,J

ooood

e 1O0ODODO
000000 I[(X;Y)OOOoOooO0oOoOoUoooooooooXoyoooooooooo ooooooo
gooobooooboobobooooboo



P(xlﬁyj)

I(X:Y) = H(X) ~ HX|Y) = H(Y) = HY|X) = }_ P(xi.y;) 108 5550 5

(]
oooobooboooooaoo

P(wi?yj)

8 Bl Ply,)

= log P(x;,y;) — log P(x;) —log P(y;) = I(x:) + I(y:) — I(zi,y;) >0

I(z;,y;) 0000000000000 OO0DOOOO0DOOOOOOOOODOOOOOOOOODOOOOOO
00000000 o0oododooooD0oDo0o0oDooDo0oooDooooOoooooDOooOoooooa
000000000000 00000000000000 (channel capacity) 000000000 O000OO
max 0000

v =max [(X;Y)

max 000000000000000000N(X;Y)>0000000000 (logz (z+£0)000000
000000000000000000 (000 100000000000001)00000000000
00000000000000

0Ooo0000o0

0<I(X;Y) < H(X) (H(X)<H(Y))

0<I(X;Y) < H(Y) (H(Y)< H(X))

oooooooo

y=max[(X;Y) <maxH(X) (H(X)<H(Y))

vy=maxI(X;Y) <maxH(X) (HY)< H(X))
H(X),H(Y)DOOODOOOOOODOOOOOoOOoOo
max H(X) = —X:LlogL = log | X|
X ]
max H(Y) = log ||

god

v <log|X| (H(X) < H(Y))

v <log|y|  (H(Y) < H(X))



e 1OODOOO
00000000000 sO0O0000O0O0OU0ODOO0O0O O00Uoooo

s=aiag---ap , 8 =biby---by

00000 #p;00000000000000 (Hamming distance) 000000000

0001101 , 0000100

000000000200 (000 1000400020)00000000d(s,s)0000000000
000000000000000001000000000000 d(a;,b;)0 a;=>b; 00 00a; #b; 00
1000000

d(s,s") =d(ay,by) + d(az,bs) + -+ d(ay,by)

gooooo
gooobodn w,v,wO0OOD0DOODO

U =ULUg - Unp

V= V1V2 " Up

w = wiwsy - Wy
gbooooooooboboloboboobobooboboooobobbu=w, v=v, w=w 00O

OOu; =v;00 d(up,v)=00000000000000000000000O0w; #v100 d(ug,v)=1
ooo

d(ul,vl) =1 S d(ul,wl) + d(wl,vl)

wy=u 00 w; 01 000 d(ug,wr) +d(wy,v1) =10w #un 00 wy v 0wy =0, 000 10 20
dddddolgdooboboooooobooboooooo b0 oooooob0 oo 10D oOoooo
DDDDD(iV)DDDDDDD

DDDDDDDDDDDDDDDA(U,U)D w, v, 000:00000000000

U=UgUz U0 , UV="U1V2 " UsUgU7UgU9V10



000000000 A(u,v) ={2,3,4,5,7,9,10} 000w O

W = V1UW3V4Ws5 -+ - WgU9UTLQ

00000000A(u,w) = {1,3,4,5,6,7,8}, A(w,v) = {2,3,5,6,7,8,9,100 000000000000
A(u,v) 000 A(u,w) 0 Aw,0) 0000000000000000A(u,0) 000 k0000 A(u, w) O
Aw,v)0 k00000000000

A(u,v) + ug # vk

A(u,w) @ up = wy,

A(w,v) : w = v

0000w, £ug, up =w,, =0, 00000000000000 A(u,v) 000 A(u,w) 0 A(w,v) 000
00000000000 A(u,v) 0000 A(u,w)UA(w,0) 0000000000000 A(u,v) 000
000 A(u,w) UA(w,v) D0000000000000000000000000000000 d(u,v) <
d(u,w) +d(w,v) 00000000000

o JODODODO
000000000000000000000000000000000000000000000 (channel
matrix, channel transition matrix) 0 000000000000000000000O00 P(y,lz;) 000
ooooooorooog

Ly = P(y;|x:)

ooooooooog P(sz,y;) 000

P(y;) = ZP(%%)
P(xi,y5) = P(yjl|zi) P(xi)

goog

> P(xiy;) = Z P(y;lz;) P(;)

i

P(yj) = ZP(%\%)P(IE:)

= 2_TiiP() (1)

0000000000000 P(x;)00 Ply;) DOOOODOOOOODOOODO
ooooor,; =Py l«)0000000000000000O00000O000OT,; =P(yjle;)0000
oooooooooooor,; =Py le) 000000, 0000000000000000000000



00000000000o0O0U00oo0oUOoO0U00O00()ooOOoUoOoOUoDoOOoUoOoOoooooo
oobooboooboooboobooooboooooobooooboooooooobooobooboOoooooog
oooobooogoboon

e n-th extension
D000000000000000100000000000000000000000000000 10
0000000000 00000000000000000000000 100000000000000
000000 nO0000 s=2Wz®@ ... 00 ¢ =yWy@ ...y ogooooooooo0

P(s'|s) = Py |z P(yP 2@ ... P(y™]2™)) = TWTE) ... 70

00000000000 0000000 n-thextensionO0OOOOO
O nthextension 00O OO0000 100000000 »nO000O00000O00O00O0O0On-th extensiond OO
O00o0oo0ooo0 nO0O00O0OO0OO0OO0OO0OOO0O0OOOOOO100000O0

fﬂX):*E:PWDMgPWQ

000020000 0,2 ¥ 00 (DDDDOODi0000O0)000

H(X1,X,) = ZP ) &) log P(zM, ()

gooooooooboooad
H(X)=-)_ P(x)log P(x)

000000000020 z=(2{",2) 000000000000 «0 Y,z 004,;000000

bobooboboOnbOO0O0O0OO0OO0OO0OOCOO0ODOOOODOOOOOO

H(Y|X)= - P(z,y)log P(y|x)

.Y

= S PE®,® 0,5 log P,y 1, 22)

21’ 12’ ]17yJ2 11 72
11,92,71,J2

000000000000 X1, O Xo,YoODOOOOoo

1 2
HY|X)= - > PP 2?4 ) 10g P(y{V|21D)

11,12,J1,J2
1 2 2
— > PP 2Py 10g Py 122

11,12,51,J2

= = > Py oy Nog Pl o)) = 3 P ;) log PGy [22)

11,J1 12,72

= HW1|X1) + H(Y5| X2)



nO0000000
O n-thextention OO OOOOOOOOO

vy=max [(X;Y)

ooooboooobooboooog

I(X;Y)=H(Y)- HY|X)=H(X) - HX|Y)

ooooboooobobooood

H(Y|X) = HOG X)) + - + H(Ya|X,)

gooooon

H(X1, Xo,...,Xn) < H(X1)+H(X2) + -+ H(XN)

oo

H(X;Y) = HY) — HY|X) < HY:) + -+ H(Y,) — (HY X)) + -+ H(Y,|X,))
= H(Y)) — HY1|X) + -+ H(Y,) — H(Y,|X,,)

:n’y

O00000OnthextensionOOOOOO0O00 100000000 n0O00O

2000000

0000ooO0oOoUooooo {o,1}00000000O0O0OOOO0OO0UOOOOUODOODOOOO 100001
00000000000 10000000000000D0002000000 (binary symmetry channel)

000000200000000000000000004000000000 00000 P(0[0),P(1/0)0
10000 P(O)1),P(1)1)00000000000000000

P(0[0) + P(1]0) =1, P(0]1) + P(1]1) =1

gbooobob20000000000000000D00O0O0O0O00O0DOO0O0O0OO0DbO eOOOO

POJ0)=1—€, P(O]1)=¢

PO[l)=¢, PA1)=1—¢

goobooboobo20b00o0o0b0obobooogoro



POOZP(O|O):1_E7 P01:P(0|1):6

FlOZP(1|O):E, F11:P(1|1):1—6

e=00000000000000000O00200000000000000A0

OO0000000000D00error-correcting code0 0 0000000000000 0O0OOODOOOOOOOOO
gboboobooboooooooooooooooooooooooboobOOobOOobOoobobooboboooboon
goo

00000000000 B={0,1}0000000000000O {0,1}000000 prefix-free0 00 COODO
gobooboobooooboooboobboobooboobboobuoob nOO0O0D cOOODOOO
00000000 :0000000000000000000000O0O000C0O000OO0O0COOSE0O0O0
0(@00n0000)0000000000002eSE00 ceCcO00000O00O0OOODOODOOODOOO 0O
000 (SpO000000000000000)00o00o0o000o0o0oo0o0oooo0oo0ooo0oo0o0o0oooooono
OO0 decisionrule 00D O0000D0OO0O0ODO0OO0OOOO0OO00OOOOdecisionrule000000OO0OODOOO
boboobooooboobooooboboooooboooobooboooo
oobooobOooboooboooooooOooobooobOoobooboobooobooooooboooobooboooOogOoon
4000000000000 40000{0,1} 00 prefix-free00000

¢ = {00,01,10,11}

goobooooooboobobooboooooooooboboboobobobo oo o1DoboooobDOobOoDboOoo
gbobooboboooobooooobooooboobooooboboooobooboooobOobooo
0l1000000oboooooo3obooooog

¢ = {000, 110,101,011}

goooboooco0DO0OO0bDOO0OOObO10b00000000DbO0o01,010,100000000000D0OOOO
gooobooboob 3gbooboobuooboobonoboon

a(000) = 000 , (001) = 000 , o(010) = 000 , ¢(100) = 000

000000000000 000000000000000001000000000000010 000,011,001000
000000000000000001100000000000000000000000000 0010 0110
0000000000000000000000000000000 10100 1000000001000000
¢(001)=0000000000000000000000000000030000000000000
00000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000
0000000000

00000000000000000000000000000000 P(z/¢)0000000000000 (00
00000)P(cz) 00000000 ¢0 o(2)=c0000000000000 (ideal observer rule) 0 0000
(:0000000000000000000 ¢00000)00000-,000000000000 ¢y,¢,...,¢n



000 00000000000000(2)=¢,00000000000000000O0P(¢]z)000000OOO
00000000000 P(ez)00000000000O00O0O0OOP(cjz) 000000000 DOO0OOOODO
googoobobobboooooobobobooboogon

00000 P(|z) 0000000000000000 P(2/)0000000000P(zle)0000000000
0Oo(2)00000000000 (maximum likelihood rule) 00000000 (00 0O OO maximum likelihood)
gooooboboboooooobobobbotbooooobobbbooooobbobobooon
200000000000e0000000000000000 nO0O0O0 20000 ¢ 0000000000

P(zle) = (1 — )" %, Pz|d) = e (1 — )" 7

10020000000 »thO00O000000 (02000000000)0d0 20 ¢0d'0 20 ¢00000
000000000000000000010000000000000000000000000000000
0 d(z,c)000 ¢00000000000n-dO000 (1-¢" 400000000000

00000000

P(z|c) _ ed(1—e)n—d _ €l(1—¢e)™ _ e_(d,_d)(l B e)d/_d _ (1 = e)d,_d
P(z|ld) e (1—e)n=d e (1—¢e) €

000000000000 1/2000000000000000000000O0(0O0O0OU0OOUOOOOOO
O0000000000000)De< /20000000000

§<1—€
1<2(1—c¢)
1— 1
)
€ €
O00000000d<d 00
P
(o) _
P(z|c)

P(z|c) > P(z|c)

00002000000000000000 (P(2le)>P(z|d)00 cO0000O0)00e< /200002000
O000000U00ooooooooooooooooooooo

0000000000000 O0000D0O0O0000000000 (minimum distance decoding rule, nearest
neighbour decoding rule) 00 000000000000 0COO0OO0O0O0O0O0OOUOCOOOOOOOOOOUOOOO
O0000o0oooooooooooog

0000000000000 000000000000000000000000000000000 o(2)0 ¢
goo0o0oo0ooooooooobDobOOobOobOobooUoOoO0OobDOobDOobOo3ooooooooooDOo1boo
g0o00ooOdbO0o0ooODOO0bOoOooOgbdoooObOODOODODODO

000 = 000, 001, 010, 100 (2)

gboogoboooboobbontboobobbd



001 = 001, 000, 011, 101 (3)

(20 (3)00o0l0000D0O0O00OOOOUDOoOOO 001D DOOODOUOOODUOODODONIIIO00OO

111 = 111, 110, 101, 011 (4)

000000 (2)0 (4 00000oooooo0U 111000000000 O0oOoOo c={o000,111} 000000
gooooobooooobobooooooboooooobobobooobooboobooooboo

001 = 001, 000, 011, 101 = &(001) = ¢(000) = o(011) = o(101) = 001

110 = 110, 111, 100, 010 = o(110) = o(111) = ¢(100) = ¢(010) = 110

OO0oOoooooc=4ool,110} 000000000
goboobooooboooobooboi1gbooooooooooooooooboooboobooo3oboooboboooobogo
ubooobOobooooboboon

gbobooooobooob 400000000 1000000000O000000O0O0o00COOO0OO0Oo000OO0OO0O
obOobOgooOogol110o 1111 00o00000 011100 30001111 0040000000000000001110
1111000000000000000000000D000O0O00C¢ ={0000,0111} 0 € ={0000,1111} 0000
0000000000000 400 20000000000000000000000(00O0OOOOO)0O00
000 e,eec00000ODO¢;,co0 000000 30000000000 00000O00O00O0OOO00OOO 0103
oboboobooobb0eDqbO0000000 1000030010000 10000000 0000000 300
gooobooobobooootdbagUeUiboooo200b0b0b0oooobbo 10D0ob0b0obbooogoo
obooobbob000Oca,cc00000000DO0

1110, 1101, 1011, 0111

00000000000 1000000000000 00 (D000 2000000000000)DO000OOO
goooocoo0bD 400000000 1111 001000000000 001MMM100000000DO0OO0
gooooooooooooooboobobobooboooobooooboooooooDoobDobobobOoboo
goboobobooobooobooobboooooboooooboooobooboobooboobooOoooboooobooon
oooooooooooooooooo rooo0o0o0d cO0O0O0O0D0 ;000 c—c;22r+1000000
000000000000 20 0(2)=c00000000000 (:0000000000)0000000OOO
ooooooboooogooo
gboboobooboooobooooooooooooooooooooobooobobobobobobooboon
O0v0000dwuw) <r000«w0000 N.(v)DOOOODOOOOOOOOOOOOOOOOOO (OO
w0000 0000)0
02000000000000CO0000000O0O0ODO0U00O000 é.0000000000OOODO {0001,0011,1111}
goooo

d(0001,0011) = 1, d(0001,1111) = 3, d(0011,1111) = 2

00006, =1000000000 e1,c,¢3,¢40000d(c1,c3) =2, dles,es) =20000000000 6, =2
ooooo



e 00COO0D06, >2r+10000N,(c1), No(ez) (e1,c0€€C)00000000000
000 CcO00000000000000000 000000000000 (6.>7)000000000
00 000000 20000 ¢1,¢o00 Ny(e1),No(ex) 00000000000000 (0000000
000000 e1,6,2000000)000000000000000000000

d(er,c0) < d(eq, z) +d(z,c2)

20 Ny(c1),N.(c;) 000000000

d(ci,2) <r, d(z,c) <7

gooooon

d(ci,e0) < 2r (5)

00000CcO000000000000 20000000000000000000000000000
0000000046 0000000046, >2+1000000 (5000000 (0000000000
002+10000000002000000000000000 (5)000)000 20 Ny(c1), Ne(cz)
00000000000000000N,(a),N.()000000000000000000000000
5.06.>2r+1000000000000000000000000000006.06,>2r+10000
N,(c1),N+(c;) 0000000000000000

e DO COOOO . >2r+100 d(c,2) <d(c,2) (¢, €C, ¢ #¢)O
00O0COé >2r+10000000000000000O 20 ¢00 N, (¢)OOODOOOOOO (¢cOOO
00000 r000) 0000000 ¢#£c¢c000000 N(/)OOODODOOOO (o000oooonr
00oo0oooo)ooon

d(c,z) <r, d(d,z) >r (6)

0000d(e,2) <d(d,2)0000000000c00000 000000000 200 (#¢)000
booobooboooboobooood

gooooOoOoOoOoOoOOOOOOOOd.>2r+1000000000000000000O0OO0OO0r000O0O
gobooooobooboobtbooooboobooubboUu cUbobooobbo z0DbbO0ObboOO
0000000006 00000000 000000000 -0000000000O00O00O0O0O r000
gooooooooobooooobooboor-roobooboboobbooboobooooobbog-rooooao
U:00000000000000O00O00O00O0O0O00O0O0O0O0O0O00O0O00DOOO0ODOODOODOODOODbOOn
goooboooboogo

ooooooooooooooooooooooooooOooooooooobD ée>2r+100000000O
gobobooooooboooooboooboobo-0b000obb00o0ob0Oo0oobo0oobbo0ooobooobooboboOon
000000 000000 (r error-correcting code) 0 00000

0000000000000 0oU000 1000000000 oooq{ooo,111}0 1-0000000001000
gooooood

10



000 = 000, 001, 010, 100 = &(000) = o(001) = ¢(010) = ¢(100) = 000

111 = 111, 110, 101, 011 = o(111) = ¢(110) = 0(101) = ¢(011) = 111
00000000000000000000000000000000000000000
0000000000000000000000000000000000000 000 Ny (;)000000
00000000000000000000000000-»00000002°000 Ny(g) (i=1,2,...,M)0
0000000000000000000000000N,()00000000 20 d(e,2)<r0000000

ooooogo
O d(e,2)=k00n0000000 k00 ¢,200000000000000000000O0D000C00OOCDOO

0000000k <r000000 N, (¢;,) 0000000000000 0O0OOO0O0OgOOO0D0O000OO0

14+,C1+ .04+ ,C,
2"00000000000 N.(e;) D0ODD0O0ODO

gn
<
—1+,Ci+,C5+---+,C,

M

gboboboobooobooooooooooboooooboooooooboooboooboooooboobooooobobooboon
n=4r=100 M <3200000000003000000000DODO0O0OCOCOODOODOOOOOOOOO
g200000000000DO0O0DOO0O0OO0DOOO0DOOODOOOOODOOODOODOOODOODOODOOODOOn
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