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gogboogbboooboobooobooobbooboobbooboobobooo

00000000000 SO0D00DO00O00oo0o0ooO0o0oDoD0oooOoooOOoooOoood
0000000000000 Octave0 000000 OD0ODOODOOOctave 000 OODOODOOO
oOoooOOo0oO0o0DOo0oOooDo0oo0DoODOO0bDO0O0O OctaveDOOOOODOOOO
000000Octave 000000000 http://www.sp.es.yamanashi.ac.jp/~ohki/matlab/ 0O O
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020 00000000Shanonl 0000

000000 Information1 0000000000 000D00OOO0OOOOOOOODOOOOO
gogbooboooboooboooboobboooobooboboobbooobooooba
oooOoOoboOo0ooboOOoOobocCEShanmonO0O0O0O0O0OOO0ODOOODOOOOOOODOODOOO
goboobooobooobooboobboobooobooboboobbooobboobo
gobooboobooooboobboobon.

21 ODOODOOO

gbboobogobboobboobooboobooog,boobboomoobobaoobod
A, Aoy AO NOOOOOOOOOODODODDOODO pr,pe,---pyOO0O0D0OCCDO. O
N

ggboboobbbooobbooobbooob 10b0bo0 Zpi:1DDDDDDDDDD
i=1
O0000O0oOooooooooo N=2000 Ay=000000000 A, =0000000

goboobooobboooboobooooobobood plngz%DDDDDDDDDDDD.
goobobooooboooobobooboboobobooboboobobOoobobo
gobboobbooobbuoooboobbboobboobobotp x100000000
goboobobdoobobodoooobodlL0 ~0obbO0obU0OOoUobUUo. Dobooob o
goboobooobdoob oooobooboobboobbooobooboobbooobog
gboobobobobooboboobobuobb. obooboobooboboobobag
gobodobbooobooooboobooob oboooobbooboobbooboboooba
goboooobobooobbooobooobobooobbooobboobbuooobbooobbo
000000000000000@Mentoropyd 0000000000010

00 1(000000)
NOOOO Ay, As,---Ay0OO0O0000O py, pe,---py 000000000000000O000O
00 HOOODOOODOOOOOOO.

N
H(p1, pa,-+ pn) = — »_ piloga(p;) (2.1)
i=1

gogbodobbog2gbboobboooboobboooobooaobooobboobooboanood |

Ul1o00ooboobooboobobooboboobbobbob pp0oobobd ped

0000000000000 00D0D000000D000000D00000000000ooooUogo
gobooooooboobooooboobooboboobobooboobobooboboboobobboboob.
goooooooooOo oooooooboooboooooobbOoooboogoo



020 00000O000OShanonOOO0O0O

00 loooooooooDoOOOOO0D HOOOOOOOOOOOOO

2

H

2
- Z pilogy(pi)
i=1

e (1Y L, (L
2g22 2%22

— log, (%) (2.2)
- 10%2(2_1)

logy(2)

1 (2.3)

U200b00o0b0obo0ooobobobonoobodonod plzg’IDDDDDDD pgzzleDDD
oooboobobboU0o0 HOoOoboboboboboo

H

22— logy(3) + § 2

2
—> pilog,(pi)
=1

B ee (2 Lo (L
1 2 4 4 2 4

3 4 1

— logs (g) + Zlog2(4)

z(log2(4) —logsy(3)) + ilOgQ(‘l)

1

4
3

1
5 — 7loga(3) + 5

4 2

2 % log (3
2—0.75 x 1.59
0.8075

0.808

(2.4)

gogbooobboooboboobbooobobooobbooobbooobooobbooobbo

ugoo

0340 1500000000000 000000O000DO0OODOOODOOOOOOODOOO p1=
025000000 po=0500000 ps=02000040 1500000000000000
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(DODO00)HOODODODOOOOOoOODOOO

3
H = - sz' logy (pi)
i=1

—  —0.25l0g,(0.25) — 0.5log,(0.5) — 0.251og,(0.25)

= 0.25logy(4) + 0.51ogs(2) 4+ 0.251ogy(4)

= 025x2405x14025x%x2

= 05+05+0.5

= 15 (2.5)

0400000000 O0ctave0000O0000O00ODOO

[me@linuxbox me] octave
octave:1> p = [0.25 0.5 0.25]
p=

0.25000 0.50000 0.25000

octave:2> H = - sum(p .* log2(p))
H = 1.5000
octave:3> exit

[me@linuxbox mel

OO0000OOctave DO OOODODOOOOODOOO pOO0O0O0DOOOOODOOODOOOO
gobodlgooboobboobuooboobboonbg

22 00O

goobogoobooobooobboobbooobooobooobooobbooobboa
goboobbooobooboooboobboon.

00 2(@O0)
00000000000000000000 HO0OOO0O0000000000000000 H
0000000000000000000000000000000 I0000000000.

I=Hy— H (2.6)
]

goobogobobooobooobboobooobbooobuoobbooobboobbo
000 HoUOOooOoobOobO Hy=100OOOooooboooooobobooboooooo
gobobooboooooooboboboUo0 F(r=00000000ODODUODODODOODO
gobooboboooboobooooboooboobo

I=Hy—H =1-0=1 (2.7)



10 020 00000O000OShanonOOO0O0O

goboooboboobboobbuoooboboobbuooobooobooobbooonoobd
ggoobooobooobbooobooobbooobbooobooooboooboboo
oooomMmpit000000000O0O00DOO0OOOO 1vtObOOooDbOooboboOoooD

23 ODO0ObOOooOboOoood

gooooomoooooooooo0ooo0oooooUooo@moooooooOon A
0A; =00000A,=00000A4;=00000000000000 BOB;=0000000
bbb, =00000000000DO0000obDob0obbDoboobOoobobbOODOuoDO
gogboboobbooboboobbuooobooobooboboooobboooboooobobd
god

00oMODOO0ODOOO0ODOO0OO ADODODOOO A,0D000NOOOQOODODOOODOOO B
000000 B; 0000000 p(4;,B;) 000000000000O00O0O0O00OO0OOO0O
gogbogooboboooboboobboooboboobbooobboobboobboobbo
ggboobooboboobooobboobooaonooo

00 3(@00o0ooooooon)

M N
H(A,B) == ) p(Ai, B;)logy(p(Ai, By)) (2.8)
=1

j=1

Oo0O0pO000O0OO000DODOODOOOOCOO A;0Q0000D0DOOOOOODODOOOOOO
O00000000BOOOOUOODOODOOUDOODOUOOUDADOO A,000000 p(4)
00000000000 p(4,) 0000000ODO00O0D0DO0OOODOODOO

N
p(A:) = p(Ai, B)) (2.9)
=
0d00D0noAQC0OO0O0OOOOOOOOOOOODOOO

Zp ) logs(p(As)) (2.10)

0000A000000 BO B;000000(0O0D000D0O0OO00OO0)0BOOOOOO
gooooboogd

M

p(Bj) = ZP(AzABj) (2.11)
z:lN

H(B) = —> p(B;)log,(p(B))) (2.12)
j=1

goog
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O50000000000 AUA, =00000A,=00000000C0C00O0O0DOODOOO0O B
0B, =00002000000B,=0000200000 000000 (A,B)ooOoooooo
gogbooboooboooooaboobooood

.00 (4)020000 (B)0O0O p(Al,Bl):%
2. 00 (A;)0 20000 (By)0ODO p(Al,BQ):%
3.0000 (4) 020000 (B) 000 p(As, By) = 1
40000 (4) 020000 (By) 000 p(As, Ba) = 1
00000000000000000000000
2 1 2 3
p(A) = D plALBy) = ¢+ =2 (2.13)
j=1
2 3 1 2
p(A2) = D p(A2.B)) = 1o+ 75 =5 (2.14)
j=1
= 1 3 1
pB) = Y pAiB)=z+=5 (2.15)
=1
1
p(B2) = ZP ApBa) =+ +5=35 (2.16)

gobodboboooboobooooboobboobooboon

HA) = - gp(Ai)logQ(p(Ai)) = —% logy (g) - §1°g2 (%)

= g(log2(5) —log,(3)) + %(logz@ — log,(2))

3
= logy(5) — 5 logy(3) — 5

~ 232—06x159—04:0.966 (2.17)

H(B) = —Zp ) log,(p(B;)) = —%logz (%) - %10@2 (%)

= logQ( )=1 (2.18)
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020 00000O000OShanonOOO0O0O

gobooboobobooobooobboobooboan

H(A,B) =

2 2

_ Z ZP(AZ" B]) logg(p(Az" B]))

i=1 j=1

e (Y)Y 20 (2 B e (B L e (L
502 \5) T 5%\ 5) 102\ 10) " 10 %2\ 10

£ 105(5) + £ (I0g(5) — log(2) + (108 (10) —log(3)) + 75 logy(10)

£ 1085(5) + = (g5(5) — log(2) + ~(108(2) + logs (5) — log(3)

+ 2 (0gy(2) + logy ()

£ 1083(5) + 2 (0g(5) — 1) + 15 (1 +loga(5) — logy(8)) + 1(1 + logs(5))
logy(5) — = logs (3)

232-03x159=1843 ~1.84 (2.19)

06000000 OctavedDOOODODOOOO

octave:1> p = [2/5 1/5 ; 1/10 3/10]

p:

0.40000
0.10000

octave:2>

pPA =

0.60000

octave:3>
pB =

0.50000

octave:4> HA

0.20000
0.30000

pA = sum(p’)

0.40000

pB = sum(p)

0.50000

- sum(pA .* log2(ph))

HA = 0.97095

octave:5> HB

HB =1

- sum(pB .* log2(pB))

octave:6> H = - sum(sum(p .* log2(p)))

H = 1.8464
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octave:7>

OO00o0o0oDoO00oboOo0ooboOoOOo00boOo0OoO0OOoooOg OctavedODOOODOOOO
gogooooo

24 0JU0O0O0OOLoOOOood

0000000000000 00bOO00DbODO00oOoOo0ODOOO0 AODDOODODOOOOO0OO
oboooobo pO0ODO0OOOODOODOODOOODOODOOOOOOODDOODOODOODODO
gogboodbbooobuoobooboboobbooboobboobuoobobooonodg

0000000000 AD BOODODODOOODODO AODOD A,;0D0000Q000DODOOOOO
00000 BODOOODOO B;00000000000000000O0Opu,(B;)) 000000
Oo0p;0000000000000 AiDDDDDDDDDDDij(Ai)DDDDDDDDDD
goboobooobooboooooboobooboboobooboobobooboboooo

1.

M N
22 p(A:By) =

=1 j=1

> p(A) = Zp (220)

=1

S () = Y (4) -

j=1

Sl

=

N
p(4i) ZP(Aqu)
v (2.21)
p(Bj) =Y _p(A;, B))
=1
3.
p(Ai, Bj) = p(Ai)pa,(B;) = p(B;)ps; (Ai) (2.22)
4.
\_ p(Byps,(Ai)  p(Ai, B)
pa(By) = p(Ai)  p(4y) (2.23)
pp (A)) = p(Ai)pa;(Bj) _ p(Ai, Bj)
! p(Bj) (B])

goboloooboobobooob 1obbooobooobboobobooobbooboba
0002.0000000000000000003.004,0 ;00000000000000
O000A4 000000000A4, 000000000 B;0000000000000000 B;
O000000000B;,000000000 A, 00000000O000O0O0O0O0O0O0O0O0O00O0O
oooooobooboOo. 4 00BayesOD OO OO0 D0OOO0OO0ODOODOOOOD3.0000O0ODO
gobogo.
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000 AQ BOODOOODOOOUDAD BOOOOODDOOOOOOOOODODDOOD.

1.
p(A;, Bj) = p(Ai)p(B;) (2.24)

pa,(Bj) = p(B;), pB;(Ai) = p(4;) (2.25)

000000000000 0DO000O000O000C0DO00DO000O000OOD ADOO A4
000000000000000000 BOOOO B;0000000000000 pg,(By) 0
gogbodobbooobooboooooaboo

N
Hy,(B) == pa,(B))log,(pa,(B;)) (2.26)
j=1

000000000000 00D0O A;0000000 p(4;) 000000000 AODOOOOO
00000000000 0000000000000000 Ha(B)OODDOD Ha(B)O A
gogbooobbooobooooo

00 4(00O000O00DOO0O)

M
Ha(B) = ZP(Az')HAi(B)
ZZIM N
= =Y > p(A)pai(B))logs(pa,(B;)) (2:27)
i=1 j=1
|
0000000000000000000000000.
001
H(A,B) = H(A)+ Ha(B)
— H(B)+ Hp(A) (2.28)
00 2
Ha(B) >0 (2.29)
oo 3
H(A) + H(B) > H(A, B) (2.30)
004

H(A) > Hp(A), H(B)> Ha(B) (2.31)
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O7000000000D00DO0D0ODOODODODOODOODODOODODO0ODO0Bayes O
gogbodbooobooboooobooboboobuoobbooboobboooobg

pay (B1) p(;tlTjﬁl) — % - (2.32)
pa,(B2) = %%%222%22 (2.33)
par(B1) = p(;&gl) = 32/ /150 Z (2.34)
pa,(By) = L (;(252) = 12/ /150 i (2.35)
D00000000000000
Ha(B) = —ZZP Bj)logy(pa;(Bj))

lel

iy o 5) - (3) 3400 (1)
_ 110g2<> ;a%u log(2 >>+1—0<1og2<4>—1og2<3>>+1—010g2<4>

5
1 3 1
(2 — logy(3)) + —2

[\)

= 3 logy(3) + - (logy(3) — 1) +

3 2
— 2 logy(3) + =
10 0gs( )+5

= 0.3x15940.4=0.877 (2.36)

ot

000000000 000000o0ooO0oo00U00O00O00O0O00oLOO0oLOO0UnO HB)=1000O
0000000000000 0000000O000D Hy(B)OOOODODODOOODDOOOO
gobooood

25 0JOo0on

000 AD BOOOOOOOOOOOOOADOOOOOOOOOOOOOOOBOOODO
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000A
0000000000000 BOOOOOOOO0000000000000000000000
00I(A,B)000O0O0

OO0 5@0O000)

I(A,B) = H(B) — Ha(B) (2.37)
[ |

goboooobobooooboooooboboooobobooboboboob.obg
gogoobooobooooboboooobooooboooobboooobboooobobo. g
gobogboobboooooobboobuooboobbooban.
goboobooboooobg.
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oo1
I(A, B) = I(B, A) (2.38)

oo 2
I(A,B) > H(A), H(B) (2.39)

oo 3
I(A,B) >0 (2.40)

gobooobbooboboobbuoooboboobooobobooobooooboooobobad
goobogo.

0800000000000 00DDOD0000DDDODDO000D0DDDODDODOU0OODD (DDO
00)bo0o0o0ooooooooo

I(A,B) = H(B) — Ha(B) = 1 — 0.877 = 0.133 [bit] (2.41)

oood

Ugl1bobooobbdooo owoobboobbbooboboboooboooooboooobobda
goobooboogoo

e JOUODUODOO N =100

000000000000 ws%0000000 Ni;p =30

000000000000 ns%0000000 Nip=10

000000000000 75%0000000 Ny =20

000000000000 7%0000000 Nyp=15

e 00000000000 7% 0000000 Ny =10
e 00O0DDOD0DODOD 75%0000000 Ny =15
000000000
1. 00000000 AQ
A={A, Ay A3}, A =00, A,=00, A3=0
000000000000 BO
B={B,, B}, B =0007%%00 B,=000 75%00

0000000 100000000000000 (A4,B)0000000 p(Ar, By)Op(Ay, Be)O
p(A2, B1)0 p(Az, B2)0 p(As, B1)0 p(As, Bp) 0000 O
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googno 17

. 000000000000000 p(4;)0p(A2)0 p(As)0p(By)0p(Bx) 00000
.00000000000 H(A,B)OOODOOO
.00 A00DODOOOOO HA)ODOOO0O0O
.00 BOOOOOOOOO H(B)OOOOOO

.00o00o0o0o00 AboooooooooOoDODODOOODOD BOODODODOOO

00 pai(B1)0 pai(B2)0 pas(B1)0 pas(Bz2) pas(B1)0pas(B2) 000000

.pboboobobobobobooboobobobooboobooboobobobon

0000000000 HaB)ODODOOO

.pboboobobboboobobobooboooobooboboobobobobon

0000000000 I(A,B)ooOooooooo
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30 oottt

gooooobooboboooobobooooboboboboboboboobobbobog
gobgoooboob booboobboboobooboobooboobbobboo™oona
OO000000ooOo0oo0ooDOOo0oOo0oDOoOoDO0bOOOO0n0DO Positional representation
system 000000000 DOO0O0O00OO0OOO0OODOOOODOO0OO0ODLOOODOOODbOOOO0
gobogoobooobobooboboobbooobooobbooobooobbooobbo
oobooooooOoOoooooOoOoDooOoOoDoOoOoboOoObhitDbOOooobboOoobDoboOoo
gobooobooobobooboboooboboobbooobooobbooobboobbo
gobooboooobod

3.1 OOOOOd

gboobuobouonooobobobuonoooboboboboooobobboboboood
gogboobooobobobooboooooan

1000 123 <« 1x1004+2x10+1
=1x1024+2x 10! +3 x 10°

goon
e O 100O0DOODOOODODOO
e NIDOODDOODLOODDOODLOODDOODO

0o00o0oooooooooooDbooobooobooooobo 12030000000 ooDad
0000 position01 00000 M placed 0000000000000 102010'010°00000
Osignificant00 0000000000000 O0OOOOOOOOO100000M0100 0O Oddecimal
numeration systemO0 0 0000000000000 1000  decimal numberD 00000 OO
100000000000 radixO00000100000000000O00O0100000decimal digitd
goo,1,2,---,9000000

0oo0o0oDoboooooooooD rOr>20000 rO0DOO0ODOODOOOOO

006 (r00)
000000 «00000 +O0r>200000000000

n
a= Z akrk = apr" +ap " 4+ aoro
k=0

(a; €0,1,--- ;7 —1) (3.1)



20 U300 Oogobooobd

godoodoodoodoooooun e O0oooooooon
anGnp—1 - aQ

U0e D 0000000000000 O0DO0O0OCO0ODO0O0Oay =ap—1="-+=ams1 =00
gooboooogoood

AmQGm—1 " aQ

o00ood(m+1)00 r000000O00OOO0OOOODOOOOOOOO
AmAm—1 " Q0(r)
oooooooooooooon |

U0 ; 0 e OO00OOO0DO0ODOOOODOO0ODOODOOOOOn

a; = (%lmodr (3.2)
T
[z]: 0000000«0000000000

zmody: O0O0Ox0 yOOODOOO

Ubdb0e=1230r=10000000000000

as = (%wmodlo = 1mod10 = 1
a; = [%ﬁ”] mod10 = 12mod10 = 2
ay = [%1 mod10 = 123mod 10 = 3

09(@Oo0)

1. 2 0000 O binary numeration system[]
n
a=> a2 (a; €{0,1}) (3.3)
k=0
2. 8 0 00O O O octal numeration system0
n
a= Zak8k, (a; € {0,1,---,7}) (3.4)
k=0
3. 16 00O 0O 0O O hexadecimal numeration system(]
n
a=> a16", (a;€{0,1,---,9,4,B,--- ,F}) (3.5)
k=0

goooooboobobobobuooboobob obobooboooobob 11booba
goooboboobobobobobooboboobboobooboboobobobobg
gooo0odoleo0ooOdOoooopooOoooO0O00 A0 FODOODODOO
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rO00d0o0ooobooboooilobbooobogaaon

1. 00
1111,

+ 11,

10110,

1010,
— 1l
11(9)

10115
X 101(2)

1011 )
1011 )

110111 5

10

1010p) ) 10111,
1010¢2)

119

3.2 [0000O0Oradix transformationl]

goobogooboooboboobboobbooobbooobooobboobbooobbo
gogbooboooboboobooobboobuoobbobobooboobobod

l.io0o0odg -0o00ooog
ubobodblooobO r0Ooobobooobbooboooboooboooboobod
gboboobbh -oboobbobbobbooboobobobbobbooboood
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0000
2 ) 1230
2 )61 o
2 )30 1
2 )15 0
2 )7 1
2 )3 1
L

00000012340 = 111101145 000D

2.r000010000000
rO000000000O000DO0000O00 100b00bboo0bOo0obbooobooobooo

11110115 = 1x2941x294+1x2'+1x22+0x2°+1x2' +1x 2
= 64+32+16+8+2+1
= 1239 (3.6)

3.3 Uuooood

goooobodob r0ooboobboobbooboobboobbooboobboobg
gboobooboob ocobooboobobooboobo+bobboboobobbona
gobodgbooobobooboooboboooobooan

n

la| = Zakrk (ap €{0,1,--- ;r—1})
k=0
!

a = £>p_japrt

= fapap_1--- ao(r)

goobogobobooobooobboobooobbooobooobooobbooobbo
gogbogooboboooboboobbooobobooobbooobbooobooobbooobobo
oboobobooboboboboobooooooooooooooooboboobobooDo
goboobobooboooo



33. DO0O0ODOOO0

00 7 (0000 (complement representation))
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r00 n0000 a(e>0)00000

Uetdboobr00o0booooo

2.r—1000

r00 n0000 a(e>0)00000

UedbbO0O0Or-1000000000

gobooboodgbood a(T)(a(r)<0)DDDDDDDDDDDDDDDDDDDD

(r)

good

(r)

23
a“=r"—a (3.7)
a=("-1)—a (3.8)
|
—lag)]
= "= lag|—r"
G
= |ag)|—r" (3.9)
—lag)]
= =)~ ag| - 07 - )
= (" =1) - !a(r)\) - (" =1)
= |a(r) |p — (’I“n - 1) (310)
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agry = by
godno
a(ry = ber)

o)+ = by —
agy + (1" — b(r)) -
(a aey + b(r)) (3.11)

a(r) + (7“” — 1) — b(r) — (7“” — 1)
agy + ((r" = 1) =byy) — (1" = 1)
(a@) + b)) — (" = 1) (3.12)
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gbooobog roobooboooboobooboooboobooooboo »r0o40obOd
rgbodboooobogbooooooooobobooobooooobo 0000 r000O0O0
goboobooooboooog

008 (r000)

n m
a = =+ (Z akrk + Za_lr_l>
k=0 =0
= +(apr" + " Vot agr® a g+ A_pr™ ™) (3.13)

ggboodgbooobooboooboboobooaonoobo

Aplp—1+++Q0.A_1 " G_pm, (3.14)
0«0 r000000000000000000000000000000 u
0 10
1111 = 1x224+1x2"+1x20+1x27 " +1x272

1 1
= 4 2 1 — -
(10) T 2(10) T L(10) + 2(10) + 4(10)
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g 11

e 100 —2000
0.687510)

1.3750
0.3750

0.7500

— 0.6875(10 = 0.1011
0.7500 (10) )

1.5000
0.5000

1.0000
e 20 — 10000

10111.1011(9) = 16 + 4+ 2+ 1 + 0.5 + 0.125 + 0.0625 = 23.6875 3
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gbbooobooobbooboboooobuoobbooobooobboooobo 2004
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ooo fO0-000¢0000000O

a=fxr®=(0.f-1f-2 - f-m)m) X p(enen=1-€0)(r) (3.15)
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0000000000000000000000000000
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0D200010000200000000000000000000000000000
1. 1998 1)
2. 27.7251
3. —666(10)
030002000100000000000000000000000000000C
1. 100010011y,

2. 10110.101 )
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3. —11011

04000200000000000
1. 10010119y + 1100100
2. 10110002) — 100011 5
3. 101111 () x 1011

4. 10011010 + 110

Usboooboboobooooooo
1. 19984y U 100 000D ODOO
2. 19984y U 9000000
3. 10101119y U 200000000

4. 10101119y O 10 000OOO0O0

06 —-47q 000040000 1003000000 40000 1003000200000
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gogbogoobobooobbooobooobboobboobboobbooobbooobbo
gobogbooboboobooobboobuoobbobobooboobobod
goobogoobooobooobboobboobbooobooobooobboobbo
ggboobbooobooboooobooboo
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oooOoooooon CEShannon0O0O0O00D0OOO0ODOOOOOOODOOCOO4100000
googobobooobobobobobobobbooboobooobobbobobooboobobogog
goboboobbooobooobboobbooobooobbooobbooobbooboo
gbobobooooboobboobooaooodgd

goboboobooobboobooobobooobbooobbooobboooboooobo
gobobooobooboobuoobooboobooboobobboo o 1ooboonDg
gbodogoogoo ooliolo1o000111010--- ODOOODLOODOOOOOODOOOOOOODOOOO
gobodoboooboobooobooboobo

11121304 * - - , ’ij S {0, 1} (4.1)

gogboobbooobooooooooboon

gobogooboooboboobbuoobbooobooobbooboboobobooobbog
gboboooboooooooooobobobobobooooobooobobobobobbbO K
gobooboboooboooo

iy = [ivdp - i), 2 = [ik41iK42 - G2k, - (4.2)
goododoooogon ijDDDDDDDDDDDDDDDDDDEDDDDEQ}DDDDDD

x1 = [r122 --- oN]|, T2 =[TNp1TNy2 - Tan], - (4.3)

0000000000000 0000000000@MO0000000000000000
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A
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041: 0000000

ooooNODOO0O0OO0OO0O0O00DO0OO0O0OOO0 gOODOODOODOOOO e00ODOO
gobodobooobuooboobboobooobbooboobobuooboobboonb od

10000000 booon
gbbooboobboobooboboobooboboooboooooboan

Y1 =[W1y2 - YN, Yo = [YNy1YNt2 - - YN, (4.4)

goooooooooooobObooOoooboDboOoO0OoooDOo0OU soooboDbbooboDbooboo
gogbogbogobbooboooboboobuooboobn

Yy = [yiy2 - yYn]
= [z1+e1xa+es - xy+en]
= x+e (4.5)

00000000 y0O00O00 000 e000000000000000e €4{0,1} 0000
z; 0 e; 00000

0+0=0, 04+1=1 (46)

1+0=1, 1+1=0
000000000000000e =000 2; 000000000¢; =100 2; 000000
oooO

O00000KOOODOODOOOOOOOM=20000000000000000000

O0000000000000000000 M=2800000000000000 CcO00O
000000000000 NOOOOOOOOOOOOO0O000O00000000 KO0O0oo
000000000000000(N-K)OOODDODO0OO000000000 ¢O00

N-K (4.7)

N
gobooboooobood
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4.2 Hamming [ [

gbgbooooboboboobuonoooboboboboooobobobboobooog
000000000000 o00000

00 9 (Hamming 0 0O)
00 NOOOOOOOO u=|wus-uy]0v=[vive---vy] 000000

N
dp(u,v) = 25(%‘,%‘) (4.8)
i=1
000000000000 HammingOOODODOOOOQOOO
0, u=w
Slu,v) =4 4.9
(w,0) {1’ e (4.9)
|
0 14 w=[011]0v=[110] 000
dig(u,v) =6(0,1) +06(1,1) +6(1,0) =14+04+1=2 (4.10)

goboobooobuooboobboobooobbooboobobuoobo 1gbbooond
(011) O (110) D000 0OOOUOO0OODOOOO

oboooooooboboboobobobobbob0obobob0o0b0bO0dDUHamming
gooogooo

00 10 (Hamming O 0O)
OO0 NOOOUOO « 0000000000 wOOHammingOOODOOUOOwyg(w)0O0OO

N
wp(u) = Zé(ui,O) (4.11)
i=1
gooooooon
wg(u) = dg(u,0) (4.12)
goooooooooooboobo
dy(u,v) = wyg(u — v) (4.13)
godooooooon |

00000000000 cOoDo0ooO0o0oDOO0O0 CcoooooOOoOooOoooOoOooOoood
gogbooboogbooboooan

000000000000000000000000000D00000000000D000000000000
gbobobobobobooobooooo
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042 0000000

00 11(0000)
00 CO000000000000 HammingDOOOOOOOO ¢ 00000 Hammingd OO0
0000 dm, 0000

dmin = min  dy(u,v) (4.14)
ULV, U, VEC
[ |

Joodd £t 0000 yOO0O0Oo0oOooooooboobobo
dp(y,z) =dg(x +e,x) =wy(x +e—x) =wg(e) (4.15)

O000wy(e) 0O0OOO0OO0OO0OOODOOODDOOO0¢t0D0OO0O0OO0O0OODOOODOOOO
000 HaimmingOOOOOO ¢+ 000000000000

4.3 U0O0O0OOOOOOO

gbbooobooobboobooboobbuoooboooobboobboobboobobd
goboobobooobooboooboobobooboobobo
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o000 dyiyy 0000 COOOOOOOODODOOODO0O0OOD0O0D dpin>000
ooodoobbDob HammingODOOODODODOOOODOODODOOODODDOOODOOOOODO
0:0000000000000000D0 y0O00D000 200 HaimmingO OO ¢t 0000
ooo0o0ooooooboooo0 1 0den£2+10000000000DOO0ODOOOOO
goboob yOOooboobooobooobobobooboobooboobooboobag
gbooboboboboboboobooooooooooooooooDoooooboobobobn

gogboodgboooboobooby ooboobooboboobooobboan

dmin -1
tl max — (7

5| (4.16)

goboooboogoon

4.4 0000

00000DOO0000o0dbOooooooooo0oooDoooooooooDooooooon
00DDO0o00O00DO0o0o0obOoOOobOoooonD iy ---ex 000000000 0ODOOODOOO
00 pipe---py_xg 00000000000 DOODOOCOOOODOOOOODOODOODOOOO
O systematic code] 0 O OO

1 = [i1i2---iK]
x = [itd2 - ikp1P2 - PN—K])

0000000000 KOOOO NOOOOOOoOOoO(N,K)OoOOoooooooooo

gogbooooboooboooobbuoobbooobboobboooobooobooaobon
00000000000 0000000003000000000000000oNoooooonon
ooodoooobop; 0000000

P1 = puii +pi2ie+ -+ DK Ik
P2 = p21%1 +paiz+ -+ Dok ik
PN—K = PN-K1%41 +PN—K2%2+ " +DN_KKIK (4.17)

gobooboooboobooboboobooboboobooboobbon

P11 P21 -+ PN-K1
o . P12 P22 -+ PN-K2

[p1p2 -+ pN—K]| = [i1d2 - iK] . ] (4.18)
Pi1K P2k ' PN-KK

ooooOooooonD p=:PO0OO0O

000000000000 0000000000000000000000000 00 1000000000000
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gbbodobuoobbobobboobboobuoobboobuooboon

x = [ip]
= [¢IiP)]
— I P]
10 -+ 0 pu pa - PN-K1
101 - 0 pn o pa - pN-K1
= 1’ . .
00 -+ 1 pixk p2k "+ PN-KK
e, (4.19)

0000000000 :00000 0000000000000 GOODODOOOMO generation
matrixD0 000000070 00000000
goboo41v0ognd

P11t +prete+ -+ pikik +p1 = O
P21i1 +Dp2ia+ -+ ki +p2 = 0
DPN-K1% +PN-K2%2+ " +DPN-KKiKk +PNn-Kk = 0 (4.20)

gobooboooboobooboboobooboboobooboobbon

xH'=0 (4.21)
P11 P12 e DK 1 0 0

H = p?1 b - 2K 0 ! ] 0 (4.22)
pN;Kl DPN-K2 - PN-KK 0 0. 1

00000000 000 COOO0O00D0000«H'=00000000000000000
gobod yobooo

(4.23)

yH' =0 — yO0 CcOOO00O00OO
yH' 40 — y0O COO0OO0000OO

oooby0O COOOO0ODOOOOOOOOOOOOODOOOOOO0ODOOOOOD HOOOO
00000000000 00D OO parity check matrix0 0 0 0O O

4.5 UOO0OO0OOO4O4

0000 CO0000 x00000y==x2+e000000000y 00000000000
0ooooood
s=yH' (4.24)
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000000000 yODOODOOOOOOMMsyndrome 0 OO0
s=000000000000e=000y000000000DODODODOOOOs#00000000

s = yH'
= (z+e)H'
= xzH'+eH'
= eH' (4.25)
O00O0o0b00O00D0 sO OO0 edDbOOO0ODOOOOO tOOOOOOODOODOOO
ooooooooooooO0obOooboo0o0obOoOobLbO sOogbooooboooooobobooo

ogobodboob sO0b0U0 egddbdobbobbOo0bb yOoobOO0 000000
gooooo

4.6 U0O0O0OOOOOOO

gogbobodoboboooboboobboobobooooboooboooboooobobooboboo
goog

pr=t1+iz+-+ikg (4.26)

goooboboooil1bgbobooboooooobooooooboooboobo0obOo Koo
000000o0o0o0oo0o0D (K+1L,K)ooooooooooo

015(K=3000) 000000 300000000000000000
i € {(000), (001), (010), (011), (100), (101), (110), (111)} (4.27)

gobodboooboobooooobooboon

1 0 0 1
G=|0101 (4.28)
00 1 1
godooboooooboooooooooooooooooooooon
€ {(0000), (0011), (0101), (0110), (1001), (1010), (1100), (1111)} (4.29)
gooooooooood
diin = 2 (4.30)
oooooood
dmin_1
tl:’V 9 —‘:07 t2:dmin_t1:2 (431)

gogboodbbooobuooboobboobbooboobbooboobobooonog

H=[1111] (4.32)
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0000+ =2000000000000000000000000000000000000
0000000
e € {(0001), (0010), (0100), (1000)} (4.33)

00000000000000000000000
s=eH'€{(1),(1),(1), (1)} (4.34)
oooo

bt cOdboobobobooboobooooboobobooboobobbo 1b00a
goboooboboooboboooboboobbooobooobboobobooobbooobbo
gooobobooobodooboob oo -0booboobooboob 10-0boobobd
ggbooboogbooboooan

4.7 Hamming [ [

gobobooboooboboobbuooboboooboboobboooboooobooaoboo
oodbdbobobobob0obobobobU0bob0bU0 HammingOOooood

00 12 (Hamming O 0O)
o000 (N,K)DODoOoOM=N-KOOOOOOOUOOODO MOOOOOOOOOOOOOO
000b 000000 A 00000000000 HHammingO O OO OoOO |

016 (M=3000)000000

11 0
H=|0 1 0 (4.35)
11 1

O =

01
10
10

o = O

oooooooooo0oO0oo (4000000000 0ODODOOOOOOOOO

1000101

1 111
c_ |0 100 (4.36)

0010110

0001011

00000000000 400000000000000000000000
i € {(0000),(0001), (0010), (0011), (0100), (0101), (0110}, (0111),

(1000), (1001), (1010), (1011), (1100), (1101), (1110), (1111)} (4.37)

0000000 GOOO00O00DO0OO00O0

x € {(0000000),(0001011), (0010110), (0011101), (0100111),
(0101100), (0110001), (0111010), (1000101), (1001110),
(1010011), (1011000), (1100010), (1101001), (1110100), (1111111)} (4.38)
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dmin = 3 (4.39)
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at+al=al+a=¢ (4.42)
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