Chuong 1. Ma hoa va gia1 ma

Encoding and decoding
[Chap 1. Jir1 Adamek, Foundations of Coding]

ntnhut@hcmus.edu.vn



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Van dé chinh cua 1y thuyét thong tin

crren U e (- o REDUNEIAE
GLASS, I ‘ S L
0y Truyén di

CE , transmit)
p
ot g t

an 100 KB
Mt chi
tiét (loss of
details)

ntnhut@hcmus.edu.vn



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Modern

t"‘:ﬂ [ oo EL ALl

Credit
Card Merfier

Point mutation
DIE[FI®)

Deletion

CJAlslclplele[a) ——=CJA[B]E[F[e)+ [c]D]

Translocation

L. a7
ElF|G)

Inuersion

CTRBIBE® — CTREERED

Mutations of Chromosomes

CuuDuongThanCong.com

4BREE BRISEN et
o RET
1 mdilgs Ty

Noisy
channels

ntnhut@hcmus.edu.vn

et Tapa

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Cach khac phuc (solution)
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Cac khai niém co so

Ky tw (letter). ‘A’, ‘B’ ...

Bang ky tw (alphabet) = {cac ky tu}

— Source alphabet: bang ky tu nguon.

— Code alphabet: bang ky tu ma.

Tw (word) = “ANHLAAI”

Binary = bang ky tu dang xét chi co 2 ky tu
— Thuong dung ‘0’°, ‘1’
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Ma hoa (encoding)

A={Ay, ..., A }: source alphabet
B={B,, ..., By}: code alphabet

Phep ma hoa la mot don anh K di twr tap A
den tap cac tw trong B,

K: A -> B*
K(A)=“B,,...B,” : twr ma (code word)
Ma (code) = {K(A,), ..., K(A)}

Ky tw nguon —> Ma hoa —>
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Vidu
Source Symbol Code Word

Ma ““2-out-of-5”

1
2
3
4
o
6
7
8
9
0

e Chuoi “173” duge ma hod thanh “110001000101100”
e Giai ma thtr chuoi “100100100101010”

ntnhut@hcmus.edu.vn



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Gi1a1 ma (decoding)

“ANH” —> Ma hoa => “000100100”

“ANH’ <« Giaima  <— 000100100~

Giai ma duy
nhat
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Giai ma khong duy nhat

“ANH” —> Ma hoa => “000100100”

“CHI” b | Giaima  <— 000100100~

Giai ma khong
duy nhat

« M3 2-out-of-5 c6 giai ma duy nhat khong?
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Vi du giai ma khong duy nhat

e Xét ma sau

a—00 br—10 ¢c+—101 d+—>110 er—1001

* G1ai ma thu “10110”
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Ma kho1 va ma tic thoi

« Md khoi (block code):

— Cac tu ma khac nhau tung d61 mot c6_cung do dai

— D¢ gidi ma
— Dung cho ma tur sira 16i (error-correcting code).
* Ma twc thoi (instantaneous code):

— Moi tir ma khong 13 tién t6 (prefix) ciia cac tir ma
khac.

— P06 dai mo1 tir ma ¢o thé khac nhau.

— Dung cho ma nén (compressing code).
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Vi du ma tirc tho1 — ma Morse

A N
B O
C P
D Q
E R
F S
G T
H U
I \
J W
K X
L Y
M Z

Figure 2: Morse code
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Vi du ma khoi

e Ma octal
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Ma ASCII

(American Standard Code for Information Interchange )

e 27=128 ky tu nguon: Parity check
— {(AB,.... 7}

— {a, b, ..., z}
- {0,1,...,9} symbols | symbol

I {@9 %9 (9 < }

* 0: even number of 1°s.
* Tur ma nhi phan dg dai 8: '« 1 6dd number of 1’s.
— 7 bit mang thong tin
— 1 bit kiém tra chan 1é (parity
check).
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Source
Symbol

Code

Source
Symbol

Code

1(00)s
1(01)s
1(02)s
1(03)s

1(33)s
1(34)s
1(35)s
1(36)s
1(37)s

1{73)s
1(74)s
1(75)s
1(76)s
1(77)s

ESC
FS
GS
RS
US

0(33)s
0(34)s
0(35)s
0(36)s
0(37)s

SP
!

#

0(40)s
0(41)s
0(42)s
0(43)s

Figure 4: ASCII code (7 information bits)

* Ghi chu:
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Ma ISBN (international standard book number)

Bang ky tuma = {0, 1, ...,
9, X}

Tir ma do dai 10 (kiéu
méi c6 do dai 13)

Noi dung:

301001 — M3 quoc gia/ma ngdn ngir
— Nha xuat ban

-- Ma an pham

— Check number

Z iay1—i = 10a; + a3 + 8aa + - - - +2a9 + a1o QU TR AR DB
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Short break
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Xay dung ma tirc thoi

Bai toan: xay dung bd ma tirc thoi cho cac ky tu
nguon.

— Yéu cau: do dai cac tu ma bang cac gia tr1 d,, d,,
..., d_nguyén duong cho trudc.

Vi du: ma hoa nhi phan cac ky tu {0, 1, 2, 3}
bang ma tirc tho1 vo1 do daicactitma la 1, 2,

3.8
’ 00 110 2+110 8+ 111.
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Cach xay dung ma tirc thoi

Giasud, <d, < ... <d,.

Chon mot tr ma K(a,) nao do co do dai d,.

Chon mot to ma K(a,) c6 do dai K(a,)

d, thoa khong chira K(a,) ——

1 tién to. ‘ ‘
K(a,)

Tiép tuc qua trinh trén cho d;, ..., d
Kha thi khong?

n.
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» Tong so tir c6 d6 dai d, chtra K(a,) lam tién to:
2d2 - dl.
° ME‘I 2d2 Z 2d2—d1 + 1
- Ton tai it nhat mot tir ma K(a,) thoa yéu cau.

* K(a;)?
— khong chtra K(a,) hay K(a,) lam tién to.

— Ton tai K(a;) néu
nd3 > 9d3—-dl  9d3-d2 1.

— Chia hai vé cho 2%:
1 >2dl 4 2-d2 4 7-d3

>Tong quat?

ntnhut@hcmus.edu.vn



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bat dang thuc Kraft

Dinh IV: Vi bang ky tw nguon cé n ky tu, bing
ky tw md c6 k ky tw. Dé xdy dung dwoc ma tirc
thoi voi cac do daima d,, d,, ..., d, cho truoc,
bat dang thirc Kraft sau phdi thoa:

kA + 2+, + k4 < 1.

Vi du: Ma hoa nhi phan {0, 1, 2, 3} v61 cac do
daima 1, 2, 3, 3 la kha th1 vi:
25 R e |

O St 0+—0 110 2+——110 3+ 111.

ntnhut@hcmus.edu.vn 21
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« BDT Kraft kiém tra su ton tai hay khong ciia
mot ma tic thoi thoa cac dieu kién do dai tu
ma cho trude.

¢ 3 guoc lai, cho trer¢c mot ma giai ma duy nhat
bat ky, cac do dai1 tir ma co thoa BDT Kraft
khong?
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Dinh 1y McMillan

Dinh IV: Moi ma gidi ma duy nhat déu thod bat
dang thirc Krafft:
kN + k2 + .+ <1.

Vidu:
» M khoi
* Ma 2-out-of-5:n=10,k=2,d. = 5 V1.
1022°) < 1!
* Ma tirc thoi
)0 110 2+—110 3+—111.
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* LT thong tin nghién ctru cach:
— M3 hoa thong tin c6 thé tu stra 10i nhiéu
— 4 én dit liéu

 Khai niém co ban:
— Ky tu, bang ky tu
— T ma
— Giai mi duy nhat
— M3 khoi
— Ma tuc tho1
— BDT Kratft
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Homework

[1] Jir1 Adamek, Foundations of Coding
Poc lai chuong 1 [1] va lam céc bai tap cuoi
chuong.

Doc trude chuong 2 [1] Ma Huffman.

Dang ky thanh vién trén web mon hoc

Ping ky nhom toi da 3SV/nhom.
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Bai tap 1

» 2 éu dung ma khoi thi d6 dai ma ngan nhat c6
thé dung 14 bao nhiéu dé ma hoa bang ky tu
nguon {A, B, ..., Z} bang bang ky tu ma {°,
—, “*} giong mi Morse.

ntnhut@hcmus.edu.vn



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

1
2
3
4
o
6
A
B
C
D
E
F

Bai tap 2

a) Xét tinh giai ma duy nhat cia
cac ma trong hai hinh bén? Chi
ra mot doan ma lam phan vi du
cho truong hop giai ma khong
duy nhat.

b) Ching co 1a ma tirc tho1 khong?
Giai thich.

c¢) Thay thé chung bang cac ma
tirc thoi khac co cung cac do
dai ma.
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Bai tap 3

» Dung bat dang thitc Kraft dé xét tinh giai ma
duy nhat cua cac ma sau
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Baitap 4

e Xay dung ma nhi phan tirc tho1 cho bang ky
tur nguon sau vo1 do dai ma tuong ing

G H
17 7

1
3
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Baitap 5

Pé ma hoa bang ky tur nguon sau vo1 do dai
ma tuong Gng, can it nhat bao nhiéu ky tu ma.
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