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CHUONG 4
XU LY SO LIEU TRUYEN

Trang bi cho sinh vién: Cac phuong phap ma hoa s6 li€éu muc vat 1y, phuong phap phat hién
sai va sua sai, cach thirc nén so liéu va mat ma hoa so li€u trong qua trinh truyén so li¢u.

4.1 MA HOA SO LIEU MUC VAT LY

S6 liéu cung cap tir may tinh hodc cac thiét bi dau cudi s liéu thuong ¢ dang nhi phan don
cuc (unipolar) vé6i cac bit 0 va 1 dugc biéu dién cung muc dién 4p 4m hodc duong. Toc do
truyén dan cua chiing duoc tinh bang sé bit truyén trong mdt gidy. Cac sb liéu nay khi truyén
di s& dugc bién doi sang dang tin hi€u vdi cac k¥ thudt ma hoa khac nhau. Céc tin hi€u nay
dugc dac trung béng su thay d6i muc dién hodc toc do truyén cua chung vi thé chung dugc
xac dinh béng tde do cua su thay ddi nay, con dugc goi la tdc do diéu ché va duge tinh béng
Baud.

4.1.1 Unipolar:

La dang don gian nhat va nguyén thity nhat. Cho du ddy 1a dang da lac hau,nhung tinh chat
don gian ctia nd ludn 14 tién dé cho cac ¥ niém vé phat trién cac hé théngphtic tap hon, dong
thoi phuong phap ndy ciing giup ta nhin thdy nhiéu van dé trong truyén sb liéu phai giai
quyét. Hé thdng truyén sé lidu hoat dong trén co s& goi cac tin hiéu dién 4p trong moi truong
két ndi, thuong 14 day dan hay cap. Trong nhiéu dang ma hoa, mot muc dién ap biéu thi cho
gié tri nhi phan 0 va mgt mtrc khac cho gia tri 1. Cuyc tinh ctia xung tuy thudc vao gia tri dién
ap la duong hay am. Ma héa don cuc (unipolar) 1a phuong phép chi dung mét dang cuc tinh,
thuong thi cuc tinh nay biéu didn mot gia tri nhi phan, thuong 1a 1, con gié tri dién ap khong
thuong dung cho gia tri bit 0.

4.1.2 Ma@ héa NRZ (Non Return to Zero Level):
NRZ 1 mét k¥ thuat ma hoa kénh gitip chuyén cac gia tri logic bit thanh cac xung dién co thé
truyén qua duong truyén hiru tuyén. Ma héa NRZ 1a trong thoi gian mot bit tin hiéu khong tré
vé mirc 0, ding trong truong hop luu dit bang vat liéu bang tir tinh. it dung trong truyén sd
liéu
4.1.3 Nonreturn - to - Zero - Level (NRZ - L)

0 = muc cao

1 = mirc thap
Pay 1a dang ma don gian nhat, hai tri dién thé cung ddu (don cuc) biéu dién hai trang thai
logic. Loai ma nay thuong dugc dung trong viéc ghi dit li¢u 1én bang tur, dia tu,. . .
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4.1.3 Nonreturn - to - Zero Inverted (NRZ - 1)
0 = chuyén mirc dién thé & dau bit
1 = khdng chuyén mirc dién thé & dau bit

NRZI 1a mot thi du cia ma vi phan: sy ma hoa tly vao su thay doi trang théai caa cac bit lién
tiép chtr khdng tly thudc vao ban than bit d6. Loai ma nay cd loi diém 1a khi giai ma may thu
chi can do su thay dbi trang théi caa tin hiéu thi ¢d thé phuc hoi dit liéu thay vi phai so sanh
tin hiéu voi mot tri ngudng dé xac dinh trang thai logic cua tin hiéu dé. Két qua la cac loai ma
vi phan cho d¢ tin cdy cao hon.

414 MARZ

Cac muc nhi phan cua dit liéu duoc biéu dién bang cac mirc dién ap twong (mg trong nita chu
ky bit, sau d6 tro vé 0 trong nira chu ky ké tiép

4.1.5 Ma Manchester
0 = Chuyén tir cao xudng thap & giira bit
1 = Chuyén tir thap 1én cao ¢ giira bit
4.1.6 Ma Manchester vi sai (Differential Manchester)
Ludn ¢ chuyén muc & giita bit
0 = chuyén murc ¢ dau bit
1 = khong chuyén murc & dau bit
4.1.7 Ma B8ZS

La m3 AMI c¢6 thém tinh chat: chudi 8 bit 0 lién tuc duoc thay bdi mot chudi 8 bit ¢ ca bit 0
va 1 véi 2 ma vi pham luét ddo bit 1

Néu trude chudi 8 bit 0 1a xung duong, cac bit 0 nay dugc thay thé boi 000 + - 0 - +
Néu trude chudi 8 bit 0 1a xung 4m, céc bit 0 nay duge thay thé boi 000 - + 0 + -

Nhan xét bang ma thay thé ta thdy c6 su vi pham ludt dao bit & 2 vi tri thu 4 va thir 7 cia
chudi 8 bit.

4.1.8 Ma HDB3

La md AMI c6 thém tinh chat: chudi 4 bit 0 lién tuc dugc thay boi mot chudi 4 bit ¢o ca bit 0
va 1 voi 1 ma vi pham luat ddo bit 1

Su thay th’é chudi 4 bit cia ma HDB3 con | S6 bit 1 tir 1an thay thé cudi ciing
theo qui tac sau: Cuc tinh cua xung trudc Lé chin
do
- 000- +00+
+ 000+ -00-
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4.2 PHAT HIEN LOI VA SUA SAI
4.2.1 Tong quan

Khi dit liéu dugc truyén gitta 2 DTE, cac tin hiéu dién dai dién ludng bit truyén rit d& bj thay
dbi sai s6 d6 do nhiéu nguyén nhan: dudng day truyén, luu luong truyén, loai mi dung, loai
diéu ché, loai thiét bi phat, thiét bi thu. Dic biét 1a do sy thAm nhap dién tir cam tmg 1én cac
duong day tir cac thiét bj dién gan d6, Néu cac duong day ton tai trong mot moi trudong xuyén
nhiéu thi du nhu mang dién thoai cong cong. Piéu nay c6 nghia la céc tin hi€u dai dién cho bit
1 bi du thu dich ra nhu bit nhi phan 0 va nguoc lai. DPé xac suit thong tin thu dugc boi DTE
dich gidng thong tin di truyén dat dugc gia tri cao, can phai c6 mot vai bién phap dé noi thu
c¢6 kha nang nhan biét thong tin thu dugc c6 chia 16i hay khong, néu c6 15i s& c6 mot co cu
thich hop dé thu vé ban copy chinh xéac cta théng tin.

Pé chdng sai khi truyén sb liéu thudng ¢ 2 cach :

Dung bo gidi ma c6 khd nang tu stra sai

Truyén lai mot bd phan cua dir li€u dé thuc hién viéc sta sai, cach nay goi la
ARQ(Automatic Repeat Request).

4.2.2 Phwong phap kiém tra chin 1é theo ky tu (Parity Bit)

Phuong phép théng dung nhét duoc dung dé phat hién 13i cta bit trong truyén khong dong bd
va truyén dong bo hudng ky tu 1a phuong phap parity bit. Vi cach nay may phat s& thém vao
mdi ky tu truyén mot bit kiém tra parity dd duoc tinh toan trude khi truyén. Khi nhan duoc
thong tin truyén, may thu s€ thyc hién céc thao tac tinh toan trén cac ky tu thu dugc , va so
sanh voi bit parity thu duge. Néu chiing bang nhau thi duoc gia sir 1a khong co 15i, ¢ day ta
dung tir gia sir, boi vi cach nay c6 thé khong phat hién dugc 16i trong khi 18i van ton tai trong
dit liéu. Nhung néu chiing khac nhau thi chic chan mot 16i xay ra .

Dé tinh todn parity bit cho mot ky tu, s6 cac bit trong ma ky tu duwoc cong module 2 véi nhau
va parity bit dugc chon sao cho tong s cac bit 1 bao gdm ca parity bit 1a chin (even parity)
hoac l1a 1¢ (odd parity)

Trong bd ma ASCII mdi ky tu c6 7 bit va mot bit kiém tra

Vi kiém tra chin gi tri cta bit kiém tra 1a 1 néu s6 luong cac bit ¢6 gia tri 1 trong 7 bit 1a 1é
va c6 gia tri 0 trong truong hop nguoc lai.

V6i kiém tra 1é thi nguoc lai. Thong thuong nguoi ta st dung kiém tra chin va bit kiém tra
goi 1a P. Gia trj kiém tra d6 cho phép ¢ dau thu phat hién nhiing sai sot don gian

Vi du: Kity MaASCII Ttr ma phat di Bit kiém tra P
A 1000001 10000010 0
E 1010001 10100011 1

Phuong phap parity bit chi phat hién cac 16i don bit (s6 lwong bit 15i 1a sb 1¢ )va khong thé
phat hién céc 16i 2 bit (hay s bit 15i 1a mot sé chén)
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4.2.3 Phuwong phap kiém tra tong khdi

Khi truyén di mot khdi thong tin, mdi ky tu dugc truyén di sé duoc kiém tra tinh chin 1¢ theo
chiéu ngang, dong thoi ca khdi thong tin nay ciing dwoc kiém tra tinh chin 1é theo chiéu doc.
Cir sau mot s byte nhat dinh thi mot byte kiém tra chin 1¢ ciing duoc guri di, byte chin 1é nay
duoc tao ra bfmg cach kiém ta tinh chin 1é cta khdi ky tu theo cdt. Dua vao céc bit kiém tra
ngang va doc ta s€ xac dinh dugc toa do cua bit sai va stra duoc bit sai nay

Chiing ta c6 thé thdy rang mic du cac 15i 2 bit trong mot ky tu s& thoat khoi kiém tra parity
theo hang, nhung chiing s& bi phat hién boi kiém tra parity theo cot twong ing. Di nhién diéu
nay 1a ding chi khi khong c6 13i 2 bit xay ra trong ciing mot cot tai ciing thoi diém. RS rang
X4c suit xay ra trudng hop ndy nho hon nhiéu so véi xac suat xay ra 18i 2 bit trong mot ky tu.
Viéc dung kiém tra theo ma tran cai thién déng ké cac dic trung phat hién 18i cta kiém tra
chan I¢

Vi trf bit truyén Day bit truyén di Kiém p theo hang
1 1 /0 |0 |O |O |0 |21 |O
2 1% 0% [0 0 |1 |0 |1
3 1 /0 |1 |0 |O |1 |1 |O
Kiém tra p theo cot 1 /0 |1 (1 |0 |[O |0 |O

Vi du: sau khi truyén nhan dugc day truyén nhu dudi day dua vao sy thay doi ciia cac bit p
doc va ngang sé& xac dinh duoc vi tri 16i twong tng (hinh dudi)

Vi tri bit truyén Diy bit truyén di Kiém p theo hang
1 1 |0 |0 |qOTO0 T 7L
2 110 |0 |1] |1 4+—010
3 1 /0 (1 |o||ofl1 |1 |O
Kiémtraptheocot |1 [0 |1 |0 |1 [0 |0 |O

Tuy nhién phuong phap nay ciing khong hoan toan hiéu qua. Gia st bit thir nhat va bit thi 3
ciia ky ty tha nhat bi sai kiém tra hang s& khong bj sai, nhung kiém tra chin 1¢ cta cot s& phat
hién bi sai, nhung khong xac dinh dugc vi tri sai ???

Vi trf bit truyén Day bit truyén di Kiém p theo hang
1 1 /0 (0 (O |1 |0 |0 |O
2 1 /0 |0 0 |1 |0 |1
3 1 /0 (1 (0 (0 |1 |1 |O
Kiém tra p theo cot 1 (0 |1 |1 (1 |0 |0 |1
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Bay gio ta lai gia thiét ring bit thir nhit va bit thir 3 cia ky ty thir 3 ciing bi sai dong thoi véi
bit thir nhét va bit thir 3 ciia ky tu thir nhat, luc d6 kiém tra chin 1é cua cot va hang déu khong
thdy sai nén da khong phat hién duogc sai???

Vi tri bit truyén Diy bit truyén di Kiém p theo hang
1 110 |0 [0 |1 |0 |0 |O
2 110 |0 0 |1 |0 |1
3 110 |1 (0 |1 |1 |0 |O
Kiém tra p theo cot 1 /0 |1 (1 |0 |0 |O |O

4.2.4 Phwong phap ma dw thira - md vong (CRC)
Mot tir ma duoc viét dudi dang mot da thuce
C(X) = Cna X"+ Cpo XM+ ... +Cy1 X + Co

Phuong phap kiém tra tin hiéu bang ma vong dugc thyc hién nhu sau: Tin hiéu can phat di
g6m k bit s& duoc bén phat thém vao n bit nira dé kiém tra dugc goi 12 Frame Check Sequence
(FCS). Nhu vay tin hiéu phat di bao gdm k+n bit. Bén thu khi nhan duoc tin hiéu nay s& dem
chia cho mot da thirc duoc goi 1a da thirc sinh da biét truée (bén phat va bén thu déu cing
chon da thiic nay). Néu két qua chia khong du coi nhu tin hiéu nhan dugc 1a ding. Van dé
duoc dit ra 1a n bit thém vao s& duoc xac dinh nhu thé nao khi da biét khung tin can tmyén di,
va biét da thirc sinh dd dugc chon, n bit thém vao d6 duoc goi 1a CRC (Cyclic Redundancy
Check). Phuong phép tao ra CRC bao gdm viéc dich thong bao sang tréi ¢ bit (¢ chinh 14 bac
ctia da thirc da chon trudc) sau do6 thuc hién phép chia cho da thirc dugc chon nay. Két qua du
lai ciia phép chia chinh 1a CRC. Bén thu sau khi nhan dugc thong bao cling dem chia cho ham
biét trudc nhu bén phat. Néu két qua bang 0. phép truyén khong sai sb.

Tinh x4u phai truyén di FCS theo 4 budc:

Budc 1: Chuyén thong bao nhi phan thanh da thirc M(x), sau d6 chon da thirc sinh cho trudc
G(X) = X°+ 1 ¢6 bac cao nhét 1a ¢ (c 1a d6 dai ciia xau kiém tra CRC)

Budc 2: Nhan M(x) vai X©

Budc 3: Thyuc hién M(x)*X%G(x) duoc két qua 13 thuong Q(x) va s6 du R(x). R(x) chinh 14
xau kiém tra CRC

Budc 4: Thanh 1ap xau truyén di la: M(x)*X® +R(x)

Vi du: x4u can truyén 1a: 110101 hiy st dung phuwong phap ma CRC dé kiém tra 15i khi
truyén

Giai:
Budc 1: Diy nhi phan 110101 c6 thé duoc dang da thirc 1a M(x) = X° + X* + X2 +1

Budc 2: Chon da thire sinh ¢6 sé mii 1a 3: G(x) = X°+ 1
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Bude 3: Tinh M(X)*X3/G(X) = Q(x) + R(x) = (X8 + X7 + X5 + X3)/x3 + 1
X+ X+ X+ X ‘ X
X" X* ~ X+ X' +X +]
X+ X7
X + X
X* +X
X' +X
X
X+ 1

Két qua cho: Q) =X +X4+ X +1
R(X)=X+1
= Xau kiém tra CRC 1a: X +1 =011 (dai 3 ky tu)
Budc 4: X4au phai truyén c6 ma CRC la: M(x)*X¢ + CRC = 110101011
Thu va kiém tra CRC

Dé kiém tra sai s6 khi truyén bén thu dem khdi thong tin thu dugc chia cho G(x) theo modul
2, néu s6 du nhan duoc 14 0 thi truyén ding, nguoc lai dir li¢u da bi truyén sai

Vi du: Théng tin truyén di la: 110101011
Thong tin nhan dugc 1a: 110101011
C6 nghia thong tin truyén dung tirc 13 R(x) =0
Kiém tra CRC nhu sau:
Chuyén thong tin nhan duoc thanh da thirc: x8 +x7 +x5 + x3 + x1 + 1
Da thire sinh cua hai bén phat va thu la: G(x) =x3 + 1

Chia da thirc nhan duge cho G(x), két qua R(x) = 0, vay khong c6 truyén sai

X X7+ X+ X2+ X+ Xl
X* X* | X*+X*+x+1
X7 + X3
X7 + Xt
X +X3+ X
x* + X
X3 +1
X3 +1
0=R(x)
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4.2.5 Phat hién va sira sai theo ma Hamming

M4 Hamming 12 mot ma sira 131 tuyén tinh duoc dit tén theo tén ciia ngudi phat minh ra no,
Richard Hamming. Ma Hamming c6 thé phat hién va sira duoc sai cho mot s6 bit nhat dinh

Nguyén tic:

Mot tir md Hamming gdm m bit nhj phan dit liéu va p bit kiém tra chin 1& (2P -1 > m + p), p
bit kiém tra duoc b tri tai cac vi tri thich hop dé phat hién chinh xac vi tri 161 13 cac s6 mil
ctia 2 vi du: 20, 2%, 22,...

T4t ca céac vi tri bit khac duge dung cho dir li¢u s€ dugc ma hoéa. (cac vitri 3,5, 6,7, ...

MGdi bit chin 1¢ tinh gia tri chan 1¢ cho mét sd bit trong m bit. Vi tri ciia bit chin 1é quyét dinh
chudi cac bit ma no luan phién kiém tra va b qua

Vi tri 1 (n=1): bé qua 0 bit(n-1), kiém 1 bit(n), b qua 1 bit(n), kiém 1 bit(n), bé qua 1 bit(n),
v.v. — pl (29

Vi tri 2(n=2): b6 qua 1 bit(n-1), kiém 2 bit(n), bd qua 2 bit(n), kiém 2 bit(n), b qua 2 bit(n),
vv. —p2(2Y)

Vi tri 4(n=4): b6 qua 3 bit(n-1), kiém 4 bit(n), bd qua 4 bit(n), kiém 4 bit(n), bo qua 4 bit(n),
V.V. —p3 (29

Vi tri 8(n=8): bo qua 7 bit(n-1), kiém 8 bit(n), bo qua 8 bit(n), kiém 8 bit(n), bé qua 8 bit(n),
V.V. — p4 (2%

Vi tri 16(n=16): bo qua 15 bit(n-1), kiém 16 bit(n), bé qua 16 bit(n), kiém 16 bit(n), bo qua 16
bit(n), v.v. — (29

Vi tri 32(n=32): b qua 31 bit(n-1), kiém 32 bit(n), bo qua 32 bit(n), kiém 32 bit(n), bé qua 32
bit(n), v.v. — (2°)

va tiép tuc nhu trén.

Xac dinh vi trf 131 bang cach 14y mudul 2 (xor) ctia cac bit chin 1¢ cua dit liéu sau va trude khi
truyén néu = 0 thi khong co 16i, nguoc lai thi vi tri 16i 1a két cia phép modul 2 chuyén sang
hé thap phan.

b) Vi dy 1: cho m bit di¥ ligu can truyen la: 0110101 hay chén céc bit can thict vao theo
phuong phap ma stra sai Hamming. (cho biét day truyén tir phai sang trai —)
Giai:
-m=7,p =4 (2°-1>7+4) cac bit pl, p2, p3, p4 dugc b tri vao céc vitri 1,2,4,8
- Céc vi tri 3,5,6,7,9,10,11 1a céc bit dir lidu
- Xéc dinh pl, p2, p3, p4 theo thuat toan két qua la: 1000
pl= 01011 =1 (xor)
p2=01001=0
p3=110=0
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p4=101=0

- Rai céc bit vura tinh dugc vao trong xau goc ta dugc xau can truyén la: 10001110010
Thar tr bit 1 /23 4| 5|6 |7 |89 10/(11

Vi tri bit chian 1& va cac bit dii liéu |py | pa|d; ps/daz ds | dy|py ds| ds | d-

Nhém dix lieu (Khéng o bit chan 1€): (1] 11 0 1 0|1
P1 1 O 1 O 1 1
Pz o |0 1 0O o |1
P= o 1 1 O
Pa o 1 0O |1
Nhoém dir liéu (vei bit chan 18): i ¢ 0 0 1 1 o0 o0 1 0 |1

Xac dinh vi tri bit 16i nhu sau:

- Gia st sau khi truyén nhan dugc day nhi phan la: 10001100100.
Tha tyr bit 1 2 3 4 5 6 7 8 9 1011

Wi tri bit chan 1é va cac bit div liéu p;y (p2|d) p3s d: ds dy|py|ds ds | d5

Gia svr Jdi¥ Héu sau khi nhan 1a: i 0 0 0 1 1 0|0 1 0|0
L i} o 1 0 1 o
P2 10 1 |0 o |0
Ps o 1 1 O
Py 1|1 (O (O

bit bi dao 16n co nén tham

- Bang cach xé4c dinh céc bit chin 1& pl, p2, p3, p4 nhu trén ta duoc: p1=0, p2=1, p3=0,
p4=1

- Thyc hién phép XOR cac bit chin 1é trudc va sau khi truyén ( chu y phai viét nguoc
lai):
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p4 p3 p2 pl
1 0 1 0
XOR 0 0 0 1
1 0 1 1 = 11(10) — vi tri 181 1a 11

¢) vi du 2: Cho chudi bit gbc m = 1101100111, hdy chén cac bit can thiét vao theo
phuong phap ma sira sai Hamming. (cho biét day truyén tir trai sang phai <)

Giai:
-m=10, p=4(2*-1> 10 + 4) cac bit p1, p2, p3, p4 duoc bd tri vao cac vi tri 1,2.4,8
- Céc vi tri 3,5,6,7,9,10,11,12,13,14 1a cac bit dir lidu
- X4ac dinh p1, p2, p3, p4 theo thuat toan két qua la:
pl=110011=0
p2=110111=1
p3=110110=0
p4=011011=0

Rii cic bit vira tinh dugc vao trong xau goc ta dugc xAu can truyén la:
11011000110110

Gia sir sau khi truyén xau nhan dwoc1a: 110110011101 10 hay xac dinh vi tri 18i
Tim pl, p2, p3, p4 cua xau nhan:
P1=111011=1
P2=111111=0
P3=111011=1
P4 =011011=0
-Vitrildila p4  p3  p2  pl
0 1 0 1
Xor O 0 1

0 1 1 1 —Vitrildila7

D

4.3 NEN SO LIEU
4.3.1 Khai quat

Noi dung thong tin truyén di bao gdm dir liéu gdc dudi dang chudi ky tur c6 chiéu dai ¢b dinh.
Trong d6 dit liéu duoc nén trude khi truyén di, nén dir lidu 1a mot viéc 1am thiét yéu trong cac
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dich vy truyén dan cong cong, vi du truyén qua mang PSTN, vi trong cac mang cic mang nhu
vay viéc tinh cudc dya vao thoi gian va cy ly truyeén. .

Trong thuc té ching ta c6 thé ding mot loat cac giai thuat nén khac nhau, mdi giai thuat s&
pht hop v6i mot loai dit liéu. Vai modem thong minh s& cung cip dic trung nén thich nghi tu
dong thuc hién cac giai thuat nén phu hop véi loai dir liéu dang dugc truyén

4.3.2 Nén nho don gian mé cho céc chir sé (Packed Decimal)

Khi dir liéu chi bao gdm céc ky tur sé hoc dang dugc truyén, ching ta c6 thé tiét kiém dang ké
bang cach giam s bit trén mdi ky tu tir 7 xudng 4 thong qua md BCD, thay cho ma ASCII vi
cac s6 tir 0 — 9 déu c6 3 bit cao 14 011 (thuc té 3 bit ndy dung dé phan biét giira ky tu 1a s6 va
khong phai 12 s6). Do vay néu dit liéu chi 1a cac ky tu s6 thi 3 bit nay 1a du thira

4.3.3 Nén theo ma héa quan hé

Mot phuong phap khac dugc st dung khi truyén dit liéu s6 hoc ké tiép chi khac nhau phan
nho vé gia tri 14 chi gui lugng khac nhau giita cac gia tri ndy cing v6i mot gia tri tham khéo.
biéu nay dugc goi 1a ma hoa quan hé va nd cé thé dem lai hiéu qué dac bi¢t trong cac Ung
dung ghi nhan dir liu.

Vi du: néu giam sat tir xa muc nude cua dong song thudng doc mirc nude theo cac khoang
thoi gian dinh trude . dé t6i thiéu thoi gian can truyén thay vi truyén gia trj chi muc nude
tuyét ddi, chiing ta chi can truyén di cac gia tri khac nhau.

4.3.4 Nén bang ciach bé bét cac ky tw giong nhau (ma hoa dd dai loat Run-Length
Encoding)

Thong thuong dir liéu dugce truyén thudng xuat hién chudi lap lai cac ky tu giéng nhau. Thiét
bi diéu khién tai may phét s& quét ndi dung cua dir lidu trude khi truyén néu gap mot chudi ky
tu lién tiép gidng nhau thi ching s& duoc thay thé boi mot cap s va ky tu.

Vi du, xét chudi sau: AAAABBBAABBBBBCCCCCCCCDABCBAAABBBBCCCD

Chudi nay gém bén chit A theo sau béi ba chit B r6i lai theo sau boi hai chir A, rdi lai theo
sau boi nam chit B...Do d6 ¢6 thé sir dung phuong phap ma hoa do dai loat dé ma hoa. Vi vay
chubi ki tu trén duoc ma hoa lai nhu sau:
4A3BAA5SB8CDABCB3A4B3CD. "4A" ¢ nghia 1a "bén chit A"... Chu ¥ 1a khong nén ma
hoé cac loat chay c6 d¢ dai 1 hoac 2 vi can dén hai ki ty dé& ma hoa. Déi voi céc tap tin nhi
phan y tudng ¢ day la luu lai cac d¢ dai loat béng cach tan dung su kién céc loat chay c6 thay
d6i gitta 0 va 1. Vi du diy nhi phan 1010 duoc biéu dién boi cip sé dém va ky ty thi 1a nhu
sau 11101110 nhung dé tranh phai luu chinh cac s6 0 va 1 d6, mot phién ban dugc tinh ché
ctia phuong phap nay dugc dung da thu duoc su tiét kiém dang ké, luc nay diy nhi phéan trén
s& duoc biéu dién 1a 1010 (tiét kiém duoc 4 ky tu dung lam sb dém). C6 nghia 1a ta tiét kiém
cac bit trén mot loat chay chi khi do dai cua duong chay 1a 16n hon sb bit can dé bidu dién
chinh no trong dang nhi phan. Viéc ma hoa d6 dai loat can dén cac bidu dién riéng biét cho
tap tin va cho ban da dugc ma hoa cua no, vi vady n6 khong thé dung cho moi tap tin, vi duy,
phuong phap nén tap tin ki ty s& khong dung duoc dbi véi cac chudi ki tir ¢6 chira sd. Néu
dung nhitng ki tw khac dé ma hoa cac sé dém, thi né s& khong 1am viéc véi cac chudi chira cac
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