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Cac dang loi

# CO 2 loai 16

# LOi 1 bit (Single-bit errors)
# Chi 1 bit bj IO
@ Khéng anh hwdng dén céc bit xung quanh
@ Thuwdng xay ra do nhiéu trang

# LO6i chum (Burst errors)
@ Mot chudi lién tuc B bit trong dé c6 hit giéu, bit

cudi va cac bit bat ky nam gitra chudbi déu bi 16i

@ Thwong xay ra do nhiéu xung
@ Anh hwéng cang I&n doi voi toc dd truyén cao
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Phat hién 16i
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Figure 6.3 Error Detection Process



Phat hién 16i

# Parity check

@ La phwong phap phat hién 16i don gidn nhat

# Gan mot hit parity vao khoi di¥ liéu sao cho tong
sO bit 1 cua khoi dir liéu [a mét s chan hoac |é

@ C6 2 kiéu kiém tra parity
# Parity chan
#® Parity 1é

# Dac diém: chi do duoc 16i sai mét so 1€ bit, khong
clb dwoc 16i sal mét sg“> chan bit, khéng stra duwoc
6i, it dung trong truyén di liéu di xa, dac biét o)
tdbc do cao



Parity chan va lé

#® Parity check: bit kiém tra dwoc thém vao sao
cho tong sb6 bit 1 cua chudi bit 1a s6 chan
hoac lé

Hljci'ng truyén Time

—"THHHH\ N

Pudng d’ﬂ réi Star bit

Cdc bit cua mot ky tg Stop bits

1001001 1 Parity chdan
1001001 0 Parity le



Vidu

. Cho biét tin hiéu truyen la ki tw ma

v&i 1 bit kiém tra chan thém

vao di¥ lidu. Cho biét dir ligu nhan

dwoc dung hay sai, va neu dung thi

ky tw da truyén la gi néu chudi bit
nhan dwoc la:

a) [LSB]10110010[MSB]
b) [LSB]11001011[MSB]



Kiém tra tong khoi
(Block Sum Check)

@ S dung khi truyén di lidu dwdi dang mét
khoi cac ky tw, trong kiéu kiém tra nay, mdi ky
tw truyén di sé& dwoc phan phdi 2 bit kiém tra
la parity hang va parity c6t. Cac bit parity theo
trng cot dwoc goi la ky tw kiém tra khoi BCC
(Block Check Character)

# Phéat hién va slra sai néu l6i bit don

# Khong phat hién sai néu cac bit sai kiéu
chum nhuw: sal 4 bit, 2 bit cung hang va 2 bit
cung cot

# Cac triodng hop con lai thi phat hién sai dwoc



Kiém tra tong khoi
(Block Sum Check)

Cdc
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cna
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Kiém tra tong khoi

(Block Sum Check)

"% p. B, B, | B, |B,|B,
0|0 o/0/0 |10
1] 0 o/1/0|lo0o]o0
0 | 1 o/0o/l0|1 0
parity | 0 | O O,0| 0|0 O
“V11]o0 o1 [1 |01
0 | 1 o/o/o|o|o
1| 1 0|0 1| 1
1] 0 o/ 00|11
1 | 1 00|00 1

- Db tin cdy ciia BCC khodng 98 %

STX

ETX

BCC (chin)

Cac
Ky tu
cua
khung

¥



Cyclic Redundant Check
(CRC)

# Nguyén ly

# K bit message

# Bén phat tao ra chubi (n-k) bit FCS (Frame
Check Sequence) sao cho frame gri di
gbm n bit chia hét cho mét s6 xac dinh
trwvoc

# Bén thu chia frame nhan dwgc cho cung
moét s6 va néu khéng c6 phan dw thi co
kha nang khong co 101



Cyclic Redundant Check
(CRC)
# SO hoc modulo 2
# Cong hai s6 nhj phan (khdng nh)
# Exclusive OR (XOR)

I111 I111
+1010 —0101
0101 1010

11001
X 11

11001
11001

101011



Cyclic Redundant Check
(CRC)

# Xac dinh
@ T = frame c6 n bit can truyén
@ D = khoi di¥ liéu k bit (message) (k bit dau
cua T
@ F = (n-k) bit FSC (n-k) bit cudictua T
@ P = so chia duwoc xac dinh trwdc gom n-k

bt =2"kp + F

s 2"FD R
# Gia s =0+ —
P P




Cyclic Redundant Check
(CRC)
# Xac dinh
#Néuldy F=Rthi T =2"%D + R
# Chia T cho P ta c6

r_2""D+R _2""D R
P P P P
@ Suy ra £:Q+£+£

P P P

# Ma phép cong modulo 2 clia moét so Vo
chinh n6é bang 0
o Vay T R+R

Pt 5 Q



Vidu

# Cho khoi di¥ liéu D = 1010001101 (10 bit)
# S6 chia xac dinh trwéc P = 110101 (6 bit)
® TIMFCS=2,T="

#® Giai:
#®# Tacok=10
®#n—-k+1=6

#® Suy ran=6-1+10=15
@ Lay 2"« D chia cho P
# 2"-kD = 25D = 101000110100000

# Lay két qua trén chia cho P ta dwoc thwong
la 110001010 dw 01110



Vidu

#® Vay suy ra F=01110
® Tw désuyraT =101000110101110



Cyclic Redundant Check
(CRC)

S6 chia P
Dai hon 1 bit so v&i FCS mong mudn
Puwoc chon tly thudc vao loai 16i mong mudn phéat
hién
Yéu cau toi thiéu: msb va Isb phai la 1
Biéu dién 6i
Loi = nghich dado bit (i.e. xor cua bit do v&i 1)
T: frame dworc truyén
Tr: frame nhan duwoc
E: error pattern v&i 1 tai nhivng vij tri 16i xay ra
Néu cé 16i xdy ra (E #0) thi b thu khong phat hién
ra 16i do khi va chi khi Tr chia hét cho P, nghia la E
chia hét cho kho6 c6 kha nang xay ra



Cyclic Redundant Check
(CRC)

# CAch khéac dé xac dinh FCS la dung da thic
#D=110011 - D(X) = X>+ X4+ X +1
#P=11001 — PX)=X*+X3+1

X" D(X) R(X)
=Q(X) +

P(X) P(X)

T(X)= X" D(X) + R(X)




Vidu
# D{ liéu can truyén 1010001101 (k = 10) — Pa
thire biéu dién X° + X7 + X3 + X2 + 1
# Cho da thtre sinh: P(x) = X5 + X4 + X2 + 1 (n —
k+1=6hayn—-k=5hayn=15)
@ D@ liéu D dich trai 5 bit. X"k D(x) = X> D(x) =
X14+X12+X8+X7+X5



1 Vi du
# Thuwce hién phép chia

X2+ x84+ x84 x* + x2 4x
}:5+}:4+:{2+l ‘ }{|4+K12+KH+}{?+}:5
B O
VLEITIG bTIS R IR JUUpes. DINSY QNIgNE.
13 x 12 4 10 4 8
VLR RTINS L R QUL TR
1 x 104 B (6
O+ %
9+ %8 + x6 x4
7+ x5+ x4
7 4+ x0 + x* + X2
6+ x5+ x2
X"+ x7+x+x
x>+ x +x =R(X)




Vidu

& Vay F = 01110
@ D@ liéu dwoc truyén 1a T= 101110100001110



Cyclic Redundant Check
(CRC)

* 4 da thirc sinh dwoc st dung rong rai
- CRC-12=X"2+ X"+ X3+ X2+ X + 1
« 12-bit FCS
- Dung dé truyén chudi cac ky tu cd d6 dai 6-bit
— CRC-16 = X6 + X15 + X2 + 1
« 16-bit FCS
« Dung dé truyén chudi cac ky tu co d6 dai 8-bit
+ USA
— CRC-CCITT = X16 + X12 + X5 +1
« Europe
— CR(C-32 = X532 4 X26 4 X23 4 X22 4 X16 4 X12 4 X11 4 X0 4 X8
+ XT+ X5+ X4+ X2+ X+ 1
« 32-bit FCS
« Point-point synchronous transmission, DVB-T...



Cyclic Redundant Check
(CRC)

Céc 16i dwoc phat hién

—Tat ca céac 16i bit don

—Tat ca cac 16i kép néu P(x) cé it nhat 3 toan
hang

— Mot sb 1& 16i bat ky néu P(x) chira 1 thira s
(x+1)

— Bat ky 16i chum nao ma chiéu dai clia chum
nhd hon hoac bang chiéu dai FCS (n=k)

—Hau hét cac 16i chum I&n hon

CRC la mét trong nhirng phwong phap
thdng dung va hiéu qua nhat dé phat hién 16i
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Stra 10i
Céach stra 16i thong thwdng la yéu cau truyén lai
khoi di¥ liéu bij 16i

Khéng thich hop cho cac &ng dung trao dbi div
ieu kKhong day
— Xé&c suét 16i cao, dan dén viéc phai truyén lai nhiéu

— Thoi gian tré truyén I&n hon nhiéu thdi gian truyén 1
Knoi div liéu

— Co_ché truyén lai 1a truyén lai khdi di liéu bi 16i va
nhiéu

khdi div liéu khéc tiép theo

Can thiét stra 16i dwa vao cac dir lieu nhan
dwoc
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Ma hoa Huffman

Dwa vao tan suat xuat hién cla cac ky tw trong
mot khung truyén

M& ho& sb bit nhd hon cho céc ky tw co tan
suat xuat hién nhiéu va ma hoa voi sO bit nhiéu
hon cho cac ky tw c6 tan so xuat hién it

Trwde tién xac dinh tan suat xuat hién cda tirng
Ky tuw

Dung cay Huffman (cay nhi phan v&i cac nhanh
dwoc gan cac giatri 0 1)



Ma hda Huffman

Xét vi du: Cho ngudn tao mot thong diep
goém céac ky tw AAAABBCD biét rang toc
do ky hiéu bang 2000 symbols trong 1

giay
Cho biét cac tr ma A, B, C, D trwdng
hop ma hdéa dong déu

Lap lai cau a v&i ma Huffman



Ma hdéa Huffman
Giai:

Néu ma hoa dong déu thi ta cd 4 ky hiéu
nén dung 2 bit dé ma hoa. Cu thé co thé
chon nhw sau:

A: 00
B: 01
C:10
D: 11



~S Vd
Ma hoa Huffman
Giai:
b. Sé Ian xuat hién cla Ala 4, cla B 14 2, clia C va D déu la
1
Sap xép cac ky hiéu theo tan sut xuét hién gidam dan va ap

dung gan cac nhanh nhi phan nhw sa~ 1

A(4) 8
_l -
B(2) 4
1 2 0
c() —
D(1) o



Ma hda Huffman

o
Giai: . 1
b. Lap cay nhi phan ) A

o 1
2 B
@) 1
D C

Khi ma héa cac ky hiéu thi gan cac bit nhi phan tw
ré toi 14, ta co
A= 1, B=01; C=001; D=000



M3 hoa Huffman

Pi

.34

23

.58

19

42

A

24

.07

06— 45

.01
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Codewords

10

011

0100

01011

34




