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A. DATA LINK

»Dicu khién luong (dong)
® Phat hién 10i

= X1 1y 10i




Dicu khién luong

{‘Lé k¥ thuat nham dam bao rang bén phat khong lam tran dit liéu bén
nhan

- Hai phuwong phap dugc su dung:

» Phu

phap dung va cho (Stop and Wait)

®»DPon gian nhat,

Keém hi¢u qua, chi c6 mot khung tin dugc truyén tai mot thoi diém
Phuong phap cira so trugt —(Sliding Window Flow Control)
®»Hicu qua

® Cho phép truyén nhiéu khung tin cing mét ltc trén kénh truyén



Phuong phap dung va cho

® Truyén mot go1 tin va cho bao nhan
® Bén phat truyén mot khung tin
® Sau khi nhan dugc khung tin, bén nhan gur la1 xac nhan

n phat phai dgi dén khi nhan duoc xac nhan thi méi truyén khung tin tiép

= Bén nhan c6 thé dimg qua trinh truyén bang cach khong gitri khung tin xac nhan
® Tai mot thoi diém chi c6 mot khung tin trén duong truyén > cham

» Truong hop d6 rong ctia kénh truyén 16n hon d6 rong ctia khung tin thi né to ra
cuc ky kém hi¢u qua.



Phuong phap cira so truot

Cho phép nhiéu khung tin dugc truyén tai mot thoi diem
->Truyén thong hi€u qua hon.

A va B duoc két ndi truc tiép song cong (full duplex).

B ¢6 bo dém cho n khung tin -> B ¢0 thé chap nhan n
khung tin, A c6 thé truyén n khung tin ma khong can doi
xac nhan tlr bén B

Mobi khung tin dugc gan nhan bdi mot so thi tu.

B xac nhan khung tin da dugc nhan bﬁing cach gu1 xac
nhan cung vo1 so thtr tu cua khung tin ti€p theo ma no
mong muon nhan



Phuong phap cira so trugt

® A duy tri danh sach cac so thtr tu dugc phép gui
® B duy tri danh sach s6 thtr tu chuan bi nhan

[ la cura sO cua cac khung tin

1€u khién dong cura so truot



Phuong phap cira so trugt

» Doi voi duong truyén 2 chiéu thi moi bén phai sir dung hai
cua so:
®» Mot cho phat va mot cho nhan

®»Mo0o1 bén déu phai gui dir liéu va giri xac nhan to1 bén kia

S6 thir tu dugc luu trit trong khung tin

® Bj gidi han, truong k bit thi so tht tu duoc danh so theo Module
cua 2K

» Kich thudc cta cira s khong nhat thiét phai lay 1a maximum ( vi
du truong 3 bit, co thé lay do dai cura so 1a 4)



Xl ly 16i: ARQ dirng va cho

® Trén co so ki thuat diéu khién ludng dirng-va-cho
®» Kiém soat 16i:
®» K hung tin to1 bén nhan b1 hong: Truyén lai, str dung
dong ho dém gio time-out

®» Bao nhan b1 hong: Time-out, bén phat gui lai, st dung
label 0/1 va ACKO/ACK1 phéat hién 16i




X ly 16i: ARQ dirng va che
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X ly 16i: ARQ Quay-Iui-N

® Trén co sé ki thuat dieu khién luong bang Cira so trugt

» Kiém soat 16i:

» Khung hong:

hung i-1 thanh cong, i 161, bén nhan giri SREJ i, bén phat guri lai

» Khung 1 mat, i+1 duoc nhan khong dung trinh tu, REJ 1, bén gin
phat lai 1 va cac khung sau do

» Chi khung i duoc truyén va bi mat, bén nhan khong biét i da duoc
truyén di, bén phat gu1 time-out va gu1 RR vo1 P=1, khi bén phat
nhan dugc RR tir bén nhan nd s€ phat lai 1



X ly 16i: ARQ Quay-Iui-N

» RR hong:

®» B nhan khung i va gii RR(i+1), RR(i+1) mat, A c6 thé nhan

RR(>1+1) trude kh1 RR(1+1) time-out, va co nghia la khung 1 da

thanh cong.

»RR(i+1) time-out, A c6 gang giri RR v§i P-bit cho dén khi nhan
duoc RR tir B mot so 1an nhat dinh, néu van khong nhan dugc thi
Khot dong la1 giao thire

®» Reject hong:

» A time-out, A giri RR v&i P=1 cho dén khi nhan dugc RRi tir B
thi A s€ gui1 la1 khung 1
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X ly 16i: ARQ Chon-Huay (Selective-
Reject)

® Chi truyén lai nhitng khung c6 bao nhan 1a 16i (SREJ)
® Phai duy tri du by dém du 16n

®» Dam bao tinh logic phirc tap dé gtri va nhan cac khung theo
ding trinh tur.

» ARQ Chon-Huy phai giai quyét dugc su chong chéo giira cira
sO gu1 va nhan.




Xt 1y 16i: ARQ Chon-Huy (Selective-
Reject)

® Tram A gui cac khung tir 0 dén 6 tdi tram B.
®» Tram B nhén tat ca 7 khung va bao nhan tich Ity vo1 RR 7

® Vi li do ndo d6 vi du nhu nhiéu l[am RR 7 bi mat trén duong
truyén.

®» Dong ho & A hét han va A truyén la1 khung O.

» B d3 diéu chinh trudc cira so nhan dé c6 thé nhan cac khung
7,0,1,2,3,4va5. Do do ma khung 7 dugc coi 1a b1 mat va
khung nhan duoc nay 1a khung s6 0 mdi, va dugc chap nhan
bo1 B.




Gioi thiéu Phwong Phap CRC

®» CRC la mot phuong phap dé phat hién 16i bang cach gan thém
maot khoi bit phia sau khoi dir licu .

» Thuit toan dé tao ra khi bit CRC 1a dya trén phép cong co s6 2 .

= CRC la phan du cta phép chia nhi phan khong nhé .




Phét hién 101

»[ v do mot hay nhiéu bit thay doi trong
khung tin dugc truyeén:

» Tin hiéu trén duong truyén bi suy yéu
» Toc d6 truyén
= Mat dong bd

® Viéc phat hién ra 10i dé khic phuc, yeu
cau phat la1 1a can thi€t va vo cung quan
trong trong truyen dir licu.




Phat hién 10i: Parity Check

» [ 3 ki thuat don gian nhat.

®»Pyra mot bit kiém tra tinh chéan 1é vao sau khoi tin.

® (514 tr1 cua bit nay dugc xac dinh dua trén $O CAC SO
1 1a chan (even parity), hodc so cac so 1 1a 1é (odd

parity).
[0 s& khong b1 phat hi¢n néu trong khung tin c6 2
hoac mot sO chan cac bit b1 dao.

» Khong hiéu qua khi xung nhiéu du manh.




Kiém tra Parity

Bit Parity don:

phat hién cac 16i bit

— ddata bits —ALo

| 0111000110101011‘0 I

L&p Link & cac mang LAN

Bit Parity 2 chiéu:

phat hién & stra cac 16i bit

row
parity
dq 1 dij | d, 4
d2,1 d2j | dgj4q
columnl di,1 di=j di=J+1
parity } dix,4 Ait1lj divq jaq
101011 10101(1
111100 +-41-0j0— Panty
011101 011101
Q0101|0 QO®1O01|0
no errors parity
error
correctable

single bit error



Phat hién 16i: Cyclic redundancy Check (CRC)

Gia tri chudi bit kiém tra hay chudi CRC la s6 dw cia phép chia cta chudi bit di¥ liéu
cho mot chudi bit da thire sinh (Generator Polynomial).
Pa thtre sinh 1a so chia sé khac nhau tuy vao méi giao thirc quy dinh.

Phep chia frong tinh toan CRC st dung cach tinh modulo-2. (Modulo-2 thirc chat 13
XOR hai s6 hang).

Gia s/da thirc chudi di¥ liéu can truyén 1a M(x):

M(x) = . X"+ 1. X" P+ . x™ % + -+ ag.x' + ay
Da thirc sinh 13 G(x):

G(x) = ap.x"+a,_1.x" " +a, ,.x" %+ +a.x"+a,
Trong do: %
= amva an bang 1 hoac 0

= B dai chudi CRC bang d6 dai da thirc sinh trir 1 va bing s6 mi I&n nhat cia da thic
sinh va bang n.

\\



» Pé tao CRC, chudi di¥ liéu can truyén sé dwoc mé rong thém n bit vé phia bén phai:

T(x)= a,.x™.M(x)

Piéu nay, twong (rng v&i viéc dich trai n bit chudi di liéu M(x)

Cudi cung, chia T(x) cho G(x) va lay s6 dw. S6 dw chinh 1a chudi CRC n bit.

R(x) =T(x) % G(x)

-Kjém tra CRC dwoc thwe hién bang 1 trong 2 cach sau: -
Lay chudi di¥ liéu co6 ca cac bit kiem tra CRC chia cho da thirc sinh. Néu s6 dw khac "0" thi dir
liéu nhan bi 16i.

*Téch chudi di¥ liéu va chudi CRC riéng. Chi lay chudi dir liéu chia cho da thirc sinh roi lay so du
phép chia so sanh véi chudi CRC. Néu hai chudi khac nhau thi di¥ liéu nhan bi 16i.



Chuyén déi gitra chuoi sé nhj phdn va da thac

Vi sO bit : m
Ta duge chudi bit: b [Dyy{ Dy | S|SB

Da thtrc nhi phan biéu dién chudi bit trén 1a :
b1y X"V + b5 x™D + L+ b,.x? + b.x! + by.x?

Vi du : Vi chudi bit 101 c6 thé biéu dién dudi dang da thirc nhi phan sau:

1x>+0x +1.x" =x* +1




Mot sé6 da thic sinh

[ CrC G(x) USE
CRC-1 x+1 Hardware (parity bit)
CRC-4 xF+x+ 1 PCM-30
CRC-5-CCITT X+ X+ x+1 ITU-G.704
CRC-5 USB X0+ x2+ 1 USB token packets
CRC-7 X7+ X+ 1 Telecom systems, MMC
CRC-8 XS+ x+ 0+ xF+ 2+ 1
CRC-12 X2 = x4+ B3+ x2+x+ 1 use: telecom systems

CRC-32 - MPEG2

32 = x26 4+ y23 4 x22 4 160 4 12 4 11

+x0+ 8+ + 3+ x4+ 2+ x+ 1]




_Chuyén dir liéu chuyén di thanh s6 nhi phan (D) .

~Chonmaur+ 1bit (G) (G con duge goi 1a da thuc sinh bacr ).

Chon r bit CRC , R , nhu thé :

+Lay D * 2 16i XOR cho G .

+ Ta duoc phan du R (CRC)

+ Bén nhén tiép tuc lay D + R 16i chia lai cho G néu phan du khac 0 -> phat hién 16i .

+ Cg thé kiém tra tat ca cac 16i nho hon r + 1 bits
| St dung pho bién trong thuc té :
ATM : CRC-8-ATM z® + 2% + z + 1( ATM HEC)

+ HDLC : CRC-64-1SO z* +2* + 2* + z + 1 (HDLC — 1SO 3309)



Phat hién 16i: Céc budc tao va kiém tra CRC

= /i du vé tinh toan CRC-4, twong &ng v&i so bit kiém tra la 4 bit, v&i da thire
sinh nhuw sau:

XM +x + 1 (b10011)

Chudi di¥ liéu can truyén co 8 bit nhw sau:
X7 + x5 + x (b1010_0010)

~

» Chudrdi liéu truwde khi chia sé dwgec mé rong thém 4 bit "0": (do CRC_4)
X1 + x"9 + x*5 (b1010_0010_0000)




M réng thém

Chudi dif i&u 4 bit 0" Hla thirs sinh
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00

-
>
=

o =
—

Tinh chudi CRC

&

o R

L R

T = B )
i

—
=

—
[ T
[ QY
—
-

=
=

—
o =
—
-4

-
—

—
L

=
O | O O D OO O
O | S Ol g O

[ - B

== | &

=

Chudi truyén 101000100010

ChuBi d liéu ChuBi CRC




Kiém tra CRC duwoc thuc hién trén chudi di¥ liéu cé dinh kém CRC nhuv sau:

Kiém tra CRC
- Trirdng hgp nhan
dung, s6 dw bang 0

XOR

Chudi dir ligu

0 100:0
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0
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= T
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Chudi dii ligu Chuedi CRG £3a thire sinh Chudi dir ligu Chudi CRC fla thirc sinh
10100100010 )| 10011 1010010010 | 1001 1
XOR XOR
100 11 o011
10111010 101 110120
0011 1] IO oo111]# o \
0000 Q Kat qua khéng sor dung 00000 Két qua khéng s dung
o1 1111 o1 1111
1001 1 10011
11000 011000
10011 10011
010110 o1 0110
10 01 1 10011
D01010 o010 1
Jdaoooao0 N
1010 1 oc1 0111
1T 0011 10011
oo 00 01000
Qo000 a0 0 a00o0
g1 100 01000

Kiém tra CRC bang cach chia chubi di liéu co CRC véi da thire sinh
- Trwong hop sai 1 bit va tredng hop sai 2 bit, s6 dw khac O




BO nhan sé khdng phat hién dwoc 16i div liéu khi Chu6i,dfj’ liéu bi sai va chudi CRC ciing sai triing Vi
gia tri CRC cla chudi di¥ liéu bi sai. Tuy nhién, xac suat dé xay ra dung trwérng hop nay la thap. Xac

suat nay cang thap khi chuéi CRC cang dai.

£ra thirc sinh

10011

Chudi dir ligu Mo rong 4 bit
tro10 0" ol o
XOR
10011
00 1 [
00000O
011111
1001 1
01100
10011
01011
1001 1
oo100f#
00000
- R PN Ja N R . > ~ 010011
Kiém tra CRC khong phat hién dwoc 16i khi ca div 1001 1
lieu va CRC cung sai dong thoi
D00O0O
0000
0000

101110 1

K&t qua khéng sir dung

Sé du bing 0

0




Vi du: Xét da thirc sinh g(x) = x + 1(11,), day la da thirc CRC-1, tinh CRC cho chudi 8

Chudi dir iéu

101000100

bit b10100010 va chubi b10011111.

iz thinz =inh

11

11000011

K&t qua khdng s cung

ROR

Chudi dir lidu

1 0:0:1 1:1:1:1:0
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sw twong dong. CRC-1 chinh I phwong phap kiém tra parity.

tha thore sinh

11

11101010

Két qua khang st dyng

So sanh két qua véi phwong phap tinh parity chdn da trinh bay phia trén ching ta c6 thé nhan thay




CRC vi du

1.Xac dinh ma CRC dung thuat toan Mod 2

_rlabaccaonhatcia G (& dayr=3)
_2"=2=8=100Q;,
D*2': 101110
1000
101110000
_Lay (D*xr)/ G s6 dw cubi cung la R

Néu day nhi phan dau vao bén trén co
bit dau tién bén trai 1a 0, khoéng lam gi
hét va dich so chia sang phai mot bit.
Néu day nhi phan dau vao bén trén co
bit dau tién bén trai 1a 1, 14y diy s dau
vao trir di s6 chia.

Phép trir Mod 2 la phép trir nhi phan
khong nhd néntaséco: 1 1 _q

o r O
1

~ OO
I

R RO

Tim CRC véi mau G = 1001 cla chudi nhi phan D= 101110:

I;i s6 bitt/1hémvz‘a02r
G<—{1001//101110|/000
1001
1010 000
1001
11000
1001
01010
R=ph3ndchGa[DG+2r] 1001




CRC vi du o

1.DUng phép biéu dién da thirc NPV

_L&y lai vi du trén : Tim CRC cta chudi nhj phan D= X+ X (G * x)
101110 v&i miu G = 1001 X+ X
_Chuyén G va D sang da thirc ta s& cé x + X (G * x)
G(x) = x+ 1 X+ X
D(x) = x>+ x>+ + X X'+ X (G * x)
_Nhan D cho x' X+ X
X+ X+ X+ X X+ 1 (G*1)
Vel X + 1] <=>(011,)
¥+ X+ 0+ % \
_Lay ( D*x")/ G s6 du cudi cung la R 2

Bai Tap : Tim CRC-4 cua chudi s& nhi phan sau : D=1101001010101010, G= x3+x+1






Bai TAp : Tim CRC-4 cla chudi s6 nhj phan sau :
D=11010010 1010, G= x3+x+1
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