Chuwong 5.
Tang giao van

1. Téng quan vé tang giao van
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Nhac lai kién truc phantang | eeee
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Nhac lai vé kién truc phan tang i

Application Hé tro' cac (rng dung trén mang
(HTTP, Mai, ...)
Tran r s 5 . )
anspo t bieu khién truyéen dir liéu gilra cac tien trinh
(UDP, TCP) cua tang trng dung
Network . B G g e
Chon dudng va chuyen tiép goi tin gilra
(IP, ICMP...) cac may, cac mang
Datalink Hb tro viéc truyén théng cho céac thanh
(Ethernet, ADSL...) phan ké tiép trén cling 1 mang
Physical Truy&n va nhan dong bit trén duong
(bits...) truyén vat ly
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Téng quan vé tang giao van (1) |

application

transport

e Cung cép phwong tién truyén
gilra cac rng dung cudi
e Bén gui:
e Nhan di¥ liéu ttr vng dung
o Dat d’fP liéu vz}\o cac goi tin va
chuyén cho tang mang
o Néu di¥ liéu qua 16n, né sé duoc
chia lam nhiéu phan va d&t vao
nhiéu doan tin khac nhau
e Bén nhan:
o Nhan céac doan tin tlr tAng mang
o Tap hop dir liéu va chuyén lén
cho &rng dung

S aion]

transport
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Tong quan vé tang giao van (2)

e Duorc cai dat trén cac hé (

X '
thong cuoi . ,

e Khéng cai dat trén cac
routers, switches...

e Hai dang dich vu giao van

?Qs

o Tincay, huongliénkét,e.g L=
TCP
o Khéng tin cay, khong lién két, s i '
prysica network

By
e.g. .UDP . i/ga

e Don vi truyén: datagram
(UDP), segment (TCP) g/ 5y

Tai sao lai can 2 loai dich vu? H

e Cac yéu ciu dén tr tAng (rng dung la da dang

e Cac &ng dung can dich vu vé&i 100% db tin cay nhw
mail, web...
e S dung dich vu cua TCP

e Cac (ng dung can chuyén di liéu nhanh, c6 kha
nang chiju 10i, e.g. VoIP, Video Streaming
e S dung dich vu cia UDP
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Png dung va dich vu giao van

Giao thirc Giao thirc
Ung dung rng dung giao van
e-mail SMTP TCP
remote terminal access Telnet TCP
Web HTTP TCP
file transfer FTP TCP
streaming multimedia  giao thirec riéng TCP or UDP

(e.g. RealNetworks)

Internet telephony

giao thirc riéng
(e.g., Vonage,Dialpad)

thuwong la UDP

Don kénh/phan kénh - Mux/Demux | i

—— Gui: D6n kénh

Nhan di liéu ttr cac tién trinh
tang rng dung khac nhau (qua
socket), dong goi theo giao
thirc tang giao van va gtvi trén

—— Nhan: Phan kénh
Str dung thdng tin trén tiéu
de goi tin dé gui dir liéu toi

lién két mang dung socket
/
application
application application [ ] socket
. -m Oprocess
tran%ort netwark _trﬂ%};rt_
netfyork ""‘ neerork
‘ liHk physigal I k ' ‘
& z phygcal phygical
- | g




Mux/Demux hoat dong ntn? i
«— 32 bits ———

e Sb hiéu céng dich vu/ting source IP address _
dung (Port Number): Mot s6 destination IP address | @
16 bit la dinh danh cda tién | 5
trinh L]’ng dung (other header fields) =

e Nut mang nhan goi tin v&i cac source port #| dest port # || =
dia chi: §
o Dia chi IP ngudn other header fields 3
« Dia chi IP dich -
o Sb6 hiéu cdng ngudn z
o Sb hiéu cdng dich segment of =

e Dia chi IP va sb hiéu cng application data i &

N 2 e (payload) 5
dwoc st dung dé xac dinh S
socket nhan dir liéu
9

Socket la gi?

e Socket Ia doéi twong dich vu ma tang giao van
cung cap cho tién trinh (*ng dung.

e Tién trinh (rng dung st dung dich vu tang
giao van qua socket
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2.UDP (User Datagram Protocol)

Téng quan
Khudn dang gai tin

1"

11

DPic diém chung

e Giao thirc hwéng khong két ndi (connectionless)
Khbéng s dung bao nhan:

o Phia nguén gt di¥ liéu nhanh nhét, nhiéu nhat cé thé
Truyén tin “best-effort”: chi glri 1 1an, khéng phat lai
Vi sao can UDP?

o Khong can thiét 1ap lién két (gidam do tré)

ese0000
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o Don gidn: Khdng can lwu lai trang thai lién két & bén givi va

bén nhan
o Phan dau doan tin nhd
UDP c6 nhirng chirc nang co ban gi?
o D&n kénh/phan kénh
o Phat hién 16i bit bang checksum
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Khuén dang btrc tin

(datagram)

e UDP si» dung donvj - 32bits ———
dir liéu goi la — source port #| dest port #
datagram (bU’C tin) |_~length checksum

b6 dai toan
bd bwrc tin
tinh theo byte o
Application
data
(message)

Khudn dang don vi

di liéu cta UDP .

13

Cac van dé cua UDP

e Khéng co6 kiém soat tdc nghén
e Lam Internet bi qua tai
e Khdng bao dam duwoc db tin cay

e Céac &ng dung phai cai dat co ché tw kiém soat do
tin cay
e Viéc phat trién &ng dung sé phurc tap hon
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3. TCP (Transmission
Control Protocol)

15
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3.1.Khai niém veé truyén théng
tin cay

16

16



Kénh c6 16i bit, khéng bi mat

tin

e Truyén thong tin cay: dam bao dir liéu duoc
truyén di thanh coéng

e Phat hién 16i?
e Checksum

e Lam thé nao dé bao cho bén gi?

e ACK (acknowledgements): goi tin dwgc nhan
thanh cbng

o NAK (negative acknowledgements): goi tin bj I0i
e Phan &rng cta bén gwi?

o Truyén lai néu la NAK
17
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Hoat déng

stop-and-wait

Sender Receiver
e e
send pkt i
! pkt is OK
i send ACK
rcv ACK :
send next :

packet :
: : pkt is corrupted

: send NAK
rev NAK :
resend pkt : Pkt
v v
Time Time

18
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L6i bao nhéan

Sender .
Receiver

pkt

T pkt is OK
M Send ACK
2272 o

Resend pkt pkt

\’ pkt is duplicated

19
19
L6i ACK/INAK
A A ; Sender Receiver
e Can truyén lai
> 7 A - . b j
e X ly viéc lap goi Ji!’ .
tin ntn? send pkt0 ;Dkto\j
e Thém Seq.# < Pkt0 is OK
rcv ACK send ACK
send pktl okt Is
. i error
: : send NAK
rev NAK! v okt
resend pktl oK.
Time Time
20
20

10



so0e0oe

ece0e

I
o

Giai phap khéng dung NAK

Sender Receiver
b Gk
ACKO  pkt0 is OK
cv ACKO / send ACKO
rcv : :
sendpitt L
5 Géi tin nhan

: K=" Dt is OK .

5 : : dwoc 16i >
Nhan duwoc / e,
ACK véi Seq# | TV ACKL gui lai ACK
khéng dbi > - \ truoc do

: pkt2 is corrupted

gl lai goi tin ACKA :
rCV ACK1 : /
resend pkt2): \

Tlme Tlme 21

21

Kénh c6 16i bit va mat goi tin

e Di¥ liéu va ACK co6 thé bi mat
o Néu khéng nhan dwoc ACK?
e Truyén lai nhw thé nao?
e Timeout!
e Thoi gian ch¢ |a bao 1au?
e itnhatla 1 RTT (Round Trip Time)
o Mbi géi tin glvi di can 1 timer
e Néu goi tin van dén dich va ACK bj mat?
» Dung sb hiéu gai tin

22

22
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00
Minh hoa it
sender receiver sender receiver
send pkt0 Kt0 send pkt0 kt0
\\ rcv pkt0 \\ rcv pkt0
ack send ack0 ack send ack0
rC\é a?(ktl) 1 rcxé a%(l) t
send pkt \\ send p
rcv pktl \p\e(
ack send ackl loss
rcv ackl ‘o =
send pkt2 \5\‘
P rcv pkt2 ‘ timeout.
ack send ack2 resend pktl \m\‘
rcv pktl
ack send ackl
rcv ackl
sendpk2 a2
A g rev
(a) Khdéng c6 mat gai tin ack senél) o
(b) mat gai tin guri di

23

Minh hoa

sender
send pkt0

rcv ack0
send pktl

‘ timeout.

resend pktl

/oss

\
/

fV send ackl

(c) mat ACK bao nhan

Hiéu nham day la ack cho
goi tin pkt1 gi lai trwdc do

sender
receiver

rcv pkt0
send ack0

rcv pktl

‘ t/meout

resend pktl

\ rcv pktl
e
rev ackl send pki ack
send pkt2 \Wtz\‘ ‘2 kt2
rcv
/ Sendp ack2 ack

Hiéu nham day la
ack bao 16i pkt2

send pkt0 kt0
\\ rcv pkto
ac send ack0
rcv ack0 /ﬂ/
send pktl \K
rcv pktl

(d) timeout s6m/ACK t8i tré

receijver

send ackl

rcv pktl
(detect du I|cate)
send ac

rcv pkt2
send ack2

rcv pkt2
(detect duplicate)
send ack2

24
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Hiéu nang cua stop-and-wait

sender receiver
bit dau tién dwoc glri dit =0

bit cudi cung dwoc giridit=L/R
Nhan duwoc ACK, gtvi goi tiép theo ‘

T A B I e e

bit dau tién t&i dich

RTT bit cudi cuing téi dich

time time

L: Kich thudc goi tin £ L/R

R: Bang thé performance = ——————

RTT:  Round trp time RIT+L/R
25

Vi du

e L = 1000 byte

e R =8 Mbps

e RTT =50ms

e H="7

e L/R=1000x8/8x 105=1ms

o H=1/(50 + 1)~ 2%
26
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Pipeline i

e GUi lién tuc mot lwgng hiru han cac goi tin ma
khéng can che ACK
= Sb thr tw cac goi tin phai tang dan
= DI liéu gWri di chd s&n & bd dém givi
= D{¥ liéu t&i dich cho & bo dém nhan

data packet—» data packets—»

<+— ACK packets

(a) a stop-and-wait protocol in operation (b) a pipelined protocol in operation
27
27
S
- A A > - - o0
Hiéu nang cua pipeline 3
sender receiver
bit dau tién dwoc gvi di 0
bit cudi ciing dwoc glridiL/R ;
RTT ~_—| Cac goi tin toi
- dich
Nhan dwoc ACK, giri goi tiép theo |
RTT +L/R Mg
time time
L: Kich thwéce goi tin
R: Béang thong f n*L/R
g i ti erjormance = ———————

RTT: R(A’)un'q t.rlp t!r.m'aA p RTT + L/R

n: S0 géi tin guvi lién tuc
28

28
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Vi du

e L = 1000 byte

e R =8 Mbps
e RTT =50ms
en=20
e H="7

e L/R=1000x8/8x10=1ms
o H=20x1/(50 + 1) ~ 40%
e Liéu c6 thé tang n d& H > 100%

29
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Selective Repeat

Cira sb gtri
#Seq . kich thwéc Swnd

LT L LI L S s

D chwa nhan D chwa gtri
ACK

Ctra s6 nhan

. . e LA g da nhan,
#Seq , _kichthuoc Rwnd [ Ganhan aing | o1\ ding
ther tyr thir tur

CLELELEATT T T A

D chwa nhan

e GUri: chi glvi goi tin trong cira sb guvi
e Nhan: chi nhan gai tin trong clra sd nhan
e S dung bd dém dé lwu tam thoi cac goi tin t&i chwa dang the tw

30

30
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Selective Repeat

Bén gui
e Chi gtri gbi tin trong clra
sb gui
e Dung 1 timer cho mbi goi
tin trong ctra sb
e Néu timeout cho géi tin
pkt; chi gtvi lai pk;
e Nhan duwoc ACK;:
o Danh déu pkt; da co ACK
o N&uila gia tri nhd nhét
trong cac gai tin chwa nhan
ACK, dich cira sb sang vi tri
goi tin tiep theo chwa nhan
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Bén nhéan
e Chi nhan godi tin trong ctra
sd nhan
e Nhan pkt;:
o GUilai ACK;
o Khoéng dung thw tw: dwa
vao b6 dém
e Bung th& ty: chuyén cho
tang wng dung cung v&i cac
goi tin trong bo dém da tr&
thanh dung th ty sau khi
nhan pkt;

ACK 31
31
00
. H34
SeIGCtlve Repeat Diéu gi xay ra néu kich :
thwée clra s6 16n hon
', gia tri Seq# I&n nhat?
sender window (N=4) sender receiver
012 3 "EXF& send pkt0
012 3 EERE send pktl \ receive pkt0, send ack
012 3 N NE send pkt2- . '
0123 ILRA: send pkt3 X055 receive pktl, send ackl
wait
o (wait) receive pkt3, buffer,
oI 678 rcv ack0, send pkt4 send ack3
0 1EEE¥¥6 78 rcv ackl, send pkt5 receive pkt4, buffer
send ack4
brecord ack3 arrived receive pkt5, buffer,
Pkt 2 timeout send acks
K] 2 3 4 5 R4 send pkt2
W12 3 4 5 i
o 1 PRV - record ack4 arrl.ved rev pkt2; deliver pkt2,
0 BoiceTe record ack5 arrived pkt3, pkt4, pkt5; send ack?)
Diéu gi xdy ra néu ack2 tdi bén gui 32
32

16
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Kich thwéc cira s6 qua lon

__sender __receiver
o GiastrSeg#={0,1,2 mEBbo2

3} 0 1 2kXEW ofEElo 12

’ . EE:0 12 0 1EEI1 2

e Kich thwéc clra so: 3 0 1 2EXEl2
o] 1 2 3 [

e Phianhan khéng phan  oiEm> I
pktO\, will accept packet

biét dwgc 2 trwdng hop

e Trong trwwdng hop b, goi
tin pktO gt lai dwoc bén
nhan coi nhw goéi tin maoi,
dwa vao bo dém chd x&
ly

(a) pktO la goi tin mai

sender

[EE3 0 1 2 —RKt0

with seq number 0

receiver

[EE3 0 12 —RktL ofIEEo 1 2
[EE3012 —pkt2 ] 2 3 0k
[\RW]3 0 17

X

timeout
retransmlt pkt0 X

KR 012 —RkiO )
will accept packet

(b) pkt0 Ia goi tin bi lap

with seq number 0

Chi gtri gdi tin trong ctra s6.

Chi dung 1 bo dém (timer) cho

goi tin dau tién trong clra s

+ Néu nhan duwoc ACK;, dich
ctra sb sang vi tri (i+1). Dat lai
timer

+ Né&u timeout cho géi tin pkt; guu

lai tAt ca goi tin trong clra s

33
Go-back-N it

Ctra sé gtvi
_q% I_l(_l(_:tl_t_h_lfg;c__s_\l\_lp_d_l I g: g:’;’n ACK D dang guri
IR 000000ERRE0 a0

---------------- chu’a nh@n D chwa g

ACK

Bén guri Bén nhén

+ Gwi ACK; cho goi tin pkt; da
nhan dwoc theo thir tw

+ Goi tin dén khong theo th
tw: hay géi tin va gwi lai
ACK cla g6i tin gan nhét
con dung th ty

34




Go-back-N

sender window (N=4)

(UNIER4 5678
[URPR4 5678
(UNIVER4 5678
[URPER4 5678

ONPAXR- 678
0 1EREXN6 7 8

0 1PEERY6 7 8
0 1 AEXN6 7 8
0 1REXN6 7 8
0 1EAEXN6 7 8

rcv ackO, send pkt4
rcv ackl, send pkt5

ignore duplicate ACK

Pkt 2 timeout ]

sender

send pkt0
send pktl
send pkt2-
send pkt3

(wait)

send pkt2
send pkt3
send pkt4
send pkt5

IRV

ece0e
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receijver

receive pkt0, send ack0
receive pktl, send ackl

receive pkt3, discard,
(re)send ackl

receive pkt4, discard,
(re)send ack1
receive pkt5, discard,
(re)send ackl

rcv pkt2, deliver, send ack2
rcv pkt3, deliver, send ack3
rcv pkt4, deliver, send ack4
rcv pkt5, deliver, send ack5

35
35
3.2. Hoat déng cua TCP
] XX
Cautraicdoantin TCP | eeee
Quanlylienkét | goec
Kiém soat lubng | § ¢
Kiém soat tdc nghén
36

36
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Tong quan vé TCP

e Giao thirc hwéng lién két

» Béttay ba buéc

Giao thirc truyén dir liéu theo dong byte (byte
stream), tin cay

e S dung vung dém

Truyén theo kiéu pipeline

e Tang hiéu qua

Kiém soat ludng

e Bén gwi khong lam qua tai bén nhan

Kiém soat tdc nghén

 Viéc truyén di¥ lieu khong nén lam téc ngh&n mang

37
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Khudén dang doan tin - TCP segment

32 bits
URG: D liéu khan N S W
' source port# |  dest port # - Dung de truyen dir
N lidu tin cay
sequence number - Tinh theo bytes

ACK: ACK #
\\ﬁmowledgement number

PSH: Chuyén di ligu head r:;td EIKII"RSF Receive window
ngay— | w Urg data pointer

-S6 lwong bytes
cothénhan
RST, SYN, FIN: = Options (variable length) - Bieu khien luong
Ky hiéu cho cac
goi tin dac biét

application
data
(variable length)

38
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Théng so cua lién két TCP

e Mbi mot lién két TCP gitra hai tién trinh dwoc
xac dinh b&i b6 4 thong so (4-tuple):
Dia chi IP nguén } N
Tang mang
Dia chi IP dich
S6 hiéu céng ngudn
S6 hiéu cbng dich

} Tang giao van

39

39
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TCP cung cap dich vu tin cay ntn?

e Kiém soat 16i di¥ liéu: checksum
e Kiém soat mat géi tin: phat lai khi cé time-out
e Kiém soat di¥ liéu da dwoc nhan chua:
e Seq. #
e Ack
e Chu trinh lam viéc cua TCP:
o Thiét lap lién két
Bét tay ba buéc
o Truyén/nhan di¥ lidu: co thé thwc hién dong
th&i(duplex) trén lién két
o Dong lién két 40

Co ché bao nhan

40
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Thiét lap lién két TCP :
Giao thirc bat tay 3 bwéc

e Budc 1: Aglri SYN cho B
A B e chira gia tri kh&i tao seq # cla

5k e o
. , e khdng co dir liéu

=3Yk” e Budc 2: B nhéan SYN, tra 10i
bang SYN/ACK

esta- SYN/ACK o B khoi tao VL‘mg dém

. :4//: . ey a .
blished e chira gia tri khéi tao seq. # clua
ACK B

—ACK
Eﬁsied e Budc 3: A nhan SYN/ACK, tra

: : I ACK, c6 thé keém theo di
v v liéu

Tai sao khéng dung giao thirc bat tay 2 buwédc »
41
3
Co ché bao nhan trong TCP £t
Gai tin gUri di & phia guri
sequence numbers: source port# | _dest port#
v A N sequence number
-Tbu tu byte da,u tle,n i acknowledgement number
trén payload cua goai tin [ 1 rwnd
(Segment) checksum urg pointer
Kich thudc clra so
f N
Chudi Seq# & p/7/a ‘guf
\ \
da gui da gui dang chua
da nhan chua nhan  gui gui
acknowledgements: ACK ACK
*Th tw cta byte muon l GOi tin b?o nhan l
~ source port # est port #
n ha n sequence number
| acknowledgement number
A rwnd
l checksum [ urg pointer l
42
42
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Co ché bao nhan trong TCP

Host A Host B

e S6 hiéu cla byte
) yt User Seq=

dau tién cla doan ypes 42, datg < com
tin trong dong di ‘computer’w
lieu Giri ACK
ACK: ACK=0 béL:)I nhan
o S6 hiéu byte dau
tién mong muén
nhan tir doi tac

host ACKs
receipt

Se

User q=50, datg < .
types —_etwory: .
‘network’ time

43

43

(3.4
(3d
L d
°

Co ché bao nhan trong TCP

Host A Host B

;ﬁlg seq=Y. kich thuoc: M byteﬁ&

User Se‘FX,

kich thips
types Uoc pg lom .
‘computer’  ACK=y Y Vioad: iy bytes
AG\“X +N
host ACKs

receipt

Seq=

User X + N
types :Payioag:
‘network’

44
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Pong lien ket £t
A B
A state £ £ B state
ESTAB ) ‘ ESTAB
close(socketI :
FIN_WAIT 1 khdng guii tiép FIN, Seq=\i
nhung van ohan | = CLOSE_WAIT
) . ) : ACK, ACKnum=x+1 : b thé’ tiép tuc
FIN_WAIT_2 ddinhan FIN w—" | gui dir leu
tu server | ! ;
! | LAST_ACK
: FIN, seq=y ! ST_AC
TIMED WAIT _ ! 1 ngling gui dir liéu
ddi trong E ACK, ACKnum=y1K‘:
2 x thai gian gui MSS ! CLOSED
CLOSED ' '
45
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Chu trinh s6ng cua TCP (don gian hoa)

Server application
Creates a listen socket

Receive ACK
Send nothing

Send SYN

Receive SYN/ACK
Send ACK

Receive SYN
Send SYN/ACK

Receive FIN
Send ACK

Send FIN

Receive ACK
Send nothing

Receive ACK
Send nothing

Receive FIN
Send ACK

Client application
Initiates close connection

46
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Pipeline trong TCP
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Go-back-N hay Selective Repeat?

e Bén guri:

o Néu nhan dwoc ACK# = | thi coi tat c& géi tin trude doé da toi
dich (ngay ca khi chua nhén duoc cac ACK# < i). Dich ctra s6

sang vi tri i

o Néu c6 timeout cta géi tin Seq# = i chi gtvi lai géi tin d6

e Bén nhan:

e BDuwa vao bé dém cadc goi tin khéng dung thir tw va givi ACK

- thuat toan lai

a7

47
TCP: Hoat dong cua bén guwi £t
Nhan dir lidu tr tdng timeout:
ing dung e GUi lai goi tin bi timeout
e Dong goi dir liéu vao géi ¢ Knhai dong lai bo dém
tin TCP vai gia tri Seq#
twong wng B ]
e Tinhtoan va thiét 1ap gia  V1an ACK# = ‘
tri TimeOutInterval e Neéu la ACK cho goi tin nam
Y N bén trai ctra s6 > bd qua
cho bd dém thoi gian _ L
. e Nguegec lai, trwgt clra s sang
(timer) Vi tr |
e Guri goi tin TCP xuong e Khdi dong timer cho goi tin ké
tang mang va kh(’):i dong tiép dang cho» ACK
bd dém cho,géi dau tién
trong clra sO
48
48
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Tinh toan timeout(Poc thém)

e Dyatrén giatri RTT (> 1 RTT)
o Nhung RTT thay déi theo tirng lwot gl
e Timeout qua dai: hiéu nang giam
» Timeout qua ngan: khong du thdi gian dé ACK bao vé
e Udcluwong RTT
EstimatedRTT; =
o*EstimatedRTT; ; + (l-a)*SampleRTT,;_,
e EstimatedRTT: RTT wdc lwong
e SampleRTT: RTT do duwoc
e 0< o <1:Jacobson d& nghio =0.875

49

49
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Tinh toan timeout

e DO léch:
DevRTT, = (1-B)*DevRTT, , +
f*|SampleRTT, ; - EstimatedRTT, , |
e Jacobson dé nghip =0.25
e Timeout:
TimeOutInterval; =

EstimatedRTT, + 4*DevRTT,
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Uéc lwong RTT — Vi du

y
1 (40) 20) (120 (80
15
2 (45) 25) 145
3
4
3 ?
51
51
44
Phat lai nhw the nao? £t
Host A Host B Host A Host B
w & w &
~ = —~ L
5\928bt f dat T Seq=92, 8 bytes of dat
! €q=32, 6 Dy w‘a ! \eq— , © Dytes or datg
3 — 3| Seq=100, 20 bgfg a
5 ACK=100 3
E :
ACK=100
1 l ACK=120
T s bytes of data
Seq=92, 8 bytes o T Seq=92, 8
o T o bytes of data—,|
o o
:E_j ACK=100 é /ACK=120
 méat ACK timeout qua ng3n
52
52
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Phat lai nhw thé nao? (tiép)

so0e0oe

ece0e

I
o

Host A Host B
w \&
\y— \,—‘

Seq=92, 8 bytes of data

Seq=100, 20 bytes of data
ACK=10%&’
X /

ACK=120
/
\

Seq=120, 15 bytes of data
\

——— timeout —

ACK tich Iy
53
53
Hoat dong cua bén nhan H
e Nhan 1 gdi tin voi e Nhan 1 gdi tin v&i Seq# =
Seq# = i dung thi tw, i dung th tw, trong khi
bd dém tréng ) con ACK cho goi truée
T do chwa gwi
Bén nhan Bén nhan
Seqg# =1, size =N Seq# =j, size = *
|:| Seqg# =i, size =N
\
Doi 500ms, e
néu khong co CACK#=i+N >
, goi tin ké tiép =
"ACKtichiay |
' (cumulative ACK) | 54
54
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Hoat dong cua bén nhan

e Nhan gdi tin dung thi ty Seq
=i, trong bd dém co géi tjn
khong dung tho tw lién ké

so0e0oe

ece0e

I
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e Nhan gadi tin khong
dung thire ty: thye
hién co ché hoi

phuc nhanh
Bén nhan
Seqg# =i, size =N
o
CACK# =i+N+M
| Seq#=i+N |
ACKftichlay | size=M |
| (cumulative ACK) |
‘ ‘ 55
55
HOi phuc nhanh £t
N . , N Host B
e Thoi gian timeout kha dai " \Ov:
c6 thé lam gidm hiéu nang g Sl
e Co ché hdi phuc nhanh: 7 Sea-92, 8 byt of ata
eq=100, ata
« Bén nhan: Khi nhan goi tin Topeed it
khéng duang th tw, gwi lién
tiep 3 gdi tin Iap lai ACK# cla !
g(?l tin con dung th ty trwdce g el
(0] T le—
e Bén g,L’I’I'.' Nhén dU’Q’C 3 ACK# ~Seq=100, 20 bytes of data
lién tiep gidbng nhau, gti lai
ngay goi tin ma khéng cho
time-out L
56
56
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3.3. Kiém soat luong

000
0000
( X X X
[ XX
o0
o

Kiém soat luéng (1)

2 =2 = a

T

Cham Qua't
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Kiém soat luéng (2)

e Diéu khién lwvong di liéu dwoc gl di
o Bao dam rang hiéu qua la tét
e Khodng lam qua tai cac bén
e Cac bén sé co ctra sd kiém soat
e Rwnd: Ctra sd nhan
o Cwnd: Clra sb kiém soat tac nghén
e Luwong di liéu gtri di phai nhé hon min(Rwnd, Cwnd)

59

59

Kiém soat luong trong TCP i

Receive Window: Kich thwéc div liéu téi da ma phia nhan cé
thé xv ly

f— RevWindow —
007
data from /47 % %7/%

P

application
process

//’/ 7 %
i
f——— RevBuffer ———+

Kich thuwéc ving dém tréng
Rwnd

RcvBuffer-[LastByteRcvd
- LastByteRead]
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Trao doi théng tin vé Rwnd

A B

i . e Bén nhan sé bao cho
ﬁg JAQ bén glri biet Rwnd trong
§ cac doan tin
dat = A e sk L
aa\’ e Bén gWi dat kich
ok (wnd =190 thwée clra s givi theo
dat | Rwnd
\
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3.4. Piéu khién tac nghén
trong TCP

62

62
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Tong quan vé tac nghén

e Khi ndo tac nghén xay ra ?

so0e0oe

ece0e

I
o

e Qua nhiéu cdp glri-nhan trén mang
e Truyén qua nhiéu lam cho mang qua tai
e Hau qua cua viéc nghén mang

o Mét goi tin

e Théng lwgng giam, dd tré tang
« Tinh trang clla mang sé tr& nén toi té hon.

Congestion

occur

| D
| | { V%VQ
a

e .

63

Nguyén ly kiém soat tac nghén

e Slow-start
o Téang tbc dd theo ham sb mi
o Tiép tuc tang dén mot
nguwdng nao do
e Tranh téc nghén
o Téng dan toc do theo ham
tuyén ’tl'nh cho dén khi phat
hién tac nghén
e Phat hién tdc nghén
o Goi tin bi mat

cwnd (MSS = Maximum Segment Size)

20

ssthresh =16

Slow-start

10
8 —1
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Xay ra tac nghén

e Khi c6 timeout cia bén guri
o TCP dat ngwdng ssthresh xudng con mot nira gia tri hién
tai cia cwnd
» TCP d&t cwnd vé 1 MSS
o TCP chuyén vé slow start
e Hdi phuc nhanh:
o Nut nhan: nhan duoc 1 goi tin khong dang thir tw thi g
lién tiép 3 ACK giong nhau.
o Nut givi: nhan dwoc 3 ACK gibng nhau

TCP d&t nguwéng ssthresh xudng con mot nira gia tri hién tai cia
cwnd

TCP d4t cwnd vé gia tri hién tai cia ngudng méi
TCP chuyén trang thai “congestion avoidance”(tranh tac nghén)
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Kiém soat tac nghén — minh hoa

Timeout

Threshold is set to half of cwnd (20)

Threshold=16 And slow start starts

3ACKs

Threshold=10

Threshold is set to half of cwnd (12)

Al And additive increase starts

Threshold=6

Step

66
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Vi du

e Gia st phia gtri dang c6 Cwnd = 14000 byte, ngwdng
ssthresh = 16800 byte, 1MSS = 1400 byte

Phia glri c6 thé glri mot lwong dir liéu téi da la bao nhiéu

néu:

1. Nhan dwgc mét géi tin ACK bao thanh cong c6 Rwnd =
8600 byte:

Cwnd = 14000 byte < ssthresh = 16800 - dang trong giai
doan slow-start > Cwnd = ssthresh = 16800

Rwnd = 8600 byte
Lwong dir liéu gl téi da: min{Rwnd, Cwnd} = ?

67

67

Vi du i

e Gia s phia glri dang c6 Cwnd = 14000 byte, ngudng
ssthresh = 16800 byte, 1MSS = 1400 byte

e Phia giri c6 thé glri mot lwgng di liéu toi da 1a bao nhiéu
neu:

(2) Nhan dwoc mot goi tin ACK bao thanh céng c6 Rwnd =

28000 byte

Cwnd = 14000 byte < ssthresh = 16800 - dang trong giai
doan slow-start - Cwnd = ssthresh = 16800

Rwnd = 28000 byte
Lwong di¥ liéu glri toi da: min{Rwnd, Cwnd} = ?
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Vi du

e Gia st phia gtri dang c6 Cwnd = 14000 byte, ngwdng
ssthresh = 16800 byte, 1MSS = 1400 byte

e Phia glri c6 thé glri mot lwong dir liéu tbi da la bao nhiéu
néeu:

(3) Nhan dwoc mét 3 géi tin ACK gidéng nhau c6 Rwnd =

28000 byte:

Nhan dwoc 3 ACK gibéng nhau = héi phuc nhanh

Ssthresh = Cwnd/2 = 7000

Cwnd= ssthresh = 7000

Rwnd = 28000

-> Dap an: ?
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Vi du

e Gia s phia g¥i dang c6 Cwnd = 14000 byte, ngudng
ssthresh = 16800 byte, 1MSS = 1400 byte

e Phia giri c6 thé glri mot lwgng di liéu toi da 1a bao nhiéu
neu:

(4) Xay ra time-out

Ssthresh = Cwnd /2 = 7000

Cwnd = 1 MSS = 1400 byte > bét diu & Slow Start

Lwong div liéu gti di toi da: 1400 byte.
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Tong két

e CO hai dang giao thire giao van

e UDPvaTCP

e Best effort vs. reliable transport protocol
e Cac co ché bao dam dé tin cay

e Bao nhan

o Truyén lai

o Kiém soat ludng va kiém soat tdc nghén

7
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