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Chuong 3: Lép Transport

Muc tiéu:

7 hiéu cdc nguyén tic 7 nghién ctu vé cdc giao
ding sau cdc dich vu thac 16p Transport trén
|6p transport: Internet:

o multiplexing/demultipl O UDP: vén chuyén khong ket
exing noi (connectionless)

o truyen dit ligu tin cay O TCP: van chuyén huong ket

o diéu khién ludng noi (connection-oriented)

o didu khién tic nghén o diéu khién tic nghén TCP
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Chuong 3: Noi dung trinh bay

0 3.1 Cac dich vu Iép 3 3.5 Van chuyén hudng két
Transport noéi: TCP

3 3.2 Multiplexing va O céu tridc phan doan
demultiplexing O truyén dir lidu tin cay

3 3.3 Van chuyén khdng > dicu khien Juong
két nbi: UDP O quan ly két noi

: 5 1 0 3.6 Cdc nguyén ly cua
0 3.4 Cac nguyen ly cua = 2 P/ h
viéc truyén dir ligu tin d'e‘f kh'er} Tac nghén
cay 3 3.7 Bieu khien tac nghén
| TCP

Transport Layer  3-3



3.1 Cac dich vu I6p Transport

James F. Kurose
Keith W. Ross
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Cac dich vu va giao thic Transport

T cung cap truyen théng logic
chay trén cdc host khac nhau
3 cdc giao thuc transport qhay
trén cdc hé thong dau cuoi
o phia gui: cat cdc thong
di¢p ung dung thanh cdc
doan, chuyén cho lop
hetwork
o phia nhan: tdi két hop cdc
doan QTh(\]nh cdc thong diép,
chuyén cho I6p application
3 ¢6 nhiéu hon 1 giao thuc
transport danh cho cac ing
dung

o Internet: TCP va UDP

transport

L network
physical data link

application
transport
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Lép Transport vai |6p network

O I6p network: truyén
thong logic gitta cdc
host

O l6p transport: truyén
thong logic gitta cdc
tién trinh

o dua vdo va lam noi bat
cdc dich vu 16p network

Tinh huong tu nhhién tuong

tu.

12 dira tre quei the dén 12
dira tré khdc

7 cdc tién trinh = cdc dua
tre

T cdc thong diép = thu
trong bao thu

3 cac host = cdc gia dinh

3 giao thuc transport =
Ann va Bill

3 giao thuc I6p network =
dich vu buu dién
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Cdc giao thuc I6p transport trén
Internet

3 tin cay, truyén theo thir
tu (TCP)
o diéu khién tac nghen
o diéu khién luong
o thiét lap két noi
7 khong tin cay, truyén
khong theo thu tu: UDP
O mo rong cua giao thuc IP
73 khong co cac dich vu:
O bdo dam tré
O bao dam bandwidth

transport

network
data link

application
transport
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3.2 Multiplexing va

i ' 'R demultiplexing

networking g

James F. Kurose
Keith W. Ross
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Multiplexing/demultiplexing

- Demultiplexing tai host nhan: -

van chuyén cdc doan dd nhan
duoc deén didng socket

_ Multiplexing tai host giri: __
thu nhat dit liéu tir nhicu
socket, ddng goi dir licu véi
header (s& dung sau dé cho

demultiplexing)
1 =socket (D = tiéntrinh
application application application
| I S|
transport 'F'murpo/r‘r' transport
hetwork neTvl/ork hetwork
link link link
physical physical physical
host 1 host 2 host 3
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Demultiplexing lam viéc nhu thé nao

3 host nhan cdc IP datagrams
O moi datagram cé dia chi IP ) 32 bits
nguon va IP dich .
O moi datagram mang 1 doan port # dich
cua l6p transport

port # nguon

o mdi doan cé sé port ngudn cdc header fields khac
va dich
J host ding dia chi IP & so port
dé dieu huong doan dén socket dit liéu thg dung
thich hogp (thong diép)

dang thuc doan TCP/UDP
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Demultiplexing khdng két noi

7 Tao cdc sockets véi cdc sb
port:

DatagramSocket mySocketl = new
DatagramSocket(12534) ;
DatagramSocket mySocket2 = new

DatagramSocket(12535) ;

7 UDP socket duoc xdac dinh
bagi bo 2:

(dia chi IP, s6 port dich)

3 Khi host nhan doan UDP:

o kiém tra port dich trong
doan

o diéu huéng doan UDP d&én
socket ndo phu hop véi s6
port do

0 IP datagrams véi dia chi
IP nguon va/hoic s6 port
khdc nhau cé thé duoc
diéu huong dén clng
socket
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Demultiplexing khdng két noi

f:[:[:!

DatagramSocket serverSocket = new DatagramSocket(6428);

A A

SP: 6428

DP: 9157

SP: 6428

DP: 5775

SP: 9157
client DP: 6428

IP: A

server
IP: C

SP cung cap “dia chi tré ve"

SP: 5775

DP: 6428

Client
IP:B

Lop Transport
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Demultiplexing husng két noi

A TCP socket duogc xadc
dinh bai bo 4:
o dia chi IP nguodn
O s6 port nguodn
o dia chi IP dich
o s6 port dich
3 host nhan dung ca 4 gia
tri trén dé diéu hudng
doan dén socket thich
hop

7 Host server cé thé hd
tro nhiéu TCP socket
dong thoi:

O moi socket duoc xdc dinh
badi bd 4 cua nd

7 Web server co cdc
socket khdc nhau cho moi
két noi i client

O két ndi HTTP khdng bén
vitng sé cé socket khdc
nhau cho mdi yéu cau
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Demultiplexing husng két noi

m)

EE
SP: 5775
DP: 80
S-IP: B
D-IP:C
N4
SP: 9157 SP: 9157
client DP: 80 server DP: 80 Client
IP: A S-IP: A IP: C S-IP: B IP:B
D-IP:C D-IP:C

Lop Transport



Demultiplexing huéng ket noi:

Threaded Web Server

client
IP: A

—r—=
SP: 5775
DP: 80
S-IP: B
D-IP:C
L
SP: 9157 SP: 9157
bP: 80 server OP: 80 Client
S-IP: A IP: C S-IP: B IP:B
D-IP:C D-IP:C

Lop Transport
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3.3 Van chuyén khdng ket noi:
' UDP

James F. Kurose
Keith W. Ross
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UDP: User Datagram Protocol [RFC 768]

O

O

giao thiac Internet
transport “don gian héoa"
dich vu "best effort”, cac
doan UDP c¢é thé:
O mat mdt
O van chuyen khong thu tu
dén tng dung
connectionless (khong ket
nor):
o khong bit tay giita bén
nhan va bén gti UDP
O moi doan UDP duoc quan
ly doc lap

Cé UDP dé lam gi?

O

O

O

Q

khdng thiét lap két néi (gidp
cé thé thém delay)

don gian: khong trang thdi
két ndi tai noi gtri, noi nhan

header cua doan nho
khdng diéu khién tic nghén:
UDP c§ thé giri nhanh nhat
theo mong muon

Lop Transport
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UDP: (1)

3 thuong dung cho cdc ung
dung streaming multimedia

32 bits

o chiu mat mdt Do dai | source port #| dest port #
O cam hhan toc do doan: UDP [ length checksum
A ngoai ra, UDP dung b°°,?§$§ﬁ
O DNS
O SNMP
3 truyén tin cay trén UDP: dir ligu
thém kha ndng nay tai l6p ung dung
application (thdng diép)
o sua l6i

dang thic doan UDP

Lop Transport
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UDP checksum

Muc tiéu: kiém tra cdc “16i" (cdc bit co dd bat 1én)
trong cdc doan dd truyén

bén gui: bén nhan:
A doi xi cdc ndi dung doan 3 tinh todn checksum cua doan
nhu mot chudi cdc sb da nhan
hguyén 16-bit 3 kiém tra gid tri trén cé bing
3 checksum: bo sung(tong véi gid tri trong truong
bu 1) ctua cdc ndi dung checksum:
doan o NO - ¢6 16i xay ra
O dat gia tri checksum vao o YES - khdng c6 15i.
truong UDP checksum o Nhueng cd thé con 167 khdc

nita? Xem tiép phan sau ....
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Vi du Checksum

J Luuy

o Khi cong cdc s6, mot bit nhé & phia cao nhat ¢é
thé s& phai thém vdo két qua

3 Vi du: cong hai s6 nguyén 16-bit

1 1100110011001 10
110101010101 0101

bit du @1011101110111011
tog 1 011101110111100
checksum 01 0001000100001 1
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3.4 Cdc nguyen ly cua viéc
truyén dir liéu tin cay

James F. Kurose
Keith W. Ross
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Cdc nguyén ly truyén dir liéu tin cay

T quan trong trong cac l6p application, transport, link
3 la danh sdch 10 van & quan trong nhat ctia mang

-

O

O O

A i
8 = OroCcess DrOCess
Q

*C:) L()relioble c:hcmhel)j
G2

C O

o

(a) provided service

3 cdc dic thi cua kénh truyen khong tin ciy s& xdc dinh su phirc
tap cua giao thuc truyén dit liéu data transfer protocol (rdt)
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Cdc nguyén ly truyén dir liéu tin cay

T quan trong trong cac l6p application, transport, link
3 la danh sdch 10 van & quan trong nhat ctia mang

-

O

O O

O =1 |sena|ng| |receiver I
% —= process process

s | 1
1(:) reliable Chcmnel)I

s =

Junreliable ChcurmeI)JA

(a) provided service (b) service implementation

3 cdc dac thi cua kénh truyén khdng tin cay s& xdc dinh su phiic
tap cua giao thuc truyén dix liéu data transfer protocol (rdt)
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Cdc nguyén ly truyén dir liéu tin cay

T quan trong trong cac l6p application, transport, link
3 la danh sdch 10 van & quan trong nhat ctia mang

-

O

O O

O =1 |sena|ng| |receiver I
% —= process process

s | 1
1(:) reliable Chcmnel)I

s =

(a) provided service

udt send ( )i [packet |

rdt send()

reliable data
tfransfer protocol
(sending side)

deliver data()

reliable data
tfransfer protocol
(receiving side)

[ packet| Irdt rev()

Junreliable ChcurmeI)JA

(b) service implementation

3 cdc dac thi cua kénh truyén khdng tin cay s& xdc dinh su phiic
tap cua giao thuc truyén dix liéu data transfer protocol (rdt)

Lop Transport
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Truyén dit ligu tin cay

rdt_send () : dugc goi boi lop app. deliver data() : dugc goi
Chuyén dit liéu can truyén dén lop bsi rdt dé truyén dir ligu dén
cao hon bén nhan |6p cao hcrr/
\ rdt_send () | [data data Tdeliver_data()
bén [eliable data reliable data bén
.+ [fransfer protocol transfer protocol hA
gul |sending side) (receiving side) nhan
udt send ( )i packet packet rdt rcv()
T—»()unrelioble channel )J
udt_send () : duoc goi boi rdt rcv () : duoc goi khi géi dén
rdt, dé truyen cdc géi trén kénh bén nhan
kénh khong tin cay den noi
nhan
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Truyén dit ligu tin cay

Sé.

7 chi xem xét truyén dit liu theo 1 huéng duy
nhat
o nhung diéu khién ludng thong tin sé theo ci 2 chiéul

7 dung mdy trang thai hitu han (finite state
machines-FSM) dé xdc dinh bén giri, bén nhan

sy kién gdy ra trang thdi truyén
cdc hanh dong xay ra khi truyén

— L ——
su kién @
cdc hanh dong )

Lop Transport 26

trang thai: khi ¢ “trang
thdi” nay thi trang
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duoc xdac dinh béi su
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Rdt1.0: truyén dit licu tin ciy trén 1 kénh truyén tin
ciy
3 kenh uu tien tin ciay hodn toan
o khong cé cdc 1oi
o khdng mat mdt cdc géi
7 cdc FSM phan biét cho bén giri, bén nhan:
O bén gui gui dit liéu vao kénh uu tién
O bén nhan nhan di liéu tir kénh uu tién

rdt_send(data) rdt_rcv(packet)

extract (packet,data)

packet = make_pkt(data) deliver_data(data)

udt_send(packet)

bén gui bén nhan
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Rdt2.0: kénh vai cac 16i

7 ké&nh uu tién cé thé bat 1€n mot s6 bit trong géi
o checksum dé kiém tra cdc 16
A A6/ lam sao khéi phuc cac 16i?
O cdc acknowledgements (ACK): bén nhan rd rang thong bdo
cho bén gui rang quad trinh nhan goi tot
O cdc negative acknowledgements (NAK): bén nhan rd rang
thdng bdo cho bén gui rang quad trinh nhan géi cé 16i
O bén gui gui lai géi hao dugc xdc nhan la NAK
7 cdc co ché méi trong rdt2.0 (sau rdtl.O0):
o kiém tra 16i
o nhan phan hoi: cdc thong diep diéu khién (ACK,NAK) bén
nhan > bén gui
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rdt2.0: dac ta FSM

rdt_send(data)

snkpkt = make_pkt(data, checksum) bén nhan
udt_send(sndpkt) )
rdt_rcv(rcvpkt) &&
b AC iISNAK(rcvpkt)

3 rdt_rcv(rcvpkt) &&
hoac udt_send(sndpkt) corrupt(rcvpkt)

NAK
udt_send(NAK)

~
rdt_rcv(rcvpkt) && isACK(rcvpkt) S
A

ho goi t
I&p dwoi

bén guri

rdt_rcv(rcvpkt) &&
notcorrupt(rcvpkt)
extract(rcvpkt,data)

deliver_data(data)
udt_send(ACK)
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rd+2.0: hoat dong khi khong loi

rdt_send(data)

snkpkt = make_pkt(data, checksum)
udt send(sndpkt

rdt_rcv(rcvpkt) &&
iISNAK(rcvpkt)

ho goi t

rdt_rcv(rcvpkt) &&
6p dwdi

udt send(sndpkt) corrupt(rcvpkt)
udt_send(NAK)

. C

ho goi t
I&p dwoi

rdt_rcv(rcvpkt) && isACK(rcvpkt)
=
A

rdt rcv( rcvka &&
notcorrupt(rcvpkt)
extract(rcvpkt,data)

deliver_data(data)
udt_send(ACK)

Lop Transport
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rdt2.0: hoat dong khi cé 16i

rdt_send(data)

snkpkt = make_pkt(data, checksum)
udt send(sndpkt)

rdt_rcv(rcvpkt) &&

&P dwoi

rdt_rcv(rcvpkt) && isACK(rcvpkt)
=
A

corrupt(rcvpkt)

6P dwoi

rdt_rcv(rcvpktl &&

notcorrupt(rcvpkt)

extract(rcvpkt,data)
deliver_data(data)
udt_send(ACK)

Lop Transport
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rdt2.0 ¢ 16 hong nghiém trong!

Diéu gi xdy ra néu Quan ly tring lap:
ACK/NAK bi hong? 3 béngui truyén lai géi hién tai
7 bén giri khdng biét diéu gi néu ACK/NAK bi hong
dd xay ra tai bén nhanl O bén gui thém so thi fu vdo
3 khdng thé don phuong moi goi
truyeén lai: kha nang trung 3 bén nhan huy (khong nhan)
lap goi trung lap

—dung va cho
bén gti gui 1 gdi,
sau dé dirng lai cho phan hoi
tir bén nhan
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rdt2.1: bén gui quan ly cac ACK/NAK bi
hong

rdt_send(data)

sndpkt = make_pkt(0, data, checksum)
udt_send(sndpkt)

rdt_rcv(rcvpkt) &&
( corrupt(rcvpkt) ||
iSNAK(rcvpkt) )

udt_send(sndpkt)

0

rdt_rcv(rcvpkt)
&& notcorrupt(rcvpkt)
&& isACK(rcvpkt)

rdt_rcv(rcvpkt)
&& notcorrupt(rcvpkt)
&& isACK(rcvpkt)

* A
rdt_rcv(rcvpkt) &&
( corrupt(rcvpkt) ||
iSNAK(rcvpkt) ) rdt_send(data)
udt_send(sndpkt) sndpkt = make_pkt(1, data, checksum)

udt_send(sndpkt)

Lop Transport
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rdt2.1: bén gui quan ly cdc ACK/NAK bi
hong

rdt_rcv(rcvpkt) && notcorrupt(rcvpkt)
&& has_seqO(rcvpkt)

extract(rcvpkt,data)
deliver_data(data)

sndpkt = make_pkt(ACK, chksum)
udt_send(sndpkt)

\
\
rdt_rcv(rcvpkt) && (corrupt(rcvpkt) \\ rdt_rcv(rcvpkt) && (corrupt(rcvpkt)

sndpkt = make_pkt(NAK, chksum)
udt_send(sndpkt)

sndpkt = make_pkt(NAK, chksum) \

udt_send(sndpkt) Q

rdt_rcv(rcvpkt) &&
not corrupt(rcvpkt) && (
has_seq1(rcvpkt)

sndpkt = make_pkt(ACK, chksum)

udt_send(sndpkt)

rdt_rcv(rcvpkt) &&
not corrupt(rcvpkt) &&
has_seqO(rcvpkt)

sndpkt = make_pkt(ACK, chksum)
udt_send(sndpkt)

rdt_rcv(rcvpkt) && notcorrupt(rcvpkt)
&& has_seq1(rcvpkt)

extract(rcvpkt,data)
deliver_data(data)

sndpkt = make_pkt(ACK, chksum)
udt_send(sndpkt)
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rd12.1: thao luan

bén gui:

3 s6 tha tu # thém vao
goi

3 chi can hai s6 thu tu
(0,1) la du. Tai sao?

7 phai kiém tra néu viéc
nhan ACK/NAK bi hong

m s‘é trang thdi tdng 1€n 2
lan

o trang thdi phai "nhé" goi

“hién tai" cé s6 thu tu la
O hay 1

bén nhan:

7 phai kiém tra cé nhan
trung goi khong
O trang thadi chi ro cé hay
khdng mong cho s6 thi
tu O hoic 1
3 chd y: bén nhan khong
bict ACK/NAK vira roi
cua né cé dugc ben gui
nhan 16t hay khdng

Lop Transport
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rdt2.2: mot giao thic khdng can
NAK

3 chirc ndng giong nhu rd+2.1, chi ding cdc ACK

7 thay cho NAK, bén nhan giti ACK cho géi vira roi dd
nhan t6t
O bén nhan phai ré rdng chén sé tha tu cua géi vira ACK

J trung ACK tai bén giri hau qua glong nhu hanh dong
ctia NAK: truyen lai goi vica ro/
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rdt2.2: gqiri, nhan cdc manh

rdt_send(data)
sndpkt = make_pkt(0, data, checksum)
udt_send(sndpkt) rdt_rcv(rcvpkt) &&

( corrupt(rcvpkt) ||
isACK(rcvpkt,1) )

udt_send(sndpkt)

rdt_rcv(rcvpkt)
&& notcorrupt(rcvpkt)
&& isACK(rcvpkt,0)

rdt_rcv(rcvpkt) &&
(corrupt(rcvpkt) ||
has_seq1(rcvpkt))

udt_send(sndpkt)

rdt_rcv(rcvpkt) && notcorrupt(rcvpkt) el
&& has_seq1(rcvpkt)

extract(rcvpkt,data)

deliver_data(data)

sndpkt = make_pkt(ACK1, chksum)

udt_send(sndpkt) Lép Transport
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rdt3.0: cdc kénh vai 16i va mat mdt

Gia dinh mai: kénh uu tién
cling ¢é thé lam mat
cac goi (dix liu hoac
cac ACK)

o checksum, s6 tht tu, cdc
ACK, cdc viéc truyen lai
s& ho trg nhung khong
du

Céch tiép can: bén gui cho

ACK trong khoang thoi
gian “chap nhan duoc”

T truyén lai néu khdng nhan ACK
trong khoang thai gian nay

3 néu géi (hoic ACK) chi tré
(khdng mat):

O truyén lai s& gdy tring,
nhung ding so thu tu s&
giai quyet dugc

O bén nhan phai xdc dinh s6
thi tu ciua géi vira giri ACK

T can bo dinh thi dém lui

Lop Transport
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rdt3.0 gui

\

rdt_rcv(rcvpkt)

rdt_rcv(rcvpkt)
&& notcorrupt(rcvpkt)
&& isACK(rcvpkt,1)

stop_timer

timeout
udt_send(sndpkt) C
start_timer (J

rdt_rcv(rcvpkt) &&
( corrupt(rcvpkt) ||
iSACK(rcvpkt,0) )

A

rdt_send(data)

rdt_rcv(rcvpkt) &&

tw trén

sndpkt = make_pkt(0, data, checksum) ( corrupt(rcvpkt) ||
udt_send(sndpkt) isSACK(rcvpkt,1) )
\ start_timer A
—
timeout
udt_send(sndpkt)
start_timer

rdt_rcv(rcvpkt)
&& notcorrupt(rcvpkt)
&& isACK(rcvpkt,0)

stop_timer

Cho cho
goi 1
twr trén

rdt_rcv(rcvpkt)
A

rdt_send(data)

sndpkt = make_pkt(1, data, checksum)
udt_send(sndpkt)
start_timer

Lop Transport
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hanh dong cua rdt3.0

sender receiver
okt
send pki0 \O‘ eV pkio
ACK send ACKO
rcv ACKO
send pktl kT]
rcv pkil
ACK send ACK]1
rcvACK
send pkiO Kt g
rcv pkio
ACK send ACKO

(Q) operation with no loss

sender receiver
kt
send pkio 0 eV pkio
ACK send ACKO
rcv ACKO
send pkt1 ] \&&
(loss)
fimeout  _|
resend pkt] %
[CV ki1
ACK send ACKT
rcvACK o
send pkiO

rcv pkiO
)8/ send ACKO

(b) lost packet
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hanh dong cua rdt3.0

sender receiver
okt
send pktO 0 eV pkiO
ACK send ACKO

rcv ACKO

send pkil = pk’r]
\ rcv pkitl
ACK send ACKI

(loss) )(A'y

fimeout = pkt 4
resend pki1 \rcv Pkt .
(detect duplicate)

ACK send ACK]
rcvACK
send pkiO iy
rcv pkio
ACK send ACKO
(c) lost ACK

sender receiver
kt
send pki0 \%‘ rov pki0
ACK send ACKO
rcv ACKO _
send pkil
rcv pkil
send ACK1
timeout
resend pkil -
rcv pki|
rcvACK (detect duplicate)
send pki0 send ACK1
rcv pkio
send ACKO

(d) premature timeout
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Hiéu suat cia rdt3.0

A rd+3.0 lam viéc duge, nhung ddnh gid hiéu suat hoi ric roi
O vi du: lién két 1 Gbps, tré lan truyén giita hai dau cudi la 15
ms, goi 1KB:

_ L (d¢ dai géi tinh bang bits). 8kb/pkt

fruyen = R (8¢ do truyen, bps) 10°%9 b/see - O Microsec
o Uy do kha dung -
U = L/R 008 _ 0.00027

sender RTT+L/R " 30,008

o géi 1KB mdi 30 msec -> 33kB/s trén duong truyén 1 Gbps
o giao thic network han ché viéc dung cdc tai nguyén vat Iyl
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rdt3.0: hoat dong dirng-va-cho

glri nhan
goi dau tién da truyén, t = 0 —feo-oo-ooooceee e
g6i cudi cung da truyén, t=L /R

goi dau tién da dén

RTT —gai cudi cung da dén, glri ACK

ACK dén, gtvi goi ké tiép,|
t=RTT+L/R_

U L/R .008

dor™ — = 0.00027
sender  RTT+L/R 30008
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Cdc giao thic Pipelined

Pipelining: bén gui cho phép guri nhiéu géi dong thai,
khdng can cho bdo nhan dugc
O nhém cdc s6 tha tu phai tdng dan
O phai ¢6 bd nhd dém tai noi gui va/hoac noi nhan

<+— ACK packefts

(a) a stop-and-wait protocol in operation (b) a pipelined protocol in operation

3 hai dang pho bién cua cdc giao thuc pipelined: go-Back-
N, Lap co kea chon
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Pipelining: d6 kha dung tang

sender receiver

gdi dau tién da truydn, t = 0 koo
goi cubi cung da truyén, ;
t=L/R

goi dau tién da dén

___>—goi cudi cung da dén, glri ACK
_bit cudi clia goi thir 2 dén, gtri ACK

bit cudi cua goi thir 3 den, giri ACK

RTT

~ ACK dén, guvi goi,
ké tiép, t= RTT + L/ R B >

Do kha dung tang Ién
' / gap 3 lanl

U 3*L/R = 0c4 = 0.0008

sender RTT+L/R  30.008
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Go-Back-N

Bén gui:

3 k-bit s6 tht tu trong header cua géi

7 “cira 6" tdng 1€n d&én N, cho phép gtii cdc géi lién tuc khdng can
ACK

send._ base nexfseqn um

already usable, not
ack’ed yet sent

L | e ] e

wmdow size —4

A ACK(n): ACKs tat ca cdc géi dén, chia s6 thir tu n - "ACK tich Ity"
O ¢é thé nhan cdc ACK trung lip (xem bén nhan)
3 dinh thi cho mdi géi trén duong truyén
O timeout(n): guilai géi n va tat ca cdc géi cd s6 thu tu cao hon
trong cua so
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GBN: bén gui mo rong FSM

rdt_send(data)

if (nextsegnum < base+N) {
sndpkt[nextseqnum] = make_pkt(nextseqnum,data,chksum)
udt_send(sndpkt[nextsegnum])
if (base == nextseqnum)

start_timer
nextseqnum-++
A else
—_— e refuse data(data
base=1 * — ( )

*
‘e

nextseqnum=1 ™

* timeout
start_timer
udt_send(sndpkt[base])
C‘ Q udt_send(sndpkt[base+1])

udt_send(sndpkt[nextsegnum-1])

rdt_rcv(rcvpkt)
&& corrupt(rcvpkt)

rdt_rcv(rcvpkt) &&
notcorrupt(rcvpkt)

base = getacknum(rcvpkt)+1
If (base == nextseqnum)
stop_timer
else

start_timer Lép Transport 47



GBN: bén nhian mé rong FSM

default
udt_send(sndpkt) rdt_rcv(rcvpkt)
-~ ( ) && notcurrupt(rcvpkt)

A TS~ - && hasseqnum(rcvpkt,expectedsegnum)
= -

expectedseqnum=1 A:-Dextract(rcvpkt,data)

sndpkt = deliver_data(data)

make_pkt(expectedseqnum,ACK,chksum) sndpkt = make_pkt(expectedseqnum,ACK,chksum)
udt_send(sndpkt)

expectedsegnum-++

ACK-duy nhat: ludn ludn giti ACK cho géi d& nhan dng,
véi 56 thir tu xép hang cao nhat
O ¢6 thé sinh ra cdc ACK tring nhau
O chi can nhé expectedseqnum
7 goi khong theo thu tu:
o huy -> khong nhan vao bo déml
o gui lai ACK véi s6 thtr tu xép hang cao nhat
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GBN
hoat dong

sender

send pkt0
send pkt

»  send pki?2

send pkt3
(wait)

rcv ACKO
send pkt4

rcv ACKI

—pktZ timeout
send pki2
send pkt3
send pkt4
send pkto

receiver

\
\(léb(ss)

N

send pkts \

—
~

rcv pkto
send ACKO

rcv Pkrl
send ACK

rcv pkt3, discard
send ACK

rcv pktd, discard
send ACK]

rcv pkih, discard
seng ACK

rcv pki2, deliver

send ACK? |
rcv pkt3, deliver

send ACK3

Lop Transport
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Lap co lua chon

7 bén nhan thdng bdo dd nhan ddng tat ca tung gdi
mot
o dém (buffer) cdc géi néu can thiét
3 bén gui chi gui lai cdac géi nao khong nhan dugc
ACK
O bén giri dinh thi d6i voi moi géi khdng giri ACK
7 cia s6 bén gui
o N s tha tu lién tuc
o han ché s6 thu tu cdc géi khdng giri ACK
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Lap ¢d lua chon: cdc clra s6 giri, nhan

send_base  hexfseqgnum dlready Usable. not
i ¢ ack’ed yet sent
0T e e
t _ window size—4
N

(a) sender view of sequence numlbers

out of order

acceptable
(buffered) but B yithin window)
already ack’ed

ﬂﬂﬂﬂﬂﬂﬂﬂﬂlllllllllIIIIIIIIIII |ogecissag [ et

wmdow size—4
N

rcv_base

(b) receiver view of sequence numbers
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Lap cd lua chon

— G

dir liéu tur lop trén:

T néu so thi ty ke tiep sin
sang trong ctra s, guri goi

timeout(n):

3 gui lai géi n, tdi khai tao bo
dinh thi

ACK(n) trong
[sendbase,sendbase+N]:

A ddénh dau géi n la dd nhan

3 néu géi khong ACK cé n nho
nhat, dgch ghuyén cua so
base dén so6 thir tu khdng
ACK Ké tiép

— Nhin

gél n Tr'ong [rcvbase, rcvbase+N-
1]

3 gt ACK(n)

3 khong tht ty: dém (buffer)

3 ¢6 tha tu: truyen (cling
truyen cac géi dd dém, cé
tha tu), dich chuyén cua s6
dén gdi chua nhan ké tiép

gél n TPOHQ [rcvbase-N,rcvbase-
1]

3 ACK(n)

nguoc lai:

O 1o di
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oat dong cua lap cd lua chon

plktl =ent

pktl =ent

plkt? =ent

plkt3 =ent.
012 31458 7829

012 3456 7819

window full

ACED rowd, pktd ==nt

o)1 2 3 4

e 7809

ACK]l rowd, pkthS =ent

01z 3 4 5(6 7 89

—— pkt2 TIMEOUT, pkt2 resent

01z 3 4 5(6 7 89

ACKD rowd, nothing =ent
D112 3 4 5|6 7 8 9

012 3456 789 W

(loss)

0

1 2 3 415

0123]456 783 ﬂq__hﬂﬁ—_hhﬁﬁq__“““i‘pktD rovd, delivered, ACED =sent

B 7 89

pktl rowd, delivered. ACEl =ent
nij2 3245

B 7 89

pktd rocvd, uffered. ACKI =ent
0 1|2 3465

& 7 589

pktd rovd, buffered. ACK4 =ent
01|z 2 45

B 7 89

pkth rovd, buffered. ACKS =ent
01z 2 4 5§

£ 7 819

pkt2 rovd, phkt2, plktd, pktd, plth
delivered, ACK?Z =ent

012345k 789

‘ansport
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Lap cd lua chon:

tinh trang kho

giai quyét

Vi du:

O
O

Ho

S6thatu: 0,1, 2,3
Kich thuéc cira s6 = 3

bén nhan khéng thay su
khdc nhau trong 2 tinh
hudng

chuyén khdng chinh xdc
dir liéu trung lap nhu di
liéu méi trong (a)

i quan hé giita ddy s6

tht tu va kich thudc
cua so?

sender window
(after receipt)

receiver window
(after receipt)

pktO
012|301 2 ol1 2 3l01 2
012301 0123012
012|301 2 012130 1l2

timeout
retransmit pktO

ktO
012301£

(a)

sender window
(after receipt )

- receive packet
with seq number O

receiver window
(after receipt)

ktO
012301¢Q

012301

CK1
ACK2

0123012

01 2 3j0 1

0 1j2 301

()

o1 2

3]0 1 2

0 1j2 3 0)J1 2

012

3012

receive packet
with seq number O
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3.5 Van chuyén huéng ket noi:
TCP

James F. Kurose
Keith W. Ross
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TCP: Téng_q UQN RFcs: 793, 1122, 1323, 2018, 2581

O point-to-point: O di liéu full duplex:
o mot bén gui, mot bén nhan O ludong dix liéu di 2 chiéu

L ; . trong cling mot két noi
0 Tin cay, O’Oﬂg byfe o O MSS: maximum segment

thir tu- size - kich thusc doan t6i
o khéng "ranh gigi thong da
digp” 3 hudng két néi:
3 kenh lién laCI o bat tay (trao d6i cdc
o TCP diéu khién luong va théng C14"3P dicu khlen)
tac nghen thiet 1ap kich Tr‘ang thdi bén gui, bén
thude cira $b Ir:gam truéc khi trao doi dit

O cdc bs dem giri & nhan 3 diéu khién luong:

O bén gui s& khéng lan 4t
= oo bén nhan

socket
door —

TCP TCP
send buffer receive buffer
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TCP: cau tric doan

« 32 bits

URG: dit ligu khan cap
(thuong khdng ding)™_|

port # nguoh | port # dich

ACK: ACK# | 50 thi fu
head| not R

PSH: push data how
(thuong khdng ding)—

entased |PAPRISIF| cua s6 nhan

M&\/ con tro URG

RST, SYN, FIN:— |
thiét 1ap két noi

— ’
Tt]y/e(on (do dai thay doi)

(cdc lenh thiét lap, /
chia nho) dir liéu tng dung

Internet /

checksum
(giong UDP)

(do dai thay doi)

dém boi s6 byte
cua dir liéu

s6 byte bén
hhan san
sang chap
nhan
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Cdc s6 thu tu TCP va ACK

Cdc so thu tu:

O dong byte "danh
s6" byte dau tién
trong dir liéu cua
doan

cdc ACK:

O 50 thir tu cia byte
ké tiep dugc cho doi
tir phia bén kia

o ACK tich liy

Hoi: lam thé ndo bén nhan
quéan ly cdc doan khéng
tho tu

O Tra loi: TCP khong
dé cap, Ty thuoc
nguoi hién thyuc

bdo nhan

Jota = C ¢ phan hoj
K;A—Ss (]
o192, @ nguoc lai 'C
se

host ACKs
nhan phan hoi Se

q:43, ACK=8O

tinh hudng telnet don gian

Lop Transport
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TCP Round Trip Time vaTimeout

Hoi: Lam thé nao dé Hoi : Lam thé ndo dé thiét lap
thiét 1ap gid tri TCP RTT?
timeout? 7 SampleRTT: thoi gian duoc do tu
7 ddi hon RTT khi truyen doan dén khi bdo nhan
o khdc véi RTT ACK

7 qud ngin: timeout s6m O 1o di viéc truyen Ia'x. o
o truyn lai khdng cin O SampleRTT s¢ thay d"'0|, muoh udc
thiét lugng RTT "mugt hon ,
o tinh trung binh mot s6 gid tri
do duoc gan dé, khdng chi
SampleRTT hién tai

3 qud dai: phan tng cham
doi vai viéc mat mat goi
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TCP Round Trip Time va Timeout

EstimatedRTT = ( a)*EstimatedRTT + oa*SampleRTT

0 gid tri diac trung: o =0.125
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Vi du danh gid RTT:

RTT: gaia.cs.umass.edu to fantasia.eurecom.fr

350 -

300

250 +

RTT (milliseconds)

200 -

150

100 T T T T T T T T T T T T T T T
1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106
time (seconnds)

—e— SampleRTT —=— Estimated RTT
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TCP Round Trip Time va Timeout

Thiét lap timeout

7 EstimtedRTT cong “hé so du trit an toan"
O su bién thién I6n trong EstimatedRTT -> hé sb du trir an toan
l6n hon
O uéc luong dau tién vé su bien thién caa SampleRTT tur
EstimatedRTT :

DevRTT = (B)*DevRTT +
B* | SampleRTT-EstimatedRTT |

(tiéu biéu B = 0.25)

Sau dé thiét lap timeout interval:

TimeoutInterval = EstimatedRTT + 4*DevRTT
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TCP: truyén dit lidu tin cay

3 TCP tao dich vy rdt
trén dich vu khong tin
cay IP

3 cac doan Pipelined

3 cac ACK tich Ity

7 TCP phlmg bd dinh thi
truyen lai don

3 Truyén lai dugc kich
hoat bai:
O cdc su kién timeout
O cdc ack trung lap
3 ldc dau khao sdt cdc
bén gui TCP don gian:
o 16 di cac ack trung lap
o lo di diég kh,ién ludng,
dieu khién tac nghén

Lop Transport
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TCP cac su kién:

dit liéu dd nhan tu ing
dung:

7 tao doan vadi sb thu tu
cua ho

3 s6 thu tu la s6 theo
byte dit licu dau tién

3 khoi dong bo dinh thi
néu chua chay

7 khoang thoi gian hét
han:
TimeOutinterval

timeout:

3 gti lai doan nao gdy ra
Timeout

3 khai dong lai b dinh
thi

Ack dd nhan:

O cép nhat cdi gi s& dugc
ACK

o kheoi dong bo dinh thi
néu co cac doan con cho

Lop Transport
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NextSeqNum = InitialSeqNum
SendBase = InitialSegNum

loop (forever) {
switch(event)

event: data received from application above
create TCP segment with sequence number NextSegNum
if (timer currently not running)
start timer
pass segment to IP
NextSeqNum = NextSeqNum + length(data)

event: timer timeout
retransmit not-yet-acknowledged segment with
smallest sequence number
start timer

event: ACK received, with ACK field value of y
if (y > SendBase) {
SendBase =y
if (there are currently not-yet-acknowledged segments)
start timer
}

} " end of loop forever */

TCP
bén gui

(don gian)

Chu thich:

- SendBase-1: byte
vua duoc ACK

tich Ity

Vi du:

- SendBase-1=71;
y= 73, vi thé bén nhan
muon 73+ ;

y > SendBase, vi thé
dir liéu méi dugc
chip nhan
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TCP: cdc tinh huong truyén lai

SendBase

=100

«— timeout——

v

time

tinh huéng mat ACK

Sendbase
= 100
SendBase
=120

SendBase
=120

92 TimeouT—>|

92 fimeout —s+— Seq

eq-

'p]
4
v

time

timeout s6m

Lop Transport
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TCP: cdc tinh hudng truyén lai (1)
@ Host A Host B @

Seq=

9
2 8 bytes datg

A0V T
Seq=100, 20 PO

S dat
X a

loss
SendBase AP\GK/

=120

timeout ——

Time
tinh huéng ACK tich Ily
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TCP sinh ra ACK [RFc 1122, RFC 2581]

Su kién tai bén nhan TCP bén nhan hanh ddng
Doan dén voi ding so thi ty ACK tré. Ch& dén 500ms

mong mudn. Tat ca dir liéu dén cho q’oan ké tiép. Néu khéng co6 doan
da duwoc ACK ké tiép, giri ACK

Poan dén véi dung sé thir tw Gri ngay mot ACK tich Iy, chap nhan

mong mudn. Mot doan khac dang| cho ca cac doan theo thir tw
chd ACK

Céac doan dén khong tho tw GUi ngay ACK trung I&p, chi thi so th(r ty
I&n hon sb thir tw doan mong mudn. doan cla byte ké tiép dang mong cho
C6 khoang trong

Doan dén ‘ GUi ngay ACK, véi dieu kién la doan
lap day trng phan hoac toan bo bat dau ngay diém cé khoang trong
khoang trong
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Truyén lai nhanh

3 Chu ky Time-out
thuong tuong doi dai:
o do tré dai trudc khi gui
lai géi dd mat
3 Xdc nhan cac doan dd
mat biang cdc ACK
trung lap.
O bén gtri thuong giri nhiéu
doan song song
o Néu doan bi mat, s& xay
ra tinh trang giong nhu
nhiéu ACK frung nhau

3 Néu bén gtri nhan 3 ACK

cua cung mot dix liéu, no
cho la doan sau dir liéu
dd ACK bi mat:
O Truyén lai nhanh: gti lai
dgan trudc khi bo dinh thi
hét han

Lop Transport
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Giai thuat truyén lai nhanh:

s kién: ACK da nhan, voéi trvong la 'y
if (y > SendBase) {
SendBase =y
if (there are currently not-yet-acknowledged segments)
start timer
}
else {
increment count of dup ACKs received fory
if (count of dup ACKSs received fory = 3) {
resend segment with sequence numbery
}
/ \
mot ACK trung lap cho Truyén lai nhanh

doan dd duoc ACK
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TCP didu khién ludng

-diéu khién lueng
bén gti sé khong lam
trdn bo dém vi truyén

qué nhiéu va qué nhanh

7 bén nhan cua két noi
TCP c6 mot bo dém
nhan:

b— RevWindow —f

7 i

3 dich vu so tring toc
o o o 1 |
ﬁg > %?/ﬁ application

data from

s e ST dor so tring toc do gui
07 véi toc do nhan cua tng
4—— RevBuffer ————| dung

3 tién trinh (ing dung cd
thé cham tai ldc doc bd
dém
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TCP diéu khién luong: cdch lam?

b— RevWindow —f

700, 3 Bén nhan thong bdo
/ //_Papplication khOéng du Tf‘ﬁ’ nhé’ gla,

data from

v | ™" {r{ RevWindow frong
A%%/ff cac doan
b—— RevBuffer ———— A . , .
3 Bén gui han ché dir liéu
(Gia st bén nhan TCP loai bo khéng dugc ACK vdo
cac doan khang co thua 1'11’) RcvWindow
3 dy phong trong bo dém O bao dam bo dém nhan
= RcvWindow khéng fran
= RcvBuffer-[LastByteRcvd -
LastByteRead]
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TCP quin ly két noi

Chu y: Bén giri va bén nhan
TCP thiét lap "két noi" trudce
khi trao doi dir liéu

3 khéi tao cdc bién TCP:

O cdc sb thi tu doan

o thong tin cdc bo dém,
dieu khién luong (nhu
RcvWindow)

3 client: nguoi kKhoi xudng két
nol

Socket clientSocket = new
Socket ("hostname", "port

number") ;
O server: duoc tiép xdc boi

client

Socket connectionSocket =
welcomeSocket.accept() ;

3 phuong phdp bit tay:

Buéc 1: client host giri doanTCP
SYN dén server

o xdc dinh sé tht tu khoi dau
O khong phai dit ligu
Buéc 2: server host nhan SYN,
tra loi véi doan SYNACK
O server cap phdt cdc bo
dém
o xdc dinh s6 tht tu khoi dau
Bugc 3: client nhan SYNACK, tra
|51 v6i doan ACK (¢é thé chta
dir liéu)

Lop Transport
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TCP quan ly két noi (t1)

Ddng mot két noi:

client déng socket:
clientSocket.close() ;

Budc 1. client gui doan diéu
khién TCP FIN dén server

Budc 2: server nhan FIN, tra
l6i voi ACK. Déng két ndi,
gui FIN.

@ client

dong

hoi gian cho

1.

dd dong

FIN

'S
/ déng
/
m‘

server@

Lop Transport
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TCP quan ly két noi (t1)

Budc 3: client nhan FIN, tra @ client server@
loi vai ACK.

dang d¢ .
o Trong khoang “thoi gian Y
cho” - sé phan hoi voi
ACK @& nhan cdc FIN

'S
/ dqng déng
r N
Budc 4: server, nhan ACK. /
Két noi dd déng. -
N‘

Chd y: véi mot sua ddi nho,
c6 the quan ly nhicu FIN
dong thoi.

gian cho

da dong

thoi

dd dong
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TCP quan ly két noi (1t

wait 30 secands

CLOSED

TIME_WAIT

Fy

receive FIN
send ACK

FIN_WAIT_2

receive ACK
send nothing

client application

initiates a TCP connection

send SN

SYN_SENT

h 4

receive SYMN & ACK
send ACK

ESTABLISHED

FIN_WAIT_1

chu ky sbng ctia

TCP client

client application
initiates close connection

send FIM

receive ACK
send nothing

CLOSED

LAST_ACK

F 3

send FIM

CLOSE_WAIT

receive FIM
send ACK

server application

creates a listen socket

LISTEN

receive IYN
send SYM & ACK

h 4

SYN_RCVD

ESTABLISHED

receive ACK
send nothing

Lop Transport
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3.6 Cdc nguyén ly cua diéu

B oo R khién thc nghan

networking g

James F. Kurose
Keith W. Ross
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Cdc nguyén ly diéu khién tic nghén

Tac nghén:

7 “qud nhieu nguon gui qud nhanh va qud nhieu dir ligu
den mang'

3 khdc véi diéu khién ludng!

7 cdc biéu hién:
o cdc géi bi mat (tran bo dém tai cdc router)
O cde @6 tré qud ddi (xép hdng trong bo dém cla

router)
7 la 1 trong 10 van dé nan gidi nhat!
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Cdc nguyén nhdn/chi phi cia tic nhghén:

tinh huong 1

3 2 gtri, 2 nhén

Host A

3 1 router, cac bo
dém khong gidi han
7 khdng cé truyén lai

Host B

C/2+

kou’r
delay

A : original data

unlimited shared
output link buffers

)
||||||

A cdc do tré 16n
hon khi tac
nghén

7 ndng suat cé

Ci/z Thé daT Téi da
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Cdc nguyén nhan/chi phi cta tic nghén:

tinh huong 2

A 1 router, cdc bo dém co gisi han
7 bén gui truyen lai cdc géi dd mat

Host A

L g~ g Z A
A, di liéu goc out

A, dl liéu goc, cung voi

dir liéu truyén lai

Host B chia sé vo han

cac b6 dém ouput

Lop Transport
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Cdc nguyén nhan/chi phi cta tic nghén:
tinh hudng 2
3 luon luén: A = A
‘ in out ,
T truyen lai “hoan todn” chi khi mat mdat: ) > ),

\ ~ A , ’ N Out .
7 fruyén lai vi tré (khéng mit) lam cho A lon hon véi cling

out
RI2 f--mmmmmmmmmm oo . R/2 f=--mmmmmmmmmmmm oo ; R/2
N e R |
- ! -
(<o (<° R/41-=-""""mmmmmmmmmm 5
, R/2 , R/2 , R/2
}"in }"in }"in
a. b. C.

“cdc chi phi" cta tic nghén:

3 nhiéu viéc (truyén lai)

T cdc truyén lai khdng can thiét: lién két nhiéu ban sao cua gdéi
Lop Transport
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Cdc nguyén nhan/chi phi cta tic nghén:
tinh huong 3

3 4 ngudi gii Hoi: dicu gi xdy ra néu ), va )/
3 cdc duong qua nhiéu hop tdng |€n? " "
3 timeout/truyén lai

Host A . z Y
A, dir liéu goc

out

. div liéu gbc, cung
VO’I dir liéu truyén lai

chia sé vb6 han
cac b6 dem ouput

Host B
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Cdc nguyén nhan/chi phi cta tic nghén:
tinh huong 3

C/2

5
QO
<<

k!
N
“chi phi" khdc cua tic nghén:

3 khi cdc géi bi bo, bat ky "kha ndng truyén upstream
dung cho goi dé s& bi ldng phi!”
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Céc cdch tiép can doi véi dicu khién tic

nghén

2 cach:

diéu khién tac nghén end-

O

O

end:

khdng cé phan hoi ré rdng
T mang

tic nghén duoc suy ra tir
viéc quan sat cdc hé thong
dau cuoi cé6 mat mat, trée
tiép can duoc quan ly boi
TCP

diéu khién tic nghén cé su
ho tro cua mang:
3 cdc router cung cap phan
hoi vé cdc hé thong dau cudi
o 1 bit duy nhat chi thi tic
nghén (SNA, DECbit,
TCP/IP ECN, ATM)

O toc &6 s& giri dugce xdc
dinh ro rang

Lop Transport

84



Vi du: diéu khién tic nghén ATM ABR

ABR: toc do bit sin RM (resource management):
sang: 3 gui boi bén gui, rai rdac voi cac 6
3 “dich vu mém déo" dir liéu
7 néu dudng gui “chua hét": O cdc bit trong 6 thiét lap boi cdc
switch

O bén gui s¢ dung bdng o
thdng sin sdng o bit NI : khong tdng toc do
T néu duong gti tac nghén: (1'.ac "Qhef‘ nhe) N
o bén gii didu tiét vei O bit CI: tic nghér} ro rét
téc d6 t6i thiéu 3 Cdc 6 RM duoc tra vé bén guri tu
' bén nhan véi nguyén ven cdc bit
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Vi du: diéu khién tic nghén ATM ABR

I RM cells
source D data cells destination

Switch Switch

S 00—

3 truong 2-byte ER trong 6 RM
o switch dd tic nghén cé thé cé gid tri ER thap hon trong 6
O t6c do giri do @6 cé thé dugce hd tro toi da trén dusong
7 EFCI bit trong cac o dir liéu: dugc cdi gia tri 1 trong
switch dd tic nghén
O néu 6 dir lieu dtng trusc 6 RM cé cdi EFCI, bén guri s& cai bit
CI trong 6 RM tra vé

Lop Transport

86



3.7 Diéu khién tic nghén TCP

James F. Kurose
Keith W. Ross
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TCP dicu Khién tac nghén: additive tdng Ién,
multiplicative giam xudng
O Cdch tiep cin:tdng toc do truyen (kich thudc cira s6),
tim kha nang bang thong cé thé, cho dén khi cé mat
mdt xay ra
O additive tang /én: tdng CongWin bsi 1 MSS moi RTT
cho dén khi cé mat mat xay ra
o multiplicative giam xuong. bo CongWin trong nia
giai doan sau khi mat mat

window

N\ . A _
Tlm k|em “8 24 Kbytes
) A

bdng thong S £
O L 16 Kbytes —
O O
ug C
L ~>8
+ = gKbytes
S .
kv time

» time
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TCP diéu khién tic nghén: chi
tiet

7 bén gti han ché viéc truyén: Lam thé ndo bén gii nhan
LastByteSent-LastByteAcked bi’é'l' tac nghén?
< CongWin O l’\'}ﬁT mat Xay ra =
7 C8ng thiic timeout Aodc 3 ack
: trung lap
téc do = ongWin Bytes/s 3 bén gtii giam t6c do
| RTT (CongWJ.n) sau khi mat

7 CongWin thay ddi, chic ndng la ~ mat Xay ra
nhhan biét tic nghén trén mang 3 co ché:
o AIMD
O khei dong cham
O than trong sau khi cé
cac su kién timeout
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TCP Khoi dong cham

3 Khi két noi bat dau, 3 Khi két noi bat dau, tdng
CongWin = 1 MSS toc 1€n rat nhanh cho
o Vidy: MSS =500 bytes &  dén khi su c6 mat mat
RTT = 200 ms x4y ra dau tién

O toc d6 khoi tao = 20 kbps
A bdng thong sin sang cé
thé >> MSS/RTT

o mong muon nhanh chéng
tdng toc len toc do co thé
ddp ing
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TCP khai dong cham (11)

3 Khi két noi bat dau,
tdng t6c |1én rat nhanh
cho dén khi sy c6 mat
mdt xay ra dau tién:

O nhdn d6i CongWin moi
RTT

O hoan thanh nho tdng
CongWin trhg v&i moi
ACK dd nhan
7 Tong két: t6c do khoi
dau la cham nhung sau
dé tdng toc rat nhanh

18D Host A Host B b
W

4 doan

«—RTT—

Tl‘i(‘yi gian
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Tinh ché

Hoi: ’Khi nao Viéc Tﬁng
toc tro thanh tuyén

TCP Series 1 Tahoe

TCP Series 2 Reno

Threshold

tinh?
Tra loi: Khi CongWin = E:
dat dén 1/2 gid tri G g_| Threshold_
cua né trudc khi é g
timeout. 5 4
= ]
0 [ |
Hién thuc: v

7 Ngudng thay doi

3 Tai thoi diém cd sy c6 mat
madt, ngudng duoc cai gia tri
bing 3 cua CongWin ngay
trudc d6

34 5 6 7 B

Transmission round

11T 1T 1T 1T 1
9 10 1112 13 14 15
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Tinh ché: nhan bict mat mdt

73 Sau 3 ACK trung lap:
O CongWin s& giam 1/2
o kich thudc cira $6 tdng
tuyén tinh
7 nhung sau su ¢o timeout:
O CongWin thay gid tri
bang 1 MSS;
o kich thudc cira $6 tdng
cap lty thua
o khi dén mot ngudng thi
tdng tuyén tinh

— Nguyeén ly:

a3 ACK trung nhau chi ra
kha ndng truyén ctia mang
Q timeout chi thi "nhiéu
canh bdo" vé tinh huong
tic nghén
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Tong két: TCP diéu khién tic nghén

7 Khi CongWin duéi Threshold, bén gui dang trong
giai doan khé’i, dong cham, kich thudc cira s6 tdng
nhanh theo cap liy thua.

7 Khi CongWin trén Threshold, bén gui dang trong
giai doan ‘rréqh tac pghén, kich thudc cira s6 tang
nhanh theo cap tuyén tinh.

3 Khi c6 3 ACK trung lap xay ra, Threshold =
CongWin/2 vd CongWin = Threshold.

3 Khi timeout xay ra, Threshold = CongWin/2 va
CongWin = 1 MSS.
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")

TCP diéu khién tic nghén bén qui

Trang thai Sw kién TCP bén giwri hanh dong Dién giai
Slow Start ACK bao CongWin = CongWin + MSS, Hau qua lam tang gap doi
(SS)-Khoi nhan cho dir | If (CongWin > Threshold) CongWin mdi RTT
dong cham litu chwa cai dat trang thai “Tranh tac
ACK trwoc nghén”
do
Congestion ACK bao CongWin = CongWin+MSS * Additive tang Ién, lam tang
Avoidance nhan cho dit | (MSS/CongWin) CongWin lén 1 MSS moi
(CA) —Tranh ligu chua RTT
taic nghén ACK trwdc
do
SS hoic CA Su cb6 mat Threshold = CongWin/2, Khéi phuc nhanh, hién thuc
mat xay ra CongWin = Threshold, giam xudng multiplicative.
khi thdy c6 3 | cai dit trang thai “Tranh tic CongWin s€ khéng giam
ACK trung nghé&n” xudng dwéi 1 MSS.
lap
SS hoac CA Timeout Threshold = CongWin/2, Vao ché do “Khoi dong
CongWin =1 MSS, cham”
cai dat trang thai “Khai dong
cham”
SS hoac CA ACK trung Pém ACK tang lén cho doan CongWin va Threshold
lap vira dwgc ACK khéng thay dol

4 b d
I—UP rranopul l
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TCP throughput

7 Throughout trung binh cua TCP bicu dién
qua kich thuéc ciua s6 va RTT?

O Bo6 qua trang thdi "Khai dong cham”

A Cho W ld kich thusc cia s6 khi ¢é mat mdt
Xay ra.

A Khi kich thuéc ctra s6 = W, luu lugng =
W/RTT

7 Chi hgay sau khi mat mdt, cira 6 giam xuong
= W/2, luu lugng = W/2RTT.

3 throughout trung binh: 0.75 W/RTT
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TCP tuong lai

3 Vi du: cdc doan dai 1500 byte, RTT 100ms, luu
lugng 10 Gbps

3 Kich thuoc cira 6 yéu cau W = 83,333 doan trén
duong truyen
3 Luu lugng trong cdc truong hop mat mat:
1.22- MSS

RTTAL

A =L =21010
3 Phién ban méi cua TCP danh cho nhu cau toc do cao!
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TCP: tinh cong bing

Muc tiéu: néu K phién lam viéc TCP chia s¢ ’ké’r noi co
chai cua bdng thong la R, moi phién cé toc do
trung binh la R/K

TCP két ndi 1
router co chai
TCP / kha nang R

két noi 2
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Tai sao phii TCP cdng bing?

2 phién lam viéc canh tranh nhau:
O Additive tang, luu lugng tdng
O multiplicative giam luu lugng tuong xtng

chia s¢ bdng thdng bang nhau

mat mdt: giam cira s6 bing 1/2

tranh tic nghén: addifive tdng Ién
mat mdt: giam cira s6 bing 1/2
trdnh tic nghén: additive tdng Ién

Connection 2 throughput o

Connection 1 throughput R
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TCP: tinh cdng bing (11)

Tinh cbng bing & UDP

3 nhiéu tng dung thuong

khong dung TCP
o khdng muon toc do bi
dicu tiet do dieu khién
tac nghén
7 Thay bing dung UDP:
o truyén audio/video voi
toc do on dinh, chiu
duoc mat mat
3 Nghién cau: giao thuc
thadn thién véi TCP

Tinh conqg bing & cdc két noi

TCP song song

3 khdng cé gi ngdn can viéc
ttng dung mé cdc ket noi
song song gitta 2 host.

7 Trinh duyét Web lam giong
nhu thé

3 Vi du: toc do R hé tro 9
ket noi ;

O {tng dung méi yéu cau 1 TCP,
co toc do R/10

o {thg dung méi yéu cau 11 TCP,
co toc do R/2 |

Lop Transport 100



MO hinh tré

Hoi: Mat bao lau dé nhan 1
doi tuong tir Web server
sau khi gtri yéu cau?

Bo qua tic nghén, tré bi anh
huong bai:

O thiét 1ap két noi TCP

3 tré truyén dit liéu

3 khaoi dong cham

Notation, cdc gia dinh:

7 Gia sit mot ket noi gitta
client va server cé téc do R

a3 S: MSS (bits)

A O: kich thusc d6i tuong
(bits)

7 khdng truyén lai (khong mat
mat, khong hong)

Kich thuésc cua s6:

0 Gia dinh 1: cira s6 tic nghén
c6 dinh, cé W doan

7 Sau dé cira s6 thay d6i, mod
hinh khoi dong cham
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Cira s6 tic nghén ¢ dinh (1)

irtiate TCF
cortiect on

Trudng hop dau tién: —
object -
WS{R >RTT + S/R: chg doan
dau tién trong cira s6 tra
vé trudce khi cua so6 dir liéu
giri ACK

tré = 2RTT + O/R

time
at cliert

¥

ey
i

tithe
at serrer
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Cira s6 tic nghén co6 dinh (2)

initiate TCP

cofecton ‘\:h !

Truong hop thu hai:

J WS/R<RTT + S/R: sent et
cho cho ACK sau khi gui
dir liéu

tré = 2RTT + O/R
+ (K-D[S/R + RTT - WS/R]

lirme
at client

b M_'“'"“'—wma_
“—‘!h'\_h_w"w s
ﬂ‘.,ﬂﬂo—";m
e RTT
_#FM-HM#
m_%_‘%—%-
-WH-MM_M_
SR
.~ WSIR
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TCP M4 hinh tré: Khoi dong cham (1)

Bay gio gia st kich thudc cira s6 tdng 1€n tly theo qud
trinh khai dong cham
Do tré cia mot doi tuong sé la:

Latency —orrT+ 4 Pl RTT + 5 —(2P—1)§
R R R

trong d6 P 1a s6 lan TCP ranh o tai server:

P=min{Q,K -1}

- trong dé Q ld s6 lan server ranh néu doéi tuong dd khoi tao kich thusc

-va K ld s6 lugng cira s6 bao trim doi tuong
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TCP Mo hinh tré: Khsi dong cham (2)

4 > A Xe initiate TCP
Cac thanh phan tre: initate TCF
* 2 RTT danh cho thiéet —
lﬁp két noi va Yéu cau request
* O/R dé Tr'UYén doi object } first window
tugng = SIR
LT ) A
*thoi gian server ranh RTT I second window
boi vi khoi dong cham = 28R
Server ranh: third window
P = min{K-1,Q} lan

Y
A

fourth window
= 8S/R

Vi du:

- O/S =15 doan
- K= 4 cta $6
cQ=2

P = m|n{K'1:Q} =2 object \ complete

transmission

v

delivered

time at
time at server
client

Server ranh P=2 lan
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TCP M6 hinh 1ré(3)

S :
> + RTT = time from when server starts to send segment

until server receives acknowledgement

initiate TCP
connection
k-1 S . . . T
2" — = time to transmit the kth window equest
R object — ] ) )
¢ first window
=8S/R
S k=1 S ' . . . R%T second window
> +RTT -2 > =1dle time after the Ath window ¥ I - 2SR
third window

=4S/R

fourth window
=8S/R

P
delay = % +2RTT + Z idleTime,

p=1

O S 1 S
=—+42RTT+ ) [=+RIT-2"" — v

R ; [ R R ] bject \ complete

objec transmission
delivered

=9+2RTT+P[RTT+§]—(2P —1)E | time at

R R R time at server

client
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TCP MG hinh treé (4)

K = 86 lugng ctra s6 bao trim doi tuong
Lam thé ndo tinh duoc K ?

K =min{k:2°S+2'S+---+2'S >0}
=min{k:2° +2' +--- 42" >0/8}

=min{k:2" -1> Q}
S
: O
=min{k : k > log, (E +1)}
O
= (log2 (E + 1)—|

cdach tinh toan Q tuong tu (xem HW).
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HTTP Mo hinh

O Gia st frang Web chua:
o 1 trang HTML (kich thudc Obits)
o M hinh anh (mdi cdi kich thuéc O bits)
A HTTP khdng bén vitng:
O M+1TCP két noi
O Thoi gian ddp itng = (M+1)O/R + (M+1)2ZRTT + tong so thoi gian
ranh
O HTTP bén viing:
O 2RTT &t yéu cau va nhan file HTML
O IRTT &t yéu cau va nhan M hinh inh
O Thoi gian ddp itng = (M+1)O/R + 3RTT + tong s6 thoi gian rinh
0 HTTP khdng bén vitng voi X két ndi song song
O Gia sit M/X la s6 nguyén.
0 1 TCP két noi cho file
O M/X thiét lap cdc két néi song song cho cdc hinh anh
O Thoi gian ddp itng = (M+1)O/R + (M/X + 1)2RTT + tong s6 thoi
glan ranh Lép Transport 108




HTTP thoi gian ddp (tng (gidy)

RTT = 100 msec, O = 5 Kbytes, M=10 va X=5

201
184
16+
14
12
101

E non-persistent

M persistent

[J parallel non-
persistent

28 100 1 10

Kbps Kbps Mbps Mbps
V6i bdng thdng thap, thoi gian két ndi & ddp ng tréi hon thoi gian
truyén

Cdc két néi bén vitng chi cho su cii thién khdng ddng ké trén cdc két noi
song song
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HTTP thoi gian ddp (tng (gidy)

70+
60
S0
40-
30-
20
104

RTT =1sec, O = 5 Kbytes, M=10 and X=5
E

E non-persistent
M persistent

[J parallel non-
persistent

0_

Vi RTT lon hon, thoi gian ddp ting troi hon thoi gian tré cho thiet lap két ni
TCP & khéi dong cham. Cdc két néi bén viing bdy gio cho thay cai thién rd rét:

dac biét véi cdc mang bang thong cao
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Chuong 3: Tong két

3 cdc nguyén ly cua cdc dich
vu l6p transport

o multiplexing,
demultiplexing

o truyén dit lidu tin cay

Q dléu khlén |u6n9 T|ép theo:
o diéu khién tac nghén ] n9h|én ciru xong cac
3 khoi tao va hién thuc trong van dé "ngoai bién"
Internet (cac 16p application,
o UDP transport)
5 TCP 7 chuan bi vdo phan
“16i" cua mang
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