Mang may tinh

BO mon Ky thuat may tinh va Mang
Khoa Cong nghé Thong tin
Pai hoc Su pham Ha NOi
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Chwong 4: Tang giao van

Muc dich:
0 Hiéu cacnguyéntidc O Hoc vé giao thirc tang giao
bén trong dich vu cua van trong Internet:
tang giao van: m UDP: khéng huéng két noi
m Multiplexing/Demultiple m TCP: hwéng két noi
Xing m Diéu khién tdc nghén cda
m Truyén di liéu tin cay TCP

m Diéu khién ludng
m Diéu khién tdc nghén
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Chwong 4: Tang giao van

1 4.1 Cac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen di liéu tin cay
Q1 4.3 Dich vu khdng m Diéy khiér: |U<2f19
hwédng két ndi: UDP m Quan ly két ndi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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Céc giao thrc va dich vu tang giao van

Q2 Cung cap truyén théng 16-gic
gitra c4c tién trinh (rng dung
chay trén cac host khac nhau
O Cac giao thire giao van chay
trén cac hé thong cudi
m Bén gwi: chia cac ban tin
trng dung thanh cac
segment, chuyén t&i tang
mang

m Bén nhan: ghép cac
segment thanh ban tin,
chuyén I&én tang tng dung

2 Nhiéu hon mét giao thire giao
van cho rng dung

m Internet: TCP va UDP

application
transport

network

data link

networ
data link
physical
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Tang giao van va tang mang

0 Tang mang: truyén théng
|6-gic gilra cac host
0O Tang giao van: truyén thdéng
16-gic gilra cac tién trinh
m dwa trén dich vu cda tang
mang

Twong tw hdé gia dinh:

12 dira tré guvi thur cho 12 dira

d
d

D O

tre

Céc tién trinh = cac dira tré
Cac ban tin (rng dung = cac
blrc thw

host = nha

Giao thirc giao van = Ann va
Bill

Giao thirc tang mang = dich
vu chuyén thw
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Cac giao thirc tang giao van cua Internet

Q Truyén tin cay, co th tw

transport

(TCP)
m Diéu khién tdc nghén
m Diéu khién ludng
m Thiét [ap két nbi
Q2 Truyén khéng co the tw,
khong tin cay: UDP
A Cac dich vu khéng co:
m Dam bdo do tré
m Bam bao bang thong @pp [ data Tk

physical

network
data link
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Chwong 4: Tang giao van

1 4.1 Céac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen dir liu tin cay
0 4.3 Dich vy khong m Dieukhien luong
hwédng két ndi: UDP m Quan ly két ndi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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Multiplexing/demultiplexing

- Demultiplexing tai host nhan:

Chuyén cac segment da nhan
t&1 dung socket

[ ] =socket Q = tién trinh

Multiplexing tai host guri:

Thu thap dir lieu tir cac socket,
dong goi dir liéu bdi header
(sau do sé dung dé
demultiplexing)

application 0 application @ application
[— A# I —
transport transport transport
network network network
link link link
physical physical physical
host 1 host 2 host 3
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Thuwc hien demultiplexing

AQ Host nhan goi dir lieu IP
m Moi géi dir liéu co dia chi IP
nguon, dia chi IP dich
m Mbi gbi di¥ liéu mang mot
segment clia tang giao van
m M®bi segment co gia tri cong
ngudn va cong dich (gia tri
cong cb dinh cho cac kiéu
trng dung cu thé)
Q Host str dung dia chi IP va gia
tri cdbng dé chuyén segment toi
socket thich hop

> 32 bits >

dest port #

source port #

Cac trwdng header

D@ liéu rng dung
(ban tin)

Binh dang TCP/UDP segment
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Chwong 4: Tang giao van

1 4.1 Céac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen dir liu tin cay
0 4.3 Dich vu khong m Diéu khién luong
hwdng két ndi: UDP m Quan ly két ndi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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UDP: User Datagram Protocol [RFC 768]

3O Dich vu “best effort”, UDP

segment co thé: Tai sao c6 UDP?
m mat 0 Khong thiét lap két ndi (thiét
m chuyéen khong theo thu lap c6 thé tang do tré)
tw den wng dung Q Don gian: khdng ¢o trang
a Khéng huong két noi: thai két noi tai bén guvi, bén
m Khdng co bat tay gitra nhan
bén gri va bén nhan Q Header clia segment nho
m MOoi UDP segment duorc 0 Khoéng diéu khién tc nghén:

dieu khién doc lap UDP c6 thé gli ra voi toc do
mong muon

1-11



UDP (tiép)

QO Thwdng st dung cho cac
trng dung da phuwong tién
truyén dong

m Chép nhan mat goi  -engthtinh
2 .. .4 «~ theo byte cua T~ length checksum
m Nhay cam voi toc do UDP
a Ung dung khac st dungsegment,
UDP bao gdm
+ DNS header

m SNMP
2 Truyén tin cay qua UDP:
thém s tin cay tai tang wng
dung
m Khoi phuc 16i do (rng
dung cu thé

> 32 bits >

source port # dest port #

dir liéu
cua wng dung
(ban tin)

Binh dang cua UDP segment
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UDP checksum

Muc dich: phat hién 16i trong segment da truyén

Bén guwi: Bén nhan:
0 DAi x& voi ndi dung cac Q0 Tinh toan checksum cua
segment nhw chudi cac s6 segment nhan duoc
nguyen 16 bit 0 Kiém tra xem checksum d3
a checksum: cdng (tong bu tinh co bang gia tri trrong
cua 1) cua ndi dung checksum:
segment m KHONG BANG- Phat hién
Q Phia gt dat gia tri cO 10
checksum trong truvong m BANG — khong phat hién ra

checksum ctia UDP 16i. Nhwng ¢o thé co 16i?
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Vi du Checksum

a0 Chuy

m Khi cdng cac s0, gia tri bit nhé can thém vao két
qua

0 Vi du: cdng hai s6 nguyén 16 bit

1110011 001100110
1101010101 010101

@1011101110111011

Tong 1011101110111100
checkstum 01 0001000100001 1
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Chwong 4: Tang giao van

1 4.1 Céac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen di liéu tin cay
Q1 4.3 Dich vu khdng m Diéy khiér: |U<2f19
hwéng két ndi: UDP m Quan ly két noi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

Q1 4.4 Cac nguyén tac cla
truyén dir liéu tin cay
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Céac nguyén tac cla truyén dir liéu tin cy

Q0 Tam quan trong cla tang lién két di liéu, tang giao van, tang
tng dung

-
O
O O
O = senalngl receiver I
8 - process process
- | 1
dt send :
= Ib()relicnble c:hcmnel)1 i sheanL )
8_ o) reliable data reliable data
@D > fransfer protfocol transfer protocol
g O (sending side) (receiving side)
= udt_send ( )¢ I packet I I packeil Irdt rev()

Junreliable c:homnel);IA

(a) Dich vu cung cap (b) Cai dat dich vu

0 Dac diém cla kénh truyén khéng tin cay xac dinh sw phire tap
cua giao thire truyén dir liéu tin cay (rdt)
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Truyén di liéu tin cay

rdt_send(): dwoc goi bdi tang trén.
D@ Iiéu‘ da chuyén dwgc chuyén toi
tang trén cua bén nhan

\‘ rdt send()

data

Bén gtri [relicble data
fransfer protocol
(sending side)

udt_send ()} [pactel

deliver_data(): duwgc goi boi rdt
dé truyén dir liéu 1én tang trén

/

data Tdeliver_data ()
reliable data

Bén nhan

fransfer protocol
(receiving side)

packet

Irdt_rcv ()

T—»()unrelioble channel )J

udt_send(): goi bai rdt, dé
truyén gai tin qua kénh khéng
tin cay t¢i bén nhan

rdt_rcv(): goi khi gai tin dén phia

bén nhan
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Truyén di liéu tin cay

Q0 S& dung may trang thai htru han (FSM) dé xa ly
bén nhan va bén gwi

S kién gay ra chuyén trang thai
Hanh dong khi chuyén trang thai

state: khi trong 1 trang —_— o
thai, trang thai tiép
theo 14 duy nhat doi
v&i 1 sy kién

sw kién
Ranh déng )

1-18



rdt1.0: Truyén tin cay qua kénh tin cay

0 Tang dwdi la truyén tin cay
m Khoéng c6 106i bit
m Khéng méat goi tin
2 FSM cua bén gi va bén nhan:
m Bén glri chuyén di¥ liéu xudng kénh phia duwoi
m Bén nhan doc di¥ liéu tr kEnh bén dwoi

rdt_rcv(packet)

rdt_send(data) o~ i

extract (packet,data)

packet = make_pkt(data) deliver_data(data)

udt _send(packet)

Bén gui Bén nhan
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Rdt2.0: kénh co 16i bit

0 Keénh phia dwéi co thé co 16i
m checksum dé phat hién 16i
0 Céach khéi phuc [0i
m Bao nhéan (ACK): bén nhan chi rd cho bén gwi godi tin nhan
thanh cong
m Bao 16i (NAK): bén nhan chi rd cho bén giri goi tin co 10i
m Bén nhan truyén lai géi tin néu nhan NAK
1 Co ché rdt2.0:
m Phat hién 16i
m Phan hoéi cho bén nhan: ban tin diéu khién (ACK, NAK: bén
nhan -> bén gui)
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rdt2.0: May trang thai

rdt_send(data)

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

rdt_rcv(rcvpkt) &&
iISNAK(rcvpkt)

udt_send(sndpkt)

rdt_rcv(rcvpkt) && isACK(rcvpkt)

Bén gwi

Bén nhan

rdt_rcv(rcvpkt) &&

corrupt(rcvpkt)
udt_send(NAK)

~ 2

rdt_rcv(rcvpkt) &&
notcorrupt(rcvpkt)
extract(rcvpkt,data)
deliver_data(data)
udt_send(ACK)
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rdt2.0: Trwong hop khéng 10

rdt_send(data)

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

rdt_rcv(rcvpkt) &&

iISNAK(rcvpkt
(revpid) rdt_rcv(rcvpkt) &&

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

notcorrupt(rcvpkt)

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

rdt2.0: Treodng hop co |0l

rdt_send(data)

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

rcv(revpkt) &&

A "y

rdt_rcv(rcvpkt) &&
corrupt(rcvpkt)

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

deliver_data(data)
udt_send(ACK)
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>

rdt2.1: Bén gwri, diéu khién ACK/NAK 10i

rdt_send(data)

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

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

udt_send(sndpkt)

Goi ACK
hodic NAK

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)
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rdt2.1: Bén nhan, diéu khién ACK/NAK I6i

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)

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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rdt2.1

Bén quri:

4

J
J

seq # duoc thém vao
goi tin

Hai seq. #'s (0,1)
Phai kiém tra néu
ANCK/NAK da nhan cob
fo]

Hai [an -> én dinh

Bé&n nhan:

0 Phai kiém tra goi tin d3
nhan co lap khdng
m Trang thai chi dinh pkt

seq # mong dgi la 0 hay
1

1-26



U O

rdt2.2: Giao thirc NAK-free

Twong tw rdt2.1, chi str dung ACK
Thay vi NAK, b&n nhan phai gtri ACK cho pkt cudi da
nhan OK

ACK lap tai bén nhan sé nhu xt& ly nhw nhan NAK:
truyén lai pkt hién tai
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rdt2.2: Phan manh tai bén gtri va bén nhan

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

udt_send(sndpkt) rdt_rev(rov

— a pkt) &&
<5 D ( corrupt(rcvpkt) ||
iSACK(rcvpkt,1) )

udt_send(sndpkt)

FSM bén gui

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

L

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

udt_send(sndpkt)

FSM bén nhan

\ -

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

extract(rcvpkt,data)
deliver_data(data)

sndpkt = make_pkt(ACK1, chksum)
udt_send(sndpkt)
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rdt3.0: ké&nh co 16i va mat goi

Gia sr: kénh phia dwdico  Cach tiép can: bén nhan doi

thé mat goi (di liéu ACK mét thei gian

hoac ACK) Q  Truyen lai néu khong cé ACK

m checksum, seq. #, ACK, nhan tai thoi diem nay
truyén lai 1a khdng du 0 Néu géi tin (hodc ACK) tré

(khdng mét):
m Truyénalai -> 14p, st dung
seqg# de giai quyet
m Bén nhan phai gan seq #
cua goi tin dwoc ACK
0 Doi héi bd dém thoi gian nguoc
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rdt3.0 Bén guri

rdt_send(data)

rdt_rcv(rcvpkt) &&

rdt_rcv(rcvpkt) \

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

stop_timer

timeout

udt_send(sndpkt) C

start_timer

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

A

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

( corrupt(rcvpkt) ||
iISACK(rcvpkt,1) )
A

timeout

udt_send(sndpkt)
start_timer

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

stop_timer

@oi cudc gni
1t trén

rdt_rcv(rcvpkt)
A

rdt_send(data)

sndpkt = make_pkt(1, data, checksum)
udt_send(sndpkt)
start_timer
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rdt3.0

sender receiver

Pkt
send pktO \O’ rcv pkio
send ACKO
|

rcv ACKO /

ACK
send pki1 \M\A
rcv pktl
ACK send ACK
rcvVACK]
CK

send pkiO K g
A rcv pkt0
send ACKO

(a) Khédng méat goi

sender receiver
pkt
send k0. =50 rovpii
ACK send ACKO

rcv ACKO

send pkt1 ] \%
(loss)

fimeout okt

resend pkil~ \
rcv pkil

ACK send ACK

rcvVACK ot
send pkiO

rcv pkio
y send ACKO

(b) Mat goi
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rdt3.0

sender receiver _
okt sender receiver
send pkiO 0
\ rcv pki0 send pki0 K g
ACK send ACKO rcv pkio
rev ACKO ACK send ACKO
send pkt1 ] pkT rcv ACKO _
\ rcv pkil send pkil "
ACK send ACKI1 [CV P
(l0ss) X/ send ACK]
timeout = ki fimeout
resend pktl &‘FCV okt 1 resend pktl =
ACK (detect duplicate) rCv ki1
send ACK1 rcvACK1 (detect duplicate)
rcvACK o send pktO send ACK1
send pktO I rcv pkio
ACK send ACKO K o send ACKO
(c) Mat ACK (c) Timeout
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Hiéu nang cua rdt3.0

2 Hiéu nang cua rdt3.0 bi anh hwdéng
Q0 Vidu: dwdng truyén 1 Gbps, lan truyén 15 ms, goi tin 1KB:

T = L (d6 dai gai tin, bit) _ 8kb/pkt - 8 mi
transmit R (tc dd truyén, bps) 109 b/sec _ © microsec
U L/R ﬂ = 0.00027

sender pTT.| /R 30.008

m U__ ... swstdung —thoi gian bén glri ban gui

m 1KB pkt trong moi 30 msec -> 33kB/sec thong lwong qua dwong
truyén 1 Gbps

m Giao thlrc mang han ché st dung tai nguyén vat ly!
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rdt3.0: Hoat dong stop-and-wait

Bén guvi Bén nhan

goi tin dau tién dwoc truyén, t = 0
goi tin cudi cung truyén, t = L/ R+

bit cha godi tin dau tién dén
—bit clia goi tin cudi cung dén, gl
ACK

RTT

ACK dén, gli goi tin tiép, |
t=RTT+L/R"

\\

U ___L/R .008

dor™ = = 0.00027
sender  RTT+L/R 30008
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Cac giao thwrc Pipeline

Pipeline: B&n gri cho phép nhiéu, t&i cac goi tin dwoc
ack
m Dai gia tri sequence phai tang
m Vung dém tai bén gri va bén nhan

<+— ACK packets

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

2 Hai hinh thirc chung cua cac giao thirc pipeline:
go-Back-N, selective repeat
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Pipelining: Tang hiéu qua st dung

Bén gt Bén nhan

Bit gdi tin diu tién dworc truyén,

A

Bit cubi cung duoc truyér;[ -
t=L/R

Bit g6i tin dau tién dén

Bit gai tin cudi cung dén, gtri ACK

Bit cudi cuing cuia goi tin thir 2 dén, gl
ACK

Bit cudi cung cla goi tin 3 dén, giri ACK

RTT

ACK déen, glri goi tin tiép theo, |
t=RTT+L/R |

Tang hiéu qua sw
dung Ién 3 lan

.

U 3*L/R 024 0.0008

sender pTT.L /R 30.008
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Go-Back-N

Bén gui:
a k-bit seq # trong pkt header
2 “window” N, cho phép cac goi tin khéng ack lién tiép

send_base  nhexfsegnum —y sl st
i l ack’ed yet sent
LT HDITO00000 | st [ v
+ __ window size —%
N

a ACK(n): ACK moi gai tin t&i seq # n - “ACK tich IGy”
m Co6thé nham ACK Iap
Q Thoi gian cho méi goi tin
timeout(n): truyén lai goi tin n va tat ca goi tin seq# I&n hon n trong
clra sb
0 Ly do phai gioi han N: didu khién ludng, didu khién tic nghén 137

U



GBN: FSM m& rong cua bén guri

rdt_send(data)

if (nextseqnum < base+N) {
sndpkt[nextsegnum] = make_pkt(nextseqnum,data,chksum)
udt_send(sndpkt[nextseqnum])
if (base == nextseqnum) /* pkt chwa dwoc ack dau tién */

start_timer
nextseqnum++
}
A else
base=1 refuse_data(data)
nextseqnum=1 ( ) fimeout
start_timer

udt_send(sndpkt[base])
udt_send(sndpkt[base+1])

&& corrupt(rcvpkt)
udt_send(sndpkt[nextseqgnum-1])

rdt_rcv(rcvpkt) O Q

rdt_rcv(rcvpkt) &&

notcorrupt(rcvpkt)
S&r dung mét base = getacknum(rcvpkt)+1
timer cho gai tin If (base == nextseqnum) /* tat ca cac pkt déu dwoc ack */
da gti va chua stop_timer
duoc ack va ci else /* van con goi tin chwa dwoc ack */
nhét start_timer 1-38



GBN: FSM mo réng cua bén nhan

default
udt_send( sndpkt)

rdt_rcv(rcvpkt)
&& notcurrupt(rcvpkt)

A && hasseqgnum(rcvpkt,expectedseqnum)
Qextract(rcvpkt data)

expectedseqgnum=1 deliver_data(data)

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

ACK: luén guri ACK cho gdi tin da nhan dung véi goi tin
dung tht tw seq # nhat
m Co thé sinh ra ACK I&p
m Chi can nh® expectedseqnum

a Gai tin khéng dung thur tuw:

m Loai bd (khéng dwa vao bd nh¢ dém)
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sender

GBN

send pkiO
send pki |

send pkt2

send pkt3
(wait)

-

rcv ACKO
send pkt4

rcv ACKI

—pkt2 fimeout
send pkt2
send pkt3
send pkt4
send pktd

Window size = 4 pkt

receiver

\
\(Ibczss)

"4

send pkts \

ol
~

rcv pkto
send ACKO

rcv Pkt
send ACK

rcv ki3, discard
send ACK

rcv pki4, discard
send ACKI

rcv pkid, discard
seng ACK

rcv pki2, deliver

send ACK2
rcv pkt3, deliver

send ACK3



Selective Repeat

d Bén nhan ack rieng cho moi gaéi tin nhan dung

m Dua goi tin vao ving dém néu cau, co thé sap th tw

chuyén |én lop trén

2 Bén guwi chi gwi lai goi tin khi khéng nhan ACK

m B& dém thdi gian bén glri cho méi géi tin khong dwoc ACK
1 Clra sb bén nhan

m N seq # lién tuc

m Gi&i han seq #s gwi, goi tin khéng ACK
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Selective repeat: Clra s6 bén gi, b&n nhan

send_base nextsegnum — bl
i' ¢ ack’ed yet sent
0O | s o
t  window size —24
N

(a) sender view of sequence numbers

out of order

acceptable
(buffered) but ¥ (within window)
already ack’ed

ﬂﬂﬂﬂﬂﬂﬂﬂﬂlllllIIIIIIIIIIIIIII |ogecisng [ et

t  window size—4

i N

rcv_base

T Y Y

(b) receiver view of sequence numbers
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Selective repeat

—Bén g

D@ liéu tw trén:

0  Néu co seq # tiép trong clra sb,
gl goi tin

timeout(n):

a G’l]’i lai gdi tin n, kh&i tao lai bd
dém thoi gian

ACK(H) [sendbase,sendbase+N]:

0 Danh du gdi tin n da nhan

a  Néu n goi tin khéng dwoc ACK
nho nhat, if n smallest unACKed
pkt, chuyén co sé& clia clra sO
t&i seq # khéng dwoc ACK tiép

—Bén nhan

Gai tin n [rcvbase, rcvbase+N-1]

O  Gui ACK(n)

O Khoéng dung thtr tw: vung dém

0 Bang tht tw: chuyén 1&n (cling
co thé dwa vao vung dem, xep
thir tw), clra sO chuyéen tiep toi
goi tin da nhan tiep

pkt N [rcvbase-N,rcvbase-1]

O  ACK(n)

Néu khéng:

O Bodéqua
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— pkt?2

pktl =ent

pktl sent

Selective repeat

e e “__kﬁ—_—hﬁ—_hﬁﬁ__“““"pktD rcvd, delivered, ACKOD sent

0:|1, 2234 &]57p 7+8+9

07123 4-5:6: 2589

pktl rcvd, delivered. ACKl sent

pkt2 sent 0 1|2 3 4 5[ 7 89
0123456789 ™
(loss)
pkt3 sent, window full
DA R pkt3 rcvd., buffered. ACK3 sent
012 3 4 5|6 7 89
ACKD rcvd, pktd =ent
SR ) o i > pktd rcvd, buffered, ACK4 sent
ACKl rcvd, pktS =ent 01|12 3 4 5|6 7 829
0 1|2 3 4 5(6 7 89
pktS rcvd, buffered. ACKS sent
0 1|2 3 4 5(6 7 89
TIMEOUT, pkt2 resent
0 1|2 3 4 5(6 7 89
pkt2 rcvd, pkt2,pkt3, pktd, pktS
delivered, ACKZ sent
ACK3 rcvd, nothing sent 012345783

01(2 3 4 5|6 789
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Selective repeat

Vi du:
a seq#s:0,1,2,3
0 Kich thwéc clra s6=3

Q0 Bén nhan thay khéng co
s khac nhau trong 2
kich ban

2 Chuyén khéng dung div
liéu nhu maoi (a)

Q: Quan hé gitra kich
thwdc seg# va kich
thwde clra s67?

sender window
(after receipt )

receiver window
(after receipt)

ktO
0123012E

Ofjl 2 301 2

012301 0123 0]1 2

0123012

01230 1j)2

ACK2

timeout
retransmit pktOQ

ktO
012301£

—Jp receive packet
with seq number O

(a)

receiver window
(after receipt)

sender window
(after receipt )

ktO
01230149

Ofl 2 3J0 1 2

012|301 01123 0]1 2

012J3012 0123012
ACK2

o1 2 3]0 1

01j230f1

receive packet
with seq number O

()
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Chwong 4: Tang giao van

0 4.1 Cac dich vu tang Q2 4.5 Dich vu huéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen di liéu tin cay
Q1 4.3 Dich vu khdng m Diéy khiér: |U<2f19
hwéng két ndi: UDP m Quan ly ket ndi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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TCP: Téng quan rrc: 793, 1122, 1323, 2018, 2581

Q Point-to-point: 2 D liéu truyén song

m Mot bén giri, mot bén nhan cong:
a Tin cay, co thu tw m Ludng di liéu truyén hai
Q0 Pipeline: ﬁglleu trén cung mot két

m Diéu khlen tac nghen va

diéu khién Iuong cua TCP " ZIZSGS: maximum segment
thiét Iap gia tri kich thwéc , oz,
clra sb A Hucyng két noi:
i VA A m Bat tay (trao dbi cac ban
O Vung dem gui va nhan tin dleu khién), bén g
kh&i dau

Q Diéu khién ludng:
m Bén gi khbng gri qua
.. sock! kha néng bén nhan

socket
door —

TGP TGP
send buffer receive buffer

) seqment] —p ()
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Cau truc cua TCP segment

URG: urgent data

32 bits

source port #

dest port #

dém sb byte

(khdng s dung)\
ACK: ACK #

~

sequence number

di liéu
(khéng phai

\

a

owledgement number

segments!)

PSH: push data
(khong st dung)—

head
| len—

not
Sed

APRIS|F

Receive window

Urg data pnter

# bytes
bén nhan

RST, SYN, FIN:—

/ b >
Optiyrs/(chiéu dai thay dbi)

mudn nhan

thiét 1ap két ndi

Internet /
checksum

(nhw trong UDP)

N\

di¥ lieu &rng dung
(chiéu dai thay doi)
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TCP seq # va ACK
Seq. #: @ Host A HostB@

m Gia tri cla qu“)ng =
byte clia byte dau GS Se

o~ 9=42
i ~ ia C  ACK=
tién trong d liéu W‘
cla segment host ACK
: , da nhan
ACK: B " da,‘a;‘c ‘C’, bao lai
m seq # cua byte tiép 19, RCK= ‘C
theo mong nhan Sed
m ACK tich lay host ACK d4 nhan

Q: Bén nhan diéu khién ‘C’ bao lai

cac segment khong > ACk=gg
dung thu tw

m A: Chuan khéng chi

ro, tuy thudc vao cai time

dat cu thé Kich ban telnet

1-49



RTT va Timeout trong TCP

Q: Thiét lap gia tri Q: Udc lwong RTT?

- > ~» O SampleRTT: do thdi gian ti truyén
t”:neOUt cua TCP" segment t&i khi ACK dwoc nhan
O Ldén hon RTT

m B qua truyén lai

m RTT thay db O SampleRTT thay doi, woc lwong
2 Qua nho: timeout RTT chinh xac hon
som m Gia tri trung binh cda nhiéu gia

m Khéng can thiét tri do gan do

truyén lai
2 Qua Ién: x ly cham
cac segment bi mat
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RTT va timeout trong TCP

EstimatedRTT = (1- o) *EstimatedRTT + a*SampleRTT

a Giatri thwong dung: a =0.125
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Vidu woce lwong RTT

350 A

L ]

300

o]
w
]

RTT (milliseconds}

200 1

150

100

22

29 36 43 50 57 64 71

time (seconnds)

—— SampleRTT —®—Estimated RTT

78

85

92

99

106
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RTT va timeout cua TCP

Thiét 1ap timeout

O EstimatedRTT cdng gi®i han an toan
m S thay déi I&n cua EstimatedRTT -> gia trj I& an toan I&n
0 Udc lwong SampleRTT ké thira tlr EstimatedRTT:

DevRTT = (1-8)*DevRTT +
B*|SampleRTT-EstimatedRTT]|

(thwong, B = 0.25)

Roi thiét Iap timeout:
Timeoutinterval = EstimatedRTT + 4*DevRTT
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Chwong 3: Tang giao van

0 3.1 Cac dich vu tang 2 3.5 Dich vu hwéng két

giao van noi: TCP
2 3.2 Multiplexing va m Cau trdc segment
demultiplexing m Truyen di liéu tin cay
2 3.3 Dich vy khéng m Bieukhien luong
hwéng két ndi: UDP m Quan ly ket ndi

1 3.6 Cac nguyén tac cla
diéu khién tac nghén

1 3.7 Diéu khién tac nghén
cua TCP

0 3.4 Cac nguyén tac clia
truyén dir liéu tin cay
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Truyén di liéu tin cay cta TCP

4

U U

TCP tao dich vu rdt trén Q0 Truyén lai khi:

dich vu khdng tin cay m Co sy kién timeout
cua IP m Lap ack

Pipelined segment a Xeét trwong hop bén
ACK tich ldy guri:

m B6 qua dieu khién ludng,
diéu khién tac nghén
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Cac sw kién cua bén gui TCP

Nhan di liéu tw orng dung: Timeout:

a Tao segment v&i seq # Q0 Truyén lai segment bj qua

0 seq # la gid tri ludng byte han
cua byte dau tién trong A Tinh timeout interval cho
segment segment truyén lai

0 Khoi tao bd dém thoi gian 0 Khai tao lai bd dém thei gian

2 Chuyén segment ti IP Nhan Ack:

a Tinh NextSeqNum 0 Néu segment trwdc dé chua

duwoc ACK

m Cap nhat dé biét da ack

0 Néu segment trwdc dé da
ACK

m Tang bd dém ACK Iap, Iap 3
lan thi truyén lai
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NextSegNum = InitialSegNum
SendBase = InitialSeqNum
loop (forever) {
switch(event)
event: Nhan dwoc di liéu tlr tAng (rng dung
Tao TCP segment v@i gia tri sequence NextSeqNum
Kh&i déng timer cho segment NextSegNum
Chuyén segment t&i IP
NextSeqNum = NextSegNum + length(data)

event: timer qua han cho segment c6 sequence number =y
Truyén lai segment c6 sequence number =y
Tinh timeout interval cho segment y
Kh&i déng timer cho segment y

event: Nhan dwoc ACK, gia tri cua trwdng ACK: y
if (y > SendBase) {
B timer clia tat ca cac segment c6 sequence number <y
SendBase =y
} else {/* ACK lap */
Tang s6 ACK 1ap cua segment y
if (56 1an ACK 13p cla segment y == 3) {
Truyén lai segment v&i sequence number =y
Kh&i déng timer cho segment y

}

Bén gui
TCP
(don gian)

Giai_thich:

» SendBase-1: byte
dwoc ack tich lay
cudi
Vi du:

 SendBase-1 =71;
y= 73, rcvr
mudn 73+ ;

y > SendBase,
vi thé di¥ lieu moi
dwoc ack
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TCP: Kich ban truyén lai
@HostA

<«—— timeout ——
%)
D
Q
1l
X S
Qo
> g
O D
'ﬁ (7]
W\ Q.
> |
&) B
[y
92 timeout —>

O
(D)
N n
mat '
Sendbase
22092 81 T b
yteS da, lia 5
Su SendBase 3
=120 £
o
SendBase n
=100 SendBase ¥
=120 ) timeout sém
} | th&i gian
thoi gian Kich ban khong truyén lai
Kich ban mat ACK segment khi ACK dén trwéc

timeout 1-58



Kich ban truyén lai
@ Host A Host B @

Se =

q 92, 8 bytes data

A0
Seq= cE r

1 100’20b P\sdt

X =

mat

-A20

=120

timeout ——»

thoi gian
Kich ban ACK tich Iy
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Truyén d liéu tin cay ctia TCP:
GBN hay Selective Repeat

Giong GBN:
0 ACK tich Ity
0 Bén gl ctia TCP chi can duy tri

m Sequence number nhd nhat cla géi tin da gvi, chwa dwoc ack
(sendbase)

m Sequence number cla byte tiép theo sé& glri (nextsegnum)
Khac GBN:

2 Timeout cua segment cd sequence number la n chi g
lai segment n

a RFC 2018 - TCP Selective Acknowledgment Options
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Chwong 4: Tang giao van

1 4.1 Céac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen dir liu tin cay
Q1 4.3 Dich vu khdng m Dieukhien luong
hwédng két ndi: UDP m Quan ly két ndi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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Piéu khién luong TCP

~Diéu khién ludng
n A v Ky A Bén gwi khong giri lam tran

a Beén nhlan cua ketAn0| vung dém bén nhan: truyén qua

TCP c6 buffer nhan: nhiéu, qua nhanh

+n— RevWindow —||-

o 0 Dich vu twong &ng toc
ata from : application A~ , Ve A

IP Ay —* process do: twong wng toc do
gwi voi toc d6 bén nhan

b RevBuffer ————#
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Piéu khién lubng clia TCP

{n— RevWindow —||.

0 Bén nhan théng tin vé
khong gian con thuwra

data from application

I L —*eocess trong gia trj cua
i RcvWindow trong
{'— RevBuffer —i} Segment

0 Bén g han ché di liéu
chwa ACK theo
RcvWindow
m Bam bao buffer nhan

(Gia sir bén nhan bo segment
khong dung thwr tw)
d Khong gian con thwra trong

buffer khong bi tran
= RevWindow LastByteSent -
= RcvBuffer-(LastByteRcvd — LastByteAcked <=
LastByteRead) RcvWindow

32 RcvWindow =0 ?
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Chwong 4: Tang giao van

1 4.1 Céac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen dir liu tin cay
Q1 4.3 Dich vu khdng m Bieu khien luong
hwédng két ndi: UDP m Quan ly két ndi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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Quan ly két ndi cia TCP

Thiét lap két noi:

Nhac lai: Bén gti, bén nhan
ctia TCP thiét 1ap két noi
trwdc khi trao doi div liéu

2 Khoi tao gia tri:

m Seq. #

m buffer, théng tin diéu
khién ludng (vi du:
RcvWindow)

O Client: kh&i tao két ndi

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

number");

0 Server: lién lac b&i client

Socket connectionSocket =
welcomeSocket.accept();

Bat tay 3 duong:

Buwéc 1: Client gi TCP SYN

segment toi server
m Chi dinh seq # ban dau
m Khong co di liéu
Buwdc 2: Server nhan SYN, tra i

voi SYNACK segment

m Server cap phat buffer
m Server khoi tao seq. #

Buwdc 3: Client nhan SYNACK, tra
ol bang ACK segment, co6 thé
chira dr liéu
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Quan ly két ndi cia TCP
Thiét 1ap két ndi:

@ client server@
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Quan ly két ndi cia TCP

Pong két ndi:

client dong socket:
clientSocket.close();

Buwoc 1: client g&ri TCP FIN
toi server

Buwoc 2: server nhan FIN, tra
|61 bang ACK. Pong két nbi,
gti FIN

@ client

dong

thdi gian doi

dong —

FIN

pCck
/
N

server@

dong
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Quan ly két ndi cia TCP

Bwoc 3: client nhan FIN, tra @ client server@
|l bang ACK. dang i
m Thoi gian doi: tra |0 dong IN
bang ACK bao da nhan
FIN K
Ar//////hg”””’/" d?ng
Buwdc 4: server, nhan ACK. / dong
Két nbi dong. _
G .
Sy da dong
5
=
dong
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Quan ly két ndi cia TCP

CLOSED client application
initiates a TCP connection

wait 30 seconds

/ send SYN
TIME_WAIT SYN_SENT
3
receive FIN receive SYN & ACK
send ACK

send ACK

h 4

FIN_WAIT_2 ESTABLISHED Chu ky hoat déng

client application TC P Se rve r
CRans KE initiates close connection
send nathing FIN_WAIT_1 send FIN CLOSED server application
FStaive IAEI creates a listen socket
Chu ky hoat dong send nothing
TCP client
LAST_ACK LISTEN

A

receive SYN

send FIN send SYN & ACK
) 4
CLOSE_WAIT SYN_RCVD
A
receive ACK
) send nothing
receive FIN

send ACK ESTABLISHED
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Chwong 4: Tang giao van

1 4.1 Céac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen di liéu tin cay
Q1 4.3 Dich vu khdng m Diéy khiér: |U<2f19
hwéng két ndi: UDP m Quan ly két noi

1 4.6 Cac nguyén tac cua
diéu khién tac nghén

1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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Nguyén tac diéu khién tac nghén

Tac nghén:

0 Quaé nhiéu nguon gii qua nhiéu di liéu nhanh qué
kha nang diéu khién cua mang

0 Khéc diéu khién ludng

1 Dac diém:
m Mat gai tin (tran buffer tai router)
m D0 tré ting (xép hang tai buffer cla router)
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Nguyén nhan, tac hai cla tac nghén:

Kich ban 1

Q0 Hai doi twong g,
hai d6i twong nhan

a MOt router, vung
dém khong gioi
han

0 Khéng truyén lai

C/2+

xou’r

delay

in - original data

unlimited shared
output link buffers

0 D6 tré 1&n khi
xay ra tac nghén

1 To6i da théng
lwong co thé dat

C/2

duworc
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Nguyén nhan, tac hai clia tac nghén:
Kich ban 2

a Mot router, vuang dém gidi han
QO Bén gWi truyén lai goi tin mat

Host A

| : diF liu ban dAu lout

' dir lieu ban dau, dir liéu
truyén lai

Host B vung dém cua dwong
truyén dau ra dung

chung va ¢é gi&i han
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Nguyén nhan, tac hai cla tac nghén:

Kich ban 2

a Ludn ludn: 7\~in= A
Q2 Truyén lai “hoan hao”: truyén lai chi khi mat

out

(t6t)

A> A

out

. < . in
2 S truyén lai cua goi tin bi tré (khédng mat) lam }L_' |&n hon (truong

hop hoan hao) so voi

R/2

-

S
<

, R/2
)\’in

a.

R/2

R/3

“Tac hai” cla tac nghén:
O X& ly nhiéu hon (truyén lai)
Q0 Truyén lai khdng can thiét: dwéng truyén mang nhiéu ban sao chép

cua goi tin

A

out

R/2

R/2

IN

L R4

R/2
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Nguyén nhan, tac hai clia tac nghén:
Kich ban 3

1 Bon doi tvong gui Q: biéu gi xay ra khi A,

4 Nhiéu dwong va A\ tang? In

2 timeout/truyén lai in
). dC liéu ban dau

Host A
out

A d@ liéu ban d’é‘u, va
di liéu truyén lai
vung dém cla dudng
truyén ra dung chung
va co gioi han

Host B
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Nguyén nhan, tac hai cla tac nghén:
Kich ban 3

C/2

5
)
c<

;K;f
N
Tac hai khac cua tac nghén:

0 Khi géi tin bi loai bd, kha nang truyén dwdng lén st
dung cho goi tin dé da lang phi

1-76



CAac cach tiép can
de diéu khién tac nghén

Hai cach tiép can chinh dé diéu khién tac nghén:

Piéu khién tac nghén Piéu khién tac nghén voi
cudi-cudi: sw giup d& cla mang:

2 Khdng ¢6 phan héi chinh 0 Router cung cap phan hoi téi
thire tr mang hé thong cudi

Q Tac nghén suy ra tir hé m Mot bit chi ra tdc nghén
thong cu6i theo doi mat goi (SNA, DECDbit, TCP/IP,
va do tré ECN, ATM)

0 Céch tiép can s dung bdi m Chi rd toc dd bén gtri nén

TCP guri
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Trwong hop nghién curu:
Piéu khién tac nghén ATM ABR

ABR: Available Bit Rate:
2 “Dich vu co dan”
0 Néu duong di cla bén gl
chwa dén gidi han tai:
m Bén gri nén s dung
bang théng kha dung
0 Neéu duong di clia bén g
bi tac nghén:
m Bén gli dieu chinh toc
dé dam bao toi thiéu

RM cell (Resource

4

4

Management).

Puwoc glri b&i bén gwi, rai rac

cung voi cell div liéu

Cép bit trong RM cell do switch

thiét 1ap (c6 sw tham gia cua

mang)

m NI bit: khdng tang toc do (tac
nghén nhe)

m Cl bit: tdc nghén

RM cell tra vé cho bén glvi b&i

b@n nhan v&i cac bit khong thay

doi
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Trwong hop nghién cuwu:
Piéu khién tac nghén ATM ABR

I RM cells
source I:l data cells destination

Switch Switch

IIXIIXI s

a Hai byte ER (Explicit Rate) trong RM cell
m Switch tdc nghén c6 thé gidm gia tri ER trong cell
m Vi vay, tbc dd glri clia bén gri tdi thiéu tbc dd hd tro trén dwdng
Q1 Bit EFCI trong cell di¥ liéu: dat bang 1 trong switch bi tdc nghén

m Néu cell di¥ liéu, trwde cell RM, c6 EFCI thiét lap, bén gwvi thiét lap bit
Cl trong cell RM tra vé

1-79



Chwong 4: Tang giao van

1 4.1 Céac dich vu tang Q0 4.5 Dich vu hwéng két

giao van noi: TCP
2 4.2 Multiplexing va m Cau tric segment
demultiplexing m Truyen di liéu tin cay
Q1 4.3 Dich vu khdng m Diéy khiér: |U<2f19
hwéng két ndi: UDP m Quan ly két noi

1 4.6 Cac nguyén tac cla
diéu khién tac nghén

Q1 4.7 Diéu khién tac nghén
cua TCP

0 4.4 Cac nguyén tac clia
truyen dir liéu tin cay
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Piéu khién tac nghén ctia TCP

0 Diéu khién end-end (khdng c6 hd tro
cla mang)
Q0 Bén gwi gi¢i han truyén:

LastByteSent-LastByteAcked
< CongWin

LastByteSent - LastByteAcked <= min{CongWin,

RcvWin}

0 Gan dung,

rate =

CongWin

RTT

Bytes/sec

O CongWin thay dbi ddng, chirc ndng

nhan biét sy tac nghén ctia mang

Cach bén gii nhan biét su tac
nghén?

0 Sw kién mat goi = timeout
hoac lap lai 3 ack

0 Bén gt TCP gidm téc do
(CongWin) sau sy kién méat
goi

Ba co ché:
m AIMD
m Slow start
m Khéng thay déi sau sw kién

timeout
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TCP AIMD

Giam cap s6 nhan: Giam
CongWin mét ntra sau
sy kién mat goi

congestion
window
F S

24 Kbytes —

16 Kbytes —

8 Kbytes —

Tang cap sb cdng: Tang

CongWin 1 MSS moi
RTT khj khong co su
Kién mat goi

» time

Két ndi TCP trong thoi gian dai
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TCP Slow Start

0 Khi két ndi bat dau, tang
CongWin =1 MSS tég do nh?nh theo, ham
m Vi du: MSS = 500 byte & mEl Cho; der,]. kh)‘l CO.ASUJ
RTT = 200 msec kién mat goi dau tién
m Tbc dé ban dau = 20 kbps
0 Bang théng kha dung cé
thé >> MSS/RTT

m Mong mudn nhanh t&i toc
do dang ké

1 Khi két ndi bat dau,
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TCP Slow Start (tiép)

0 Khi két ndi bat dau, tang 1 Host» Host B [

tdc d6 ham mi toi khi
W

c6 sw kién mat goi dau

tien:

m Thuw hién bang cach tang

CongWin cho moi ACK /

nhan dwoc segments
0 Tom lai: tbc dd ban dau
la cham nhwng nhanh
chong tang theo ham
ma

<+« RTT—>

time
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Qua trinh tinh chinh

a Sau 3 ACK lap lai:
m CongWin giam mét nra
m window tang tuyén tinh

a Nhwng sau s kién timeout:

m CongWin thay vi thiét
lap 1 MSS;

m window tang ham md

m Toi ngwdng thi giam
tuyén tinh

Triét ly:

« 3 ACK l&p chi rang kha
nang ciia mang chuyén
mot s segment

* timeout trwvdc 3 ACK lap
la dang chu y hon
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Qua trinh tinh chinh (tiép)

Q: Khi nao tang theo
s6 ml chuyén thanh
theo tuyén tinh?

A: Khi CongWin c0 gia
tri bang 1/2 gié tri
cua no trude khi
timeout.

Thwc hién:

1 Variable Threshold

A Tai sw kién mat gai,
Threshold dat bang 2
CongWin ngay trudc sy kién
mat goi

Transmission round

Threshold

TCP Series 1 Tahoe

TCP Series 2 Reno

Threshold

Il =l bl

Transrrission round

[l ihe L= e il 2
01 2 3 456 7 8 910111213 14 15

1-86



Téng két: Diéu khién tac nghén cua TCP

2 Khi CongWin nhé hon Threshold, bén guwi trong
pha slow-start, window I&n theo ham md.

2 Khi CongWin I&n hon Threshold, bén gui trong
pha congestion-avoidance, window |I&n theo ham
tuyén tinh.

0 Khixay ra 1ap 3 ACK, Threshold dat bang
CongWin/2 va CongWin dat bang Threshold.

0 Khi timeout xay ra, Threshold dét bang CongWin/2
va CongWin dat bang 1 MSS.
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Piéu khién tac nghén bén gri cia TCP

Sw kién Trang thai Hanh dong bén gwri TCP Giai thich
Nhan ACK cho | Slow Start CongWin = CongWin + MSS, Két qua b&i gap ddi CongWin
dir liéu khdng | (SS) If (CongWin > Threshold) moéi RTT
dwoc ack bat trang thai thanh
trwdc do “Congestion Avoidance”
Nhan ACK cho | Congestion CongWin = CongWin+MSS * Tang theo cap sb6 cbng, tang
dir liéu khdng | Avoidance (MSS/CongWin) CongWin Ién 1 MSS m6i RTT
duoc ack (CA)
trvdc do
Suv kién mat SS hoac CA | Threshold = CongWin/2, Nhanh chéng phuc hoi, thuc
goi phat hién CongWin = Threshold, hién tang cap s6 nhan.
b&i 3 ACK lap bat trang thai thanh “Congestion CongWin sé khéng gidm duéi
Avoidance” 1 MSS.
Timeout SS hoac CA | Threshold = CongWin/2, Vao slow start
CongWin =1 MSS,
bat trang thai thanh “Slow Start”
ACK lap SS hoac CA | Tang bd dém ACK |ap cho CongWin va Threshold khéng

segment dwoc ack

thay doi
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Théng lvong cua TCP

2 Théng lwgng trung binh cua TCP twr chire
nang cua window size va RTT?
m Bo qua slow start
0 Cho W Ia window size khi xay ra mat goi.
2 Khi window la W, thong lvong la W/RTT
0 Ngay sau mat goi, window giam t&i W/2,
thong lwgng W/2RTT.
a Thong lwong trung binh: .75 W/RTT
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Twong lai cua TCP

2 Vidu: 1500 byte segment, 100ms RTT, mudn 10
Gbps théng lwgng

2 Doi hoi window size W = 83,333 segment
0 Théng lwong theo tdc dd mat goi:

1.22- MSS
RTTAL

Q = L=210"
1 Phién ban mai ctia TCP cho toc do cao la can thiét!
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Suw céng bang ctia TCP

0 Muc dich clia sy cong bang: Néu K phién TCP dung
chung dwong truyen that nat béng thong R, moi
duwong nén co téc doé trung binh la R/K

Két n6i TCP 1

Ket @ diém that nut

ndi TCP 2 kha nang R
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Ly do TCP cdng bang

Hai phién canh tranh:

R Chia sé bang théng bang nhau
N
S
C
- mat goi: gidm window hé s6 2
"3 tranh tac nghén: tang céng
o
C
O
=)
o
C
©

Th

Théng lwong cia kétndi 1 R
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Sw cdng bang (tiép)

Sw céna bing va UDP Sw cong bang va cac két noi
TCP song song

a Cac rng dung da

phwong tién thuwong 0 Khdng ngan chan &ng dung
khong st dung TCP mQ song song cac két noi
m Khéng mudn tdc do giam gitba 2 host
b&i diéu khién tac nghén 1 Trinh duyét Web thuc hién
0 Wng dung st dung nhw trén
UDP:

m Déy di liéu audio/video
& toc d6 hang so, chap
nhan mat goi
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M6 hinh do tré

Gia sir mot dwdng truyén gitra

Q: Thoi gian dé nhan mot doi client va server c6 toc dd R
twong t Web server sau a S: MSS (bits)
khi gl&¢i mét yéu cau? 0 O: kich thwee ddi twong (bit)
Bé qua tac nghén, do tré anh 0 Khong truyen lai (khong mat
hwéng bdi: goi, khong 'Oi) ]
O Thiét lap két néi TCP Kich thuoc cua so:
0 Do tré truyén di liéu A Cura so tac nghén co dinh, W
segment
0 Cura s6 ddng, mé hinh slow
start
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Ctlra sb tac nghén cd dinh

Trweong hop 1:

WS/R > RTT + S/R: ACK
cho segment dau tién
trong ctra sO

Po tré = 2RTT + O/R

initiate TCP

commection |

request

object — ™[

QR

time
at client

. e
- .

4 s g & o

*

IRTT

SIR

RTT

1st ack
tebarns

time
at serwvey
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Ctra s tac nghén co dinh

initiate TCP

connection \ ;

Trwong hop 2:

O WS/R <RTT + S/R: doii 5 e g
ACK sau khi gtri lwong dir
liéu cua ctra so

P6 tré = 2RTT + O/R
+ (K-1)[S/R + RTT - WS/R]

irne
at client

b
R -
M e

-~
.
o by

-
b, S,
e
W!N\—h_

RTT

SR
WSIR.

RTT

—#

Vol

1stack
returns

time
at server
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M6 hinh d6 tré TCP: Slow Start (1)

Gia st clra sO I&n theo slow start

P6 tré cho mét dbi twong la:

Latency=2RTT+Q+P{RTT+£ —(2P—1)§
R R R

Trong do, P la lwgng thei gian TCP roi tai server

P=min{0,K —1}

- Trong d6, Q 1a lwong thdi gian server réi néu doi twong kich thudc
khéng gi&i han.
- Va K la so ctra sO trum qua doi twong
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M6 hinh do tré TCP: Slow Start (2)

Cac thanh phan tré: nate 1
2 RTT dé thiét 1ap két —
ndi va yéu cau request
- O/R dé truyén doi twong object 2 first window
- thoi gian server rdi vi "SR
slow start I second window
= 25/R

Server roi: )

P = min{K-1,Q} times Inirg wndow

Y
A

Vi du: fourth window
' = 8SRR

* O/S =15 segment

* K =4 windows

Q=2 v{

. = mi - = , complete

P mm{K 1,Q} 2 dgl?\jzfet;d transmission

Thoi gian réi cla server | fime at
- time at server

P=2 times client
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M6 hinh doé tré TCP (3)

S thoi gian khi server bat dau
E+RTT = glvi segment t&i khi server
nhan ack segment

2k—l §

thoi gian dé truyén ctra sb
thir k

{§+RTT—2H E} — thoi gian roi sau
R

ctra sb thir k

P
delay = 9 +2RTT + z idleTime
R P i

P
= 9+2RTT+Z[§+RTT—z"—1 5]
R R R

k=1

:9+2RTT+P[RTT+§]—(2P—1)§
R R R

initiate TCP
connection
\
request
. —
object , .
: first window
= S/R
R?T
¥ second window
= 25/R
A
third window
= 4SR
Y
A
fourth window
= 8S/R
v
. \ complete
opject transmission
delivered
time at
time at server

client
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M6 hinh do tré& TCP (4)

K = s6 ctra sb6 bao dbi twong
Cach tinh K?

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

=min{k:2k—12%}

=min{k : k > logz(%+ 1)}

= {log2 (% + 1)—‘

Tinh Q, gié tri ri cho dbi twong co kich thwdc khdng gidi han twong tuw.
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MO hinh hca HTTP

Q

Gia st trang Web chwra:

m 1 trang HTML co s& (kich thuwdc O bit)

m M anh (mdi anh kich thwec O bit)

Non-persistent HTTP:

m M+1 két n6i TCP

m Response time = (M+1)O/R + (M+1)2RTT + téng thoi gian réi
Persistent HTTP:

m 2 RTT dé yéu ciu va nhan file HTML co s&

m 1 RTT dé yéu ciu va nhan M anh

m Response time = (M+1)O/R + 3RTT + téng thoi gian réi
Non-persistent HTTP v&i X két ndi song song

m Gia sir M/X nguyén

m 1 két ndi TCP cho file co s&

m M/X tap cla céc két ndi song song cho &nh

m Response time = (M+1)O/R + (M/X + 1)2RTT + téng thoi gian réi
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Thoi gian tra 101 HTTP (giay)
RTT =100 msec, O = 5 Kbytes M=10 va X=5

207
181
167
147 E non-persistent
121
lg B persistent
6
i [ parallel non-
persistent
21
0-

28 100 1 Mbps 10
Kbps Kbps Mbps
Do v&i bang thong thap, thoi gian két noi va thoi gian phan hoi chi phoi b
thoi gian truyén
Persistent connection chi mang lai cai tién thém qua cac két ndi song song
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Théi gian phan hoi (gidy)

RTT =1 sec, O = 5 Kbyte, M=10 and X=5

707

60T

50T

407

307
207
107

0-

28
Kbps

Poéi véi RTT Ion, thdi gian phan hoi chi phdi béi thiét 1ap két ndi TCP va do tré

100 1 Mbps
Kbps

10
Mbps

E non-persistent
B persistent

[ parallel non-
persistent

slow start. Persistent connection dem lai cai tién quan trong: ddc biét trong mang

delay, bandwidth cao.
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Chuong 4: Tong két

1 Céc nguyén tac bén trong
cac dich vu tang giao van:
m multiplexing,
demultiplexing
m Truyén di liéu tin cay
m Diéu khién ludng Tiép theo:

m Diéu khién tac nghén 0 Durng tim hiéu phan bén
ngoai cua mang (tang

Q Swv thwe hién trong Internet , NN
wng dung, tang giao
m UDP Vén)
m TCP 2 Tim hiéu vao trong I8

cla mang
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