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R ] 38 7 B O T FEE * IR AR
o TRHR LT /AT AR A P
n NIRRT 5 IR FE
2.3 WebpzFg
2.3.1 Web

e World Wide Web

o RTa
o IRBEHEEZE
e NRBEZ /MR
o X&: HTMLXE. B, YUIESHASE

o EAHTMLM M. BaXHEMRISRS|IBHEE
* WHRAIFUE


af://n197
af://n199
af://n200

o URL-Hi—&IRENIZE
» URLIS—EEENAE AR S RIARIER):
protocol :// hostname[:port] / path / [;parameters][?queryl#fragment

w0: (http://)www.someschool.edu/someDept/pic.gif

2.3.2 HTTPHRiA

o FHERIBETAMN?
o HTTP(HyperText Transfer Protocol) #EX AMEHitMY
o C/SHHG

o ZEF-Browser: i&XK. . FBRWebXig

o fRS5ES-Web server: IINZEFHNIEK, KRIEXTHR
HTTPERA

o HTTP/1.0: RFC1945 JEikikitess

o HTTP/1.1: RFC 2068 $545LitEss
HTTPEFTCP{ERRIARSS

1. RS EEESOIROSFERIEK
2. NG R A EIIRSSEAITCPIERE (CIEEEEFSocket)
3. RSB ESESZ R ENEEERITCPIEE
4. %588 (HTTPEFim) S5WebfR$3e: (HTTPIRSS=Rim) RKHTTPER
5. XATCPiERE
HTTPEFRIREHY
o REBBAUPEMBEXREFmIERAERIMER
= fERINE: Cookie
2.3.2.1 HTTPEIERY SR

o IHTFAMER
o BNTCPIERRSAHER— TR
o HTTP/1.0
o FHAMER
o BNTCPEEAHERS IR
o HTTP/1.1

BEgE


http://www.someschool.edu/someDept/pic.gif
af://n226
af://n268

;%mwm

v v
time time

Tip: EAEE—ANHHTEE, ERIEFEERR, SRS/, S M XHHREESXMN
12, (EEHESEERN, ARE—XTCPEREY, SMNHGA—IRTTXXHRIXRME; b, 558&E
BEZIFIKENRESLN, HESERE, RPREEIRTT+HKIXAE

e RTT: NERimAE—MR/\UEERZIRS S5 REIFTE HRIRE]
* NBRZATE]

1. &#S. EBSITCPIERS: 14RTT

2. RIEHTTPIEKEREIHTTPIIAE BRI LN FREX: 1RTT
3. MRS R AT RIS/ XIS & HA ()

4, FRRYE: 2RTT+3{4-A&5ER 8

2.3.2.2 HTTPEEER
HTTPIMYERMEER

o BEKRHR
o IIAGHR

1. HTTPiEREE

e ASCll: AE#ZEANE
HTTPIERIRIAEZL


af://n301

i | request
I line
@
* header
. lines

cr| If
cr| If

Entity Body

IBRIEXEA LEEMALE?

e POSTAH%E

o MIEHEFEERESHE
o EIEKHEEHIEEA (Entity Body) i HEEFIRAEA

* URLTTi%

o {FMAGET/SX
Frequest{THIURLFER &

o (EERAH) BAGEEE

Bt rhagr ik
e HTTP/1.0
o GET
o POST
o HEAD
v EServer REEFTERANISKMANIRELERS (WXA)

e HTTP/1.1
o GET, POST, HEAD

o PUT
v GHBARIN Y EERIURLFBIEERIERER

o DELETE
» MIBRURLFERFRISEATSIIF
2. HTTPIRRGER
o ASCIl: ABE#EANE



I =t

CRLF [EIFE#fT
HTTPIRRR &L

REIT hR & ||1AZSH3| | 8 18 |CRLF
BHaPFER®E ||| {H |CRLF

BakT

BHEBFERR || | (H |CRLF
CRLF

LEEE
(BERMNRXAR)

o RERLFIRE TR
2.3.3 Cookie
RAHTTPRFIKEERE, oILAFERCookieskiBIFIF B, #HiTsessionfRER, CookiefiBTF R A

Rim
Cookief94E{4

o HTTPIIRLERRICookieskEBIT

e HTTPIEXKERERICookieskEBIT

o (REEEEFimEHN EAYCookiesZi, BN
o WebfRSZiRINEEEURERE

Cookie[RIH
client server
Eooicnle server %,
usual http response + creates ID %45‘9 ‘569
ebay: 8734 Set-cookie: 1678 | 1678 for user Y“é%
Cookie file a

cookie-
specific
usual http response msg action

amazon: 1678
ebay: 8734

one week later:

%
%
€,
R

1

Cookie file cookie-
amazon: 1678 SpBCﬁ'ﬁC
ebay: 8734 usual http response msg action

CookieB9{/ER

* BHIAIE
o ¥


af://n369

o HHfF

e Web E-Mail...
Cookie#f3k 7 ISFAIIRR
2.3.4 WebZEF/VIBIRSZ A
Ihee:

HEARRIEARSSERAVRTIR MR EE P IRAIHTTPIER
ZEBWebEfFRIRE?

o FRIEEFERIINERATIE
o IR/DHIM/RARITRE
o EFXSEEIA(Internet) SLMBEBAB D &

WebZ&F/{CIRARSS 2R
* AFPRENSRBEEFHTWebiEA
o NSERREF/MERSSRAEMERIHTTPIER
o WMEFMBRAIREERTT, EFRERIR

o BN, EFRFSHF/AFIARSBI|/AEHTIPIER, FKENR, ARRELEFRHRFIZIR

 BEEFMRIE G, BRIRSE

o —ARAISPIRIR

FHMEGETHE- B L EFIRSHB PRI SiminiR S s A R A AR

e Hbr:
» WMIRERGEHBHMRA, WAFERKIEE
RIT %
‘:’%‘Eﬁ:
» EHTTPIE R B 7= B BT i A R A 1 H
1H
s |f-modified-since: <date>
o R 5575
o WRGEAEWI A BET ), T 529 B
ENEREPOE
= HTTP/1.0 304 Not Modified
2.4 EmailzZFH
Email Rz FEY13 R ZE

o HRHEFim
o 3E. BEmailiBR
o 5iR5esRE, W. KEmailiER
o Web ZFig

o HBHARSSER

cache

server

not

HTTP response
] HTTP/1.0
304 Not Modified

— modified

object
___modified

HTTP response
<+  HTTP/1.0 200 OK

<data>

o AB—NMARPSE—IMMRE: FERIARXEZAFAIEMAaIl

o RULHBRAF: FHEFEFRIEAIEMAI
o SMTPHMY

o HMHIRSSER < ENEEIHB R ERRIINY


af://n395
af://n423
af://n424

o EFim: KRIEHERIKRSES
o IRSS=Rin: EUGHERIIRSSER

SMTP{#HY RFC:2821

o (HFETCPIMMGHITEMailiBERI T SEEH
o FEAMERE
o im[]25
o (EENTIERN=MER
o EF
o HEREE
o XA
o X S/MIMNAZEER,
o #pd: ASCIMA
o MRL: KEHKIBFNED
o EmailiEERBEE A 7IASCIIEE
o SMTPARSSESFIFICRLF.CRLF ([E%FHT) HREHBHER
SMTP3ZESEHI
S: 220 hamburger.edu

C: HELO crepes.fr
S: 250 Hello crepes.fr, pleased to meet you
C: MAIL FROM: <alice@crepes. fr>
S: 250 alice@crepes.fr... Sender ok
C: RCPT TO: <bob(@hamburger.edu>
S: 250 bob@hamburger.edu ... Recipient ok
C: DATA
S: 354 Enter mail, end with "." on a line by itself
C: Do you like ketchup?
C: How about pickles?
C: .
S: 250 Message accepted for delivery
C: QUIT
S: 221 hamburger.edu closing connection
SMTPSHTTPYIEL
HTTP: #
SMTP: $if

B JEBER </ MM EE

A STMRSARBERZASCIIRD

HTTP: B NSERHREMRIIAIBALHE
SMTP: ZNURIERZS M EDEMRATERFAIE


af://n451

Emaili 24830

%+ SMTP: emailiH B K& 4u/38 e il
+RFC 822: Y AJH B britE

* K347 (header)

* To =
* From 5 SMTPﬁf/Q"\Z:ﬁ
* Subject

H¥
e
i

body

= 3§ & 4R (body)
WK
o RAEAASCIFH

EJ9REEEIEASCIIZFRF, BIRFC 2045,20565 | N7 MIMESIRIRHRAT =
o EBISTEERESLERIE NN T LR BAMIMERY R A 22

From: alice@crepes.fr
MIMERA To: bob@hamburger.edu
) - \ Subject: Picture of yummy crepe.
ﬁ%gﬁﬁ—%ﬁ% \"MIME—Version: 1.0
Content-Transfer-Encoding: base64
LB, H/
3 Ry k] —t= |-

TRED L SHTY base64 encoded data

»Content-Type: image/jpeg
g / ...... base64 encoded data
IS 5 I EE —

ooooo

BRI HIEEY
INBRS5 SEFRERME

1. POP : Post Office Protocol [RFC 1939]

o JANIE/EIN (BFinelRSES) FITE
2. IMAP : Internet Mail Access Protocol [RFC 1730]
o BEZIhaE
o BENEZ
o BEMIRY\IRSSES LIFERIER
3. HTTPHMY: 163, QQmailZs

POP3i{i#1HY


af://n487
af://n494
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: <message 1 contents>

Retr : 45 3KTUHE L
Dele: 1A E
Quit

dele 2
quit
+OK POP3 server signing off

i S: +0OK POP3 server ready
’:’ iJ\’I,IEﬂ%% C: user bob
S: +0OK
S Pyl AL A e
" @'}i“yﬁﬁﬂﬂ‘lﬂ C: pass hungry
« User: FHﬂfﬁf"’/I{l S: 40K user successfully logged on
« Pass: T i &: st
1 o S: 1 498
= 55 2 e B « 2 O4%
+ +0K S: . b
« —ERR C: retr 1
S: <message 1 contents>
& AN
» HEHr B Tt IO
C: dele 1
= List : ﬁl ﬁ(ﬁ:u\ﬁ@ C: retr 2
S
S:
84
C:
S:

o TEFMIMED

o FIFRNSRIR T Bk,
o TEFARHMRI

o AEZFiHE I REIEEATHER
o POP3ETIRESHIIMNY
IMAP}1HY

* FTEHERE—RFE— TS RS
o RIFAFFAXMHRALER
* IMAPSHERIERIAFIRE

o MHEHIEF
o M{HR5IDZAIMETE

FoRE R

2.4 DNSF_“Zm
e Internet FH1/EREEEAVIRBBIER
o IPHhiit
o &

R F0IPHEAE 2 [BIBRET? — IR FRTRFEDNS
o ZREMRRSEMIBAID ThUETER:
o NMAEMN: FeREFAIRENT

o Internet #)3IHEE, FEBNFEEMMYSCIR

o RENFEL
DNSEESS

o IE M PHENEAVERE

o EHBIFZ

o WPHARSSERBIS

o TREUYET WebfRSSEE (HBHTEIFER, RAUS NG, RIRRARS)

I AFFKBERIIDNS?


af://n528
af://n541
af://n561

1. BRRSRHaRE
2. REAR

3. IR

4. HEPIRIRT

AHRBERNEUERE
Root DE Servers
com Dnsﬂ;(orgDNS servers edu DNS servers
pbsérg poly.edu umass.edu

yahoo.com amazon.com
DNS servers DNS servers

DNS servers DNS serversDNS servers

< P i A E A www.amazon.comf¥]IP
= FPER AR AR A, TR B comisi A g AT i 55 4
= % A il comiE 7 gt R 45 4%, #k Fllamazon.comis 4 i T ik 5% 4
= 7% A iflamazon.comIR 7 i IR 55 4, Bk www.amazon.com 1] IPHiLhE

1. DNSHRIZ = RS 2%
o AR ZIRFETEFITIHZRT, HEMRINE RS
v IRIBEIRSEEANRATEIRST, HaM R = RS 2E
" SRISHRSY
» (A AR5 2SR EIRRET
2. DNSTRE I ZBRSS 25
o fags.com, org, edu, netFIRMFIHZHERIMIIHZMcn, uk, frE
3. NS IR SSE.
o {HAMINZ IR, IRIMBR IR ENMEITIRS

n BRGRERYER
v IRSRAEREER
4. RIS RENTIRSS =5

o FFEETRRIFER
o BNISPE— M ANEIRS RS

n BB ETIRS RS
o HFHHITONSIRSEIRR, ERMWARRIAMIRZ RS

 RHNVARSERMEANE, BEREAS (BRI SE8BTRSES

DNSEif

1. 5KEH


af://n581
af://n626

< Cis.poly.eduft] A AH 515
gaia.cs.umass.eduf{jIPHi it

“IENE W
. WAWIRS 2R EE L RHTR
SEHOLF
s CHTNRIRANE S, B
7 L i i AR 5 B

2. 1BAEE

root DNS server

2
/ TLD DNS server
4 ﬂ

t
local DNS serve
dns.poly.edu

authoritative DNS server
— dns.cs.umass.edu

requesting host

cis.poly.edu

gaia.cs.umass._ edu

% 3% AT
- KRS RITE S
BOAR % 25

LG TR A

root DNS server

TLD DNS server

dns.poly.edu

t
local DNS server 5‘

authoritative DNS server
= dns.cs.umass.edu

requesting host

cis.pely.edu

gaia.es.umass.edu

DNSEFFIEH

REFA IR ZIAEIES-IPIRET, BUEFIXRET

o —REYENEfE, EEFERM (W)

o MR EIRS R —IRESEFINREZIRS[ARES, BIREZRSHAZERAIE

DNSigH

< FIRIE R (RR, resource
records)

RR for'mﬂf: (name, value, type, ttl)

+Type=CNAME

“» Type=A
= Name: EHLi54
= Value: IPHbHE

< Type=NS
= Name: i (edu.cn)

= Value: ZIAUBE A T IR S5
RN A

DNSHY

= Name: F—FRSKi 4 1514

« www.ibm.com —
servereast.backup2.ibom.com

= Value: B 5L+
< Type=MX
= Value -5 named X} 57 i i {4

&k


af://n634
af://n641

<» DNSHri¥:
o ﬁﬁ(q uery)‘ﬂ] [=] E(rep|y3‘/‘ﬁ ‘E‘) identification fiags _T_
i ;‘/ﬁ a *% Et *H IE] number of questions | number of answer RRs 12 bytes

’:’ ?‘ﬁ J%\ % "E['EB . number of authority RRs [ number of additional RRs _L

= Identification: 16{ & %5, [Hl & 15 FAH
[ ) 9 =
= flags
. TifEEE
- S
. EIEE
« BUBIRIE
BT E?
BT ARNIRIEIE Y — 2 7] “Network Utopia”
& TEI 4 & BEALM) (WnNetwork Solutions)id: i 4 networkutopia.com
m [ 3842 R ML $R LR B B BRI A AT AR 55 45 19 48 - AT IP M b
= I 44 B BRALA R com TR 44 Mt Al 55 2% TR Al A PR 2R 10 3%

(networkutopia.com, dnsl.networkutopia.com, NS)
(dnsl.networkutopia.com, 212.212.212.1, A)

& FERUBRIB A ST IR 55 28 1 ywww . networkuptopia.com it A\ Type AiC 3%
, JInetworkutopia.comfIAType MXit 3k

2.5 P2P[iFH

[E]/Bs:

P2Pi&BIRS S
FERAG AEEEES
TRMEEInternet
TR A BRI PHBiE

2.5.1 {493 %&: C/Svs P2P
LA : N— AR E R RINAN T f 4 R — A SO R B 2 K ] 2

ug: IR%78 L AETr T
U T R A

oz R T 3 5
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af://n658

C/s:
o RBBHEERITRIEEIE
o FFE: nF/u,
o EFNEEF/dMETE
BERBEWEEAD, ), = max {nF/u,, F/min{d;}}
P2P:

o RBEBOMRE—EIR
o BJE): F/u,
EFNEERF /d;BHE T
o RHFETENFLR:
RIRATRER LGRS us + D u;
PEREBENRBERI,2, = maz {F/us, F/min{d;},nF/(us + > u;)}

[2.5.2 P2PRr REASIF2H7T]

2.5.3 P2PF: FESIIEAR

* P2PRHEMRS|: FEEETRAUE (IPHbIL+ROS) AIBRGT
o NHFHZE (FFEIR)

v RIS ISR AT EN SR E
" TRBESIFRS I CREmENG
 TRERRS, ANMSANRERSHRL S

o RIRFIHR (20QQ)
" REIRERAFEREIENE
» ZFAFFRIMNAR, FERENRSICRIVE
» TRUGERZRS|, HERFRIIPibE

LG eSS

o &HHERS| - REMIXHHEMRES TN, (ENEEMERESPR
" EEPR
1. TROONRY, BAPRIRSERERIIPHELL,. AE

2. BFEEHXHR, BFRIRFZFERRS|, PRRS[REZHFEE
3. BFPSEEZAEREREE, FTHEESPRIRSS

TR

= BRI
n PEREARIN
" hRAENRR

o HizHEIH
v STEEDTHIUAIZRY
" BMURNEHERNXHHTRS, BERYEHENHHTERSI
" BEMNE
» TRXSYEBRTCPER, WE—MR
" FTERY SN R P A

w0 ERSERS, TR—ARMBEESTI0D
" EEPR


af://n660
af://n670
af://n685

1. TREETERBEEARITCPIERRIX
2. TREEIEREEE, #ERREEEETRERXIEIER
3. mREWET, WFHBARABEAREITAR

o RIRIEEME

@ ordinary peer

. group-leader peer

neighering relationships
in overlay network

» NTFEPARSFLZAERZENGE
" BMTREAR—MBRATR, BARSRE—NBERTR

" TR T R B TCPIESR
v FUSERRT RXZ BEFTCPERR
" BEATRARREREFORIIAS



A TARITENMNEMOOCHR

3. (RH6E
FERT
. BRECHRRSEABOAERS
o SIS
o FATHIBEHH
o FREHINA

o IHEEIHINE
o EiRInternetfEREMY

o UDP: TiEEERIRS
o TCP: EHMEZEAERIRS
o TCPiHZ=ITH|

3.1 (&HRIERSS
3.1.1 {ERRIRSHIHNIY

o (EREMMEITEARRHost EAGHIZIRM T —FhiZBEiE (S
o IRRFETERENY
o KX} BNRERZATERDK—TEZ M segment, HRTMELMEE

o T BiESIsegmentBEREE, F LN AR
o (EHMETILAN EERMSFMNY

o TCP, UDP

3.1.2 {EHE vs RIEE

o WEE: RHENZEZEEE
o (EHE: RUtNAHEZBNZEEE
o NFMEEZ L
o (KT ML ERIIRS
o WMEERSHIT (FIRERY) 1858
e Internet{EimEMY

o AIEE. HERMIIRSS (TCP)
LR E-S k]

" e
" EREN
o AAIEERYR(IARSS (UDP)
» EFRAMANNER, REM (TRE5ER) TR

3.2 SIS HA
. BABHTERHE?
o WBEEOIINESS RIS NI, NBEEASE



af://n638
af://n2
af://n24
af://n25
af://n41
af://n71

4

EW i T Z :
e AR Sk A5 SR Wi
Segment3Z4; IE i) Socket,
B[R] R A2

_ RRmPH T EEN:

MZASocketiZ SCHUE, R
B3 ESLERE R, ARk
Segment, 4% E

[ ] = socket Q = process

application g @ application @ g application
[ 1
transport 'ﬁ'tmspﬁ-l'- transport
network nefwork network
link link link
physical physi physical
host 1 host 2 host 3

* SRMEIE?

< FEHLFEW R IPEHE ik (datagram)
o BAKAEIRIE AR IPH AL, B A9 IPRLAL,
» FEAHARIRAE W —AMMERE 09 B (Segment

) o

s BANEMES RO SR Mo 5
< FHLUkFSegment J5, 1E%i/Z R 2 FEl 5 (message)
EIP bt Fsg 055 2, K SegmentF

] A W ) Socket
= TCP# % % 43¢

o TiEENH
| F v 15 61 22 Socket

DatagramSocket mySocketl = new
DatagramSocket (99111) ;

DatagramSocket mySocket2 = new
DatagramSocket (99222) ;

< UDPHISocketF — JuH 71k
= (HE9IPHuhE, H H D 5)

32 bits
Fa s # | AfEOS #

Hofh 5845 2.

TCP/UDP Btk

< EHFIUDPEL S
= fr A B A B B E S
= FUDPE T M4 %€ 7E 1% b H 5 7Y
Socket
< K H A RNRIPHUbE R/ SR iR O 5 )
|PHHRE B4 5 7] [F] —1~Socket



DatagramSocket serverSocket

SP: 6428

DP: 9157

DP: 6428

| 7|SP: 91677

SP {2t "k [l hhl"

SP: 6428

DP: 5775

E=.d

I
I
I
I
!
I
I
I
I
L

== =

I 1
I

server
IP: C

DP: 6428

new DatagramSocket (6428);

L=

Client
IP:B

o HMEEZRSH

< TCP1SocketH I JuH Fr iR o IR 55 45 W BERIN 327 2 TCP

= JEIPHL:E Socket
= Y 15 = F~SocketH] B C.HI MU oA bRiR
= HEIPHhE < WebfR % 25 NN F i AR H
s HEE O = Socket
< Bl A A BrA 1 9 AMEDR
SegmentF 7] 5 1& ) Socket
DO
SP: 5775
DP: 80
S-IP: B
D-IP:C
L
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
ZLEFEWeDbRSSEE
——
H i f H
SP: 5775
DP: 80
S-IP: B
D-IP:C
<
SP: 9157 SP: 9157
client | DP: 80 server bP: 80 Client
IP: A S-IP: A IP: C S-IP: B IP:B
D-IP:C D-IP:C
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3.3 ikt (EHNY-UDP

o ETFInternet IPHY

o ER/SH

o (EERRIEIRRGG
* RAOMARIRS

o UDPERRIRERR

o UDPERAIBEARZRFEIA
o FTiEE

o UDPRIRIXSFIEITS Z AIAEEREF
o HUDPERRISIEIMSI THAthER
* UDPAfIfFFE?

o ToHREIIERE (REER)
o LI TFEHPERRS
o LEBFFEHLD
o REHEES: N AR LR H AR EIFNES
o ERTREARF
o BBEX
o IRFFH
e UDPIRRIFBF
o DNS
o SNMP
o FEUDP_LERSCINRI (5 H?
o TERIFEIENNET SN
o [ FAFERIEIRIKENH
o UDPHRIZ &L

32 bits

'

UDPEIEG i |Source port #| dest port #
(BE&L#) [ length checksum

Application
data
(message)

UDP segment format

* UDPRIRH


af://n93

BH: MAUDPEEMSR T REKEMHR (AR

= KB HI A AN 16-bit B R

- REAE. FHEAA R
, EALINFERE)JETE, KA R

% o]
= THEATEEI BRI R

= HEEREMN 7 BT
© A% AR HER

HIRAR R, BRI - H%: BAERMHER (ETRE

- RIS #w
SR
. R A AR L A i
VN
110011001100110
1010101010101 01

wraparound (1)1 011101110111011

sum
checksum

1011
0100

3.4 Al SRS MR FIRIE

o HARA]E?
o A&, AE. FEL

o TIEEEUEEEIINY
o WNAEE. FhE. HIREERER, BMLETOP-10/a
o (FEMATSEIFMRE T ISR EENY (Rdt) NEZM

101110111100
010001000011

=
O
=
O Q0
L5 m receiver I
% = rocess process
O 1
B dt d .
— % Jreliable chcmlmal)j 2 el dald|deliver data()
8 O reliable data
@D > transfer protocol
% = (receiving side)
— udt_send(}:t | packet | | packet| rdt_rev()
T—-(}unreliqble chc:nnel)J

(a) provided service (b) service implementation

o TIEEIRERMYEREY: #EO
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rdt send () : % ERBHEHE, ¥ deliver_dafa () : ;ﬁpdﬁﬁ
BUER Brdtbl BEL W )i FFUJ:%EFEEE? V6

deliver data()
By

\ rdt_ send()
ﬁiﬁj‘f reliable data

fransfer profocol transfer protocol
(sending side) (receiving side)

udt_send ()] [eeckel]  [packef] Irdt rev ()

T—b[)unrelicable channel )J

reliable data

udt send(): Hrdtif B, A rdt _rcv(): RO BRI E
CIE ACp ARGt g e 1 4% R

3.4.1 RAtiHYAYR R
o WRE LT R SRR A Ha L) A T AW
o W25 R B m) HdE AR
= {HFEHIE B XA
< F|FPIRZSHL(Finite State Machine, FSM)ZI i 4% 4 #p i

event causing state transition
actions taken on state transition

.--'-".-...—--—-__ __-—-‘-‘-‘-'*
event @
actions

state: when in this
“state” next state

uniquely determined
by next event

RERESRRPATS

FARNEZ B R

Ttk LRSS E RS

TS T ARSI TSR AT I PR 75

BIRRSEINRUERTIREN, FAE— RSB IEBOUER, FAIEHI—F
HRIFI AR AT

3.4.1.1 Rdt1.0: AJSE(SiE EAYRISEENIR(E
o EEGFETEE
o AREKREEIR(bit error)

o FAEAHE
o RIEFTHETSHFSMIRST
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rdt_send(data) rdt_rcv(packet)

extract (packet,data)

packet = make_pkt(data) deliver_data(data)

udt_send(packet)

sender receiver

3.4.1.2 Rdt2.0: FEHEAHERAYSE

[REEER Rl 5 B PRIL(bit)
o FFARIGFIMIASERR
AT NEIRFIRE?
o FHAHIACK): W BRIERMKRES D ECIERMES
o NAK: #EU5BEMRES SHEER
o KIXEHWZEINAK, EEHA
ETFXFEEHHIAIRAtIIHNYFR IARQ(AUtomatic Repeat Request)iii

Rdt2.05 | NAIFRHLH!
o ZEiEHe
o EWHRIEEHIER: ACK/NAK
o Hf&

Rdt2.0: FSMRZY

rdt_send(data)

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

rdt_rcv(rcvpkt) &&

§ isNAK(rcvpkt
Wait for (rovpkt) rdt_rcv(rcvpkt) &&
call from udt_send(sndpkt) corrupt(rcvpkt)
above —_—
udt_send(NAK)
rdt_rcv(revpkt) && isACK(revpkt) * ANait
~ ait for

call from

sender below

rdt_rcv(rcvpkt) &&
notcorrupt(rcvpkt)
— M\ extract(rcvpkt,data)
{g %ﬁﬂb{ deliver_data(data)
udt_send(ACK)

Rdt2.0: FiEiRig=
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rdt_send(data)
snkpkt = make_pkt(data, checksum)

rdt_rcv(rcvpkt) &&
isSNAK(rcvpkt)

Wait for
call from
above

- rdt_rcv(rcvpkt) &&
udt_send(sndpkt) corrupt(rcvpkt)

udt_send(NAK)

rdt_rcv(rcvpkt) && isACK(rcvpkt)
A

Wait for
call from
below

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

deliver_data(data)
udt_send(ACK)

Rdt2.0: Bifiztn=

rdt_send(data)
snkpkt = make_pkt(data, checksum)
d

dt rcv(rcvpkt) &&

isNARTrevpkil__\|
—_— rdt_rcv(rcvpkt) &&
corrupt(rcvpkt)

udt send(NAK)

rdt_rcv(revpkt) && isACK(rcvpkt)

——————

AN

rdt_rcv(revpkt) &&
notcorrupt(rcvpkt)
extract(rcvpkt,data)
deliver_data(data)
udt_send(ACK)

3.4.1.3 Rdt2.1#12.2 ({33RAE-F)
Rdt 2.055 (T ERpE?
o REEEACK/NAKEE KRB RESRIRIRIER
BRHR?
o JACK/NAKIEANRIERH], 1GFEFHUE
o RIEFTTWEIEIAACK/NAKES A RLERBTT RE T4, RIIEIMUEHEE

o WMRACK/NAKINE, KIXFSEE (BEEBYIIIX)
o AEEEREE: FEHHESRR
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= ANfAIRRIR?

» IS RIEGEETHERINFIIS
» BWSEREESA

Rdt2.1 Ri¥¥F

rdt_send(data)

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

rdt_rcv(rcvpkt) &&

R ( corrupt(rcvpkt) ||
\"':“;E“:';'ffm isSNAK(rcvpkt) )
ca ro
above udt_send(sndpkt)
rdt_rcv(rcvpkt)
&& notcorrupt(rcvpkt) Eé_m\:(mvpk? .
&& isACK(rcvpkt) notcorrupt(revpkt)
&& isACK(rcvpkt)
A —_—

rdt_rcv(revpkt) &&
( corrupt(rcvpkt) ||
isSNAK(rcvpkt) ) rdt_send(data)

udt_send(sndpkt) ﬁr&?psk;:dggziigkt{t data, checksum)

Rdt2.1 {2415

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

extract(rcvpkt,data)
deliver_data(data)

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

\
A

rdt_rcv(revpkt) && (corrupt(revpkt) \\ rdt_rcv(revpkt) && (corrupt(revpkt)

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)

A

rdt_rcv(revpkt) &&
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)

Rdt2.1 vs Rdt2.0
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 RIETT W7

O 9B 4N T 591 2 EHMW AR TR ES
O N5, Dt H, N4 O 457 AT Ab R SR AL T i 3 420
7 HREEEEINY HIFF AU
TRWACKINAKIN B R 7 s DR BRUOTARIEACKINAK
g ' i 8 B W R IE T IE Rl S
CUR A E R _

DURA B “iefE” “4i” mo4l C |

%=

Rdt 2.2: ENAKEEHY
AEE—ERABACK+NAKXFHET
Rdt2.25Rdt2.1008EHEE], (BEIRBENAKEER., REFACK, BPE2uAIstIig?

o RUTIETACKERNRE— MRIERRKAISE
* FEACKHBHEIHINAFRIASENFSIS

REFWEIEENAKCZ G, RESKEINAKGEEERAIENE
o EfESEINE

Rdt2.2 FSMEER

rdt_send(data)

sndpkt = make_pkt(0, data, checksum)
udt_sen_______d(sndpki) rdt_rev(rcvpkt) &&
( corrupt(revpkt) ||

-~
-
-

Wait for

et oK iSACK(rovpkt, 1) )
above 0 udt_send(sndpkt)

sender FSM

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

A

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

udt_send(sndpkt)

receiver FSM
fragment

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

extract(rcvpkt,data)

deliver_data(data)

sndpkt = make_pkt(ACK1, chksum)

udt_send(sndpkt)

3.4.1.4 Rdt3.0 ({3EAE-Z)
o ESEEIRREREEIR, WATREELDE, “RIGHN+FFIS+ACK+EE B
o fRARIE
o Pk REFSESE A
» YNRIGEIACK, EfE
» NRHEHACKRARBETREET
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- EEATEES, FISTEE
" BUSREACKR R SRR E
- BEEH

Rdt3.0 Zi£FSFSM

rdt_send(data) rdt_rcv(revpkt) &&
v sndpkt = make_pkt(0, data, checksum) ( corrupt(rcvpkt) ||

\ udt_se? nd(sndpkt) isACK(rcvpkt,1) )
rdt_rcv(revpkt) \ Start_timer A
A (VoaoX
V\i"lagffor timeout
call Uirom udt_send(sndpkt)
above .
start_timer

rdt_rev(revpkt)
&& notcorrupt(rcvpkt)
&& isACK(rcvpkt, 1)

stop_timer

rdt_rev(rcvpkt)
&& notcorrupt(revpkt)
&& isACK(rcvpkt,0)

stop_timer

Wait for
call 1 from
above

timeout
udt_send(sndpkt) C:

staﬁ_timer (J

rdt_rev(rcvpkt)

A

rdt_rev(rcvpkt) && rdt_send(data)

( corrupt(rcvpkt) || sndpkt = make_pkt(1, data, checksum)

iSACK(rcvpkt,0) ) udt_send(sndpkt)

start_timer
A
Rdt3.0 7%{5l
sender receiver

sender receiver okt

send pki0 Pk 0 send pki0 \O’ rcv pki0
T send ACKO ACK send ACKO
rev ACKO AcK rcv ACKO -
send pkt1 Kt send Pkt \%A(
\K (loss)
rcv pkt]
ACK send ACK1
rcvACK ) t
send pkiQ kt imeou
g §ACKO v piil
sen ACK send ACK]
rcvACK] y
send pki0 1

a) operation with no loss rev pki0
908 *ﬂe/ send ACKO

(b) lost packet
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sender receiver sender receiver

send pki0 % rcv pki0 send pki0 \%’ rev pki0
ACK send ACKO ACK send ACKO

rev ACKO rcv ACKO
send pkt1 \%‘ " send pkt] e
cV P IcvV p
ACK send ACK1 send ACK]
(loss) )(A"J'/
fimeout
fimeout pkt resend pkt]
oo oK \*rcv pkt1 rcyv pkt
ACK (detect duplicate) revACK] (detect duplicate)
- send ACK] send pkt0 send ACK
kt rcv pkio
el send ACKO
ACK rcv pktO ACK 0
send ACKO
(c) lost ACK (d) premature timeout

Rd3.0 1EBESHF
< Rdt 3.0Ae % IE#f T1E, (HEREIRZE
< onfl: 1GbpsHERs, 15msif 2L fF iR, 1KBAH4

T - L (packet length inbits) _ 8kb/pkt
transmit = R (transmission rate, bps) 10° b/sec

= RIETTRIE: RIETT RIERF 8] 1 70 b

= 8 microsec

___L/R 008
sender RTT+L/R "~ 30.008

» /E1Gbpsikift FR30=Z A K ik —~r4=>33KB/sec
= LML PR I TR BRI

= 0.00027

sender receiver

first packet bit transmitted, t = 0 —ju -~
last packet bit transmitted, t=L/R

first packet bit arrives

RTT —last packet bit arrives, send ACK

ACK arrives, send next,
packet,t=RTT+L/R |

L/R = .008 = 0.00027

sender RTT+L /R 30008

3.5 BEEONNY
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3.5.1 ikt El SiEanE Oy

sender receiver

first packet bit transmitted, t=0
last bit transmitted, t=L/R

first packet bit arrives
last packet bit arrives, send ACK

ACK arrives, send next
packet, t=RTT + L/ R_

Increase utilization
jby a factor of 3!

3*L/R  .024

= 0.0008

S‘E.nde.r‘_ RTT"' L/ R - 30.008
XAMkERE, SEPRE—KEWL, BERRETIME
iKY
R RIEFTEWEIACKZ B RIE SN

o FEANFSISEE
* REGIENSREEERIFETRIAEFSE

data packet—s 7
-

data packets—» ‘

+— ACK packets

(a) a stop-and-wait protocol in operation {b} a pipelined protocol in operation
BEEONNRY
serycd t:c:rse n exfseqn L

IIIIIIHUHH \HHHIIIIIII][IHI]I]I][I

4+  _ window size — 4+
~

BEIEOMY: Sliding-window protocol

e &M

o RFERNFYIEEE
o BAORTAN: REENNEFRATERS
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o BEIEO:

o MEEMNXANETT, BOERFISTENEELE
o BEIEONMY

o GBN. SR

3.5.2 GBNHHY (Go-Back-N)
GBN-&iX7

“ o AL B k-bit P 51 S
@B LRGIAN, w2 RN HAR T A

send_base  nexfsegnum already T
l v ack’ed yet sent
TIIE L CREARD 000000 | septangtaa ) morencme
£ window size —*4

2 ACK(n): BB 81 En( An)fty 45 4L Lk T i
= el B EEACK
< R VB TR 2% (timer)
~:~$§H¢Timeout(n)$#: HALFY S KT Tn, ERIEBACKIEIPTA 44

GBN-&ZiXHIREFSM

rdt_send(data)

if (nextseqgnum < base+N) {
sndpkt[nextsegnum] = make pkt{nextsegnum,data,chksum)
udt_send(sndpkt[nextsegnum])
if (base == nextseqnum)
start_timer
nextsegnum-++
}
A else
: refuse_data(data)

.
B
*x

base=1
nextseqnum=1 ,
timeout

ey start_timer
udt_send(sndpkt[base])
C‘ O udt_send(sndpkt[base+1])

rdt_rev(revpkt)

&& corrupt(revpkt) e
udt send(sndpkt[nextseqnum-1])

rdt_rcv(rcvpkt) &&
notcorrupt(revpkt)

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

start timer
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GBN-IEZUL S HaREFSM

default
udt_send(sndpkt) rdt_rev(revpkt)
- C ? && notcurrupt(rcvpkt)

A T~ && hassegnum(rcvpkt,expectedsegnum)
expectedseqnum=1 Oextract( rcvpkt,data)
sndpkt = deliver_data(data)

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

expectedseqnum++

< ACKHLH: KIZEME mEFIIZH . CHEIEFRIZEWIRI 7 4 IACK
= A=/ EEACK
« HFEZILEME—)expectedsegnum
< B RNIE 434
» HEEZFDIEWITRA AT
%0 VNG R TIRES > NG UNIE 135 E2Ibe:

GBN-7R={l
sender receiver
send pki0
rcv pkio
send pkt1 send ACKO
> sendpki2 —__ (loss o ACK
send pkt3
(waif) rcv pkt3, discard
/ send ACKI
rcv ACKO
send pki4
rcv pki4, discard
Sr;:r‘:r ﬁéﬁ% \ seng ACK]
ko, di d
—okt2 timeout send AGK1

send pki2 x‘{

send pktS \ rcv pkt2, deliver

send pkt4 send ACK& .

send pkid rcv pkt3, deliver
\ send ACK3

3.5.3 SRIHY (Selective Repeatl#}i¥)
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GBNRJERPE
BEMSELRESE, ANETVEN, RSBNEFHIRSESHE,
SRifY

o BTSN EIRHTHIA

o REZFINH, EFIFAENSA
o KX REEILRIEIACKISEH

o NENDHEIRETEHTE
o RIEHEMO
o NMNEEHFFIS
o [R#EIEAREEFRMANSE

3.5.3.1 SRRIXF. BILH

&\
sendl_ base nexfseqnum already
ack’ed
HHIIJIIHIIIII
yet ack'ed
window size —2
N

(a) sender view of sequence numbers

out of order
(buffered) but

dlready ack’ed

BAESE

usable, not
yet sent

I] not usable

acceptable
(within window)

I]I]I]HHHHUUIIIIIIIIIIIIIIﬂﬂﬂ Pxpecietaet [ et
yet received
t _ window size—4
) N
rcv_base
(b) receiver view of sequence numbers
—sender — receiver
data from above : PKT N in [revbase, revbasesN-1]
< if next available seq # in 3 send ACK(n)
window, send pkt O out-of-order: buffer
timeout(n): A in-order: deliver (also
< resend pkt n, restart timer deliver buffered, in-order

AC K(n) in [sendbase,sendbase+N]:
<+ mark pkt n as received

< if n smallest unACKed pkt,

advance window base to 0 ACK(n)

O ignore

next unACKed seq # otherwise:

pkts), advance window to
next not-yet-received pkt

ka N in [revbase-N revbase-1]
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3.5.3.2 SR%A

pktl sent

0123456783 -ﬁ__‘____\__-"pktﬂ revd, delivered. ACKD sent
o[t 234]56 783

pktl revd, delivered, ACKL sent

pktl =ent
012 34586 7829

pkt? =ent 01|2 2 4 5|6 7 89
—|o123la56 789 WX

(loss)
pkt3 sent, window full

[0123/456 7839

pkt3d rocwd, buffered, ACKI sent

01[2345]6 7839

ACKD rowd, pktd s=nt

Dm5 67839 pktd rcwd. buffered. ACEK4 =ent

01[2 34567839

ACKl rowd, pktS ==nt

01 6 7 89
pktS rowd, buffered. ACKS sent
01|2 2 4 5|6 7 89
—— pkt2 TIMEQOUT, pkt2 resent
01[2345]6 709

pkt2 rovd, pkt2 pkt3 pktd, pkths
deliversed. ACKZ ==nt

012345k 7839

ACKY rcvd, nothing sent

o1[2345]e 783

3.5.3.3 SR AIEIR
E R
F5150,1,2,3
BHART A3
B, BUSTIES P TR
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sender window

(after receipt )

0121301
kt2
0123&12‘3

ktO

timeout

retransmit pktgkm

receiver window

gafter receigtt

123012

(a)

sender window

(after receipt )

- receive packet
with seq number O

receiver window

(after receipt)

FISZ=RAANSEORIEEHRRMHLXER?
Ng+ N < 2%

3.6 EIMEERIEEN-TCP

3.6.1 TCPHEiA

o NI

o —NNKES, — MRS
o IEH. BFHNFER
o TRKEANE

o TCPEZEHINHEIREZFNEIRERD
° RIXTIEZTSERF

socket
door

o &WT

o FE—EETREERMNAEIER
o MEFER

receive packet
with seq number 0

sockat

° door
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o BENSEREEIRZ IR IER

o EEINSRIEERIIMmIRFLER, EaRERIER

o TCPEZERE: MaTNMLRER. ERNEEE. socketF
o mEEHIALE

3.6.2 TCPERZENS

—  32bits

URG: urgent data
(generally not used)™_ source port # | dest port #

ACK: ACK # \ sequence number
Vﬂlidh\-ﬂ-‘i\'ﬂ@wledgemenf number

PSH: push data now head %UE’P RISIF| Receive window

(generally not used)—| }hﬂ%m Urg data pnter

y

RST, SYN, FIN:— Optiefis (variable length)
connection estab

(setup, teardown /
commands) application

In‘rer‘ne‘r/ data
(variable length)

checksum
(as in UDP)

counting

by bytes

of data

(not segments!)

[

# bytes
rcvr willing
to accept

FFHISFIACK

@ Host A Host B @

User

Seq=4
=42
-I-\‘rpes ’ACK::?Q, ﬂ‘ar
lcr qd = C

host ACKs
receipt Seq=43
of echoed ' ACK=gy
'C \
time time

fi] i telnet l

s FHIS
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o FHISiERIRsegmentFhE—NFETLAIRS, MAREsegmentliwS
o FEITCPEERS, WHMBHIEERYIS
o ACKs

o HEWENT—IMFEHIFIIS
o RItHA: ZFFISZRINMEFHIYCHRIERES
o RUTTUIERIZFREIARISegment?

o TCPHLERARBFMENIE, HTCPRYSLHIEMHIRSR

3.6.3 TCPR]SEEUE(E
5%

o TCPTEIPERIRMHAIA AT SRS EA E ST e BRE MRS
o MK E+ RIFA+ R —E(EERI RS
o MRAEEHSEM

o iERY
o IEIESACK

o Al
o EHARFFEEACK
o EARBEBRERH
o EARESHEEH

RTTFEERT

o WYIREERTIRRAIEERIAIIE)?

o KFRTT, {BRTTEAMEMCE, ERENTRE, SERRAMENERE, FRENEK, €5
B I ERE AT E R N8
o EFEHITRTT?

o SampleRTT: MEMER R HEZMEIACKRRTE - BEEEZE
o SampleRTTE{t,

= WEZNSampleRTT, RFYE, FRRTTAIMEIHEEstimatedRTT
o EstimatedRTT = (1 — «) * EstimatedRTT + o x sampleRTT

v fEEIINFEENTY, aRVEEEYEY0.125
o EHFIRETERER?

o ERYEEITETRIINRE:
® EstimatedRTT + “&£iARH"

» EstimatedRTTZMY K —EARDR
o JMUERTTHYZL(E: SampleRTTSEstimatedRTTHIZE(E

» DevRTT = (1 — B) x DevRTT + B x |SampleRTT — Estimated RTT|

= BRYEREYE90.25
o ERTEESEERTEYEIRNRE
s TimeoutInterval = Estimated RTT + 4 * DevRTT
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TCPRIEREM

* NNAEKEIEE

ElEESegment
FHIEESegmentE— N F RS
FEiHATEs

R EBATATE: TimeOutinterval

o O O

o

o iRy

o Ef&5[EERTAISegment
o BTN
o ITHIACK

o WNEMALBIRFEIARISegment

= EFSendBase
» NRBOFIEREREFANDSE, EFRSIETEE

TCPRIEIRIZER:

NextSegNum = InitialSeqNum

SendBase = InitialSegNum

loop (forever) {
switch(event)

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

TCPE(ETMGI
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Se 1-92
“ . 8 byteg data I_
| 3
£ X: %
l loss g
v
Seq=g
2. 8 bytes data Sendbase {f_
=100 5
SendBase E
R B
o
SendBase §
- 100 SendBase 1
=120 premature timeout
time fime
lost ACK scenario
w Host A Host B @

o

=

[=]

o

E

e

_470
SendBase pC 2
=120
L 4
L L4

time
Cumulative ACK scenario

TCP ACK4ER): RFC 1122, RFC 2581
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Event at Receiver TCP Receiver action

Arrival of in-order segment with Delayed ACK. Wait up to 500ms

expected seq #. All data up to for next segment. If no next segment,

expected seq # already ACKed send ACK

Arrival of in-order segment with Immediately send single cumulative

expected seq #. One other ACK, ACKing both in-order segments

segment has ACK pending

Arrival of out-of-order segment Immediately send duplicate ACK,

higher-than-expect seq. # . indicating seq. # of next expected byte

Gap detected

Arrival of segment that Immediate send ACK, provided that

partially or completely fills gap segment startsat lower end of gap
RIEE(EHH

TCPHYSEELH, WMRAERER, BNNEEREENR &, GENEEmENG , SBERK, =
EERNDEZ SIBES SRR
o BIEFESACKIENSEES
o SenderaEEEMRIEZ DA
o MRENMNPEEK, FRERIIRSIESAIACK
o HNRsenderltFIRIE—EIRAIZMACK, MIREIZEUEZ GHIRBEES
v PURE(L: EERESEA ZRIRNHITER

RiEEIEEE

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

else {
increment count of dup ACKs received for y
if (count of dup ACKs received fory = 3) {
resend segment with sequence number y

}

\

a duplicate ACK for fast retransmit
already ACKed segment
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3.6.4 TCPi=i=H

FTT NTCPESE )

Bcbuffer

#— RevWindow —4-

data from ’ 5 application
[0 process

— Rchuffer

O b2 N Al feab 3
bufferH £ 4 1) 5

g
Z application
i process

#— RevWindow —

T
data from e
/

#7 Rchuffer
(L= TCP receiverZ 3 #iLF )
segments)
< BufferH (1) 7] A %% (7] (spare

room)

= RcvWindow

= RcvBuffer-[LastByteRcvd -
LastByteRead]

3.6.5 TCPIEIEESE

<+ TCP senderfllreceivertr L%

oA 75 B SR
S YU TCPAE &

= Seq. #

= Bufferfii &4 il 5 5
“Client: &Ll H

Socket clientSocket = new
Socket ("hostname" , "port number") ;

»Server: SRR ERE R

Socket connectionSocket =
welcomeSocket.accept() ;

flow control

RIEANARIKR S
~ KR uij;]:?%i&ﬁl&

<% 8 P UL AL AL 1)

< Receiveriifi i /£ Segment

) Sk 8 - B
ReviWindow FiJfSender
< SenderfR il H L& &k
15 FEE AR P EIACK
BHEA T BT 2N
RevWindow /U

<+ Receiveris #1Sender
RevWindow=0, & H I
AN
PRI, BRSAREENE, SRALTEEMEY,
HIsksassEilt

Three way handshake:

Step 1: client host sends TCP SYN
segment to server

= specifies initial seq #
= no data
Step 2: server host receives SYN, replies
with SYNACK segment
= gerver allocates buffers
= specifies server initial seq. #

Step 3: client receives SYNACK, replies
with ACK segment, which may
contain data
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L3 5E AV

Client host Server host

Connection
request

—— Connection
granted

ACK

Time Time
I ALEBE=ZREF?

AT B ANERB RIS REANERIRS IR, EM~EER, XMERE:

—im(clien) ARHERIE—MERBRIRIGHRBEER, MERAFEERNNRRER METRLE
REHE, SEEREIEERBIEHNENHEZ ZAS —im(server)B, AEXE—MNRERMAVURY
B, (BRBKEILLRMIRNZfE, SIRAARARRKHEA— M HREEERK, TEBiRHRAN A LS
INRY, RTREEEMLER. RARAZXEF", BPBAREBRKHARHMSIAFINERTE
7T, BRARFREARHELERNEK, EA2ERBRAEEE, BB EEc—E
EF, XEFBREARRFEARESRR. WRRA'=ZREF HNEHMASHINXFRER, BimhE—
TRPRMAIIRM R fE, RARAHIEA, WHAFRBEEREER, AMASEBRmAIEHA, X
MHERBIR B ANEIERS R B,

3 e S

Closing a connection:

m client server‘@
client closes socket: clientSocket.close () ;

close
Fin
Step 1: clientiserverZiETCP FIN % filsegment \

Step 2: server Y F|FIN, [a1ACK. K&, Ki%

pC¥
close
FIN. %
Step 3: client Y& F|FIN, [2] ZACK.
\.

o HEA“SER I RICEIFIN, £ E#H & EACK g

o

Step 4: serverlft#IACK. /. £
closed

PORIEFRILABA=IRIETF, RIARSS2EEISACKEHHEHAIEFIN
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TCPERIR. IRSSERAIAE A

—— CLOSED client application
_ initiates a TCP connection
wait 30 Sec:i:unds//’
I/ send SYMN
|
TIME_WAIT SYN_SENT
-
receive FIMN receive SYM & ACK
send ACK send ACK
FIN_WAIT_2 ESTABLISHED
K\\ client application
; N, initiates close connection
receive ACK
send nothing \\M FIN_WAIT_1 send FIN
TCP client
lifecycle
lifecycle
CLOSED server application
E— 7 creates a listen socket
send nothing /
I.Ir
f
LAST_ACK LISTEN
recaiva SYMN
send FIM send SYM & ACK
CLOSE_WAIT SYN_RCVD
L
% receive ACK
. F”:]"‘x send nothing
receive
send ACK - ESTAELISHED
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3.6.6 HZEEHIRIE

E3
FEXEN: "REREENRIET ASHIEHERIEREKRR | UETRETELE

=i

o DAERK (HHEHFEF@H)
o DHHIERTA (TERSHREFTHHN)

IEAIRKEFNLLA

mE1

“lin . original data

< W/ ~senders,

receivers B
o — /|\E% EE %%, 36 EE@% Host® output link buffers
1F
o XA EAE
crd = . ! < JHZERT JrH ZEIR
. g VAN
(<O ; < X FIHEK
: throughput
C/2 C/l2
)'in ?"in
1n52
< — g, A FRbuffers
< Sender#® {£ 441
Host A A, : original Aout
° data AN
&+~ 7 original data, plus * 4
retransmitted data
Host B finite shared output
link buffers



af://n577
af://n586
af://n587
af://n589
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o Wb BREAER: A > A
o WHC: AHUIE RTINS S W E R, lin A K

RN
O Xi4asEf "goodput”, EEHHE 2 ) TAE (E %)
O EREIRATIR 2%

1553

o /I\?):Uifj A, )Lr o IS Sy
- T Q: it A AR, SR 2
< R /E% IMTERAERIE, SETESE

Host A o 3

1, original data ™ HostD
l :.——-?.',,,:oﬂginal data, plus b
i retransmitted data | 14

finite shared output
lipk buffers

HostB

Cl24

}Lou’r

Ain

ZER 75— M
m| %gg?&dmpﬁ, (A S a7 N T Rl o . A B o
YR DY

BEEHREE
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% ity 1) iy FH ZE 2 i«
o [LREAN TR RO Ry
= Vi A4S M€ loss, delay
4 28547 4 4] T 2 75 A 22
= TCPREUXFh /7%

SEff): ATM ABRIAZEISH)

< ABR: available bit rate
o oSS
o WRRIE AR
“underloaded”
O I T 5
 GRAIETT B AR I 2E
O 35 R 3 3 e R AR R 2

I RM cells

source |] data cells

<2 [ 288 J B A A SR 2 1«
= B AR 1A R IE T I U R 5 ) 4%
FEER
= AR ZEFR R (1bit): SNA,
DECbit, TCP/IP ECN, ATM)
= FEIRRIE T NAZ AT i

“*RM(resource management)
cells
» RIEFTRIE
= L ERM cellfir (45 4 B)
= NI bit: rate 4~ iF 1 £
« Cl bit: #FESE =
= RM cell U7 iR [A1 45 /126 T

destination

Switch

T+ 11

< fERM cell A B X F(ER)FB: M1y

= JZERAZ AL AT LUK ER BN AR AIE
= RIETT R R FTRE SCRF A /N R

< Hdficellt FIEFCIAZ: 41 2E 1 28 #eH LK 58 1
= 15RM cellfi [ ff)data cellJEFCI # ¥% 1, A4 K% EIR EIFRM cellt &

CIfiz

3.6.7 TCPifZEI=Hl
HAERIE
< Sender[R il & 1%

LastByteSent-LastByteAcked
<= CongWin

rafe & CL;TQTM. Bytes/sec
<+ CongWin:

o AR LA R
WL S LR

I 8 ] S R 4 2 2

< LossZ ' =timeoutal 3N EH &
ACK

< KAElossF G, KiETT K

A An] 5 EE ) R R K IR R

< Nt —aett i AIMD

185 3): SS
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DML -SfeitEiRy AIMD

o JRER BWIRINAOEE R, EERW AT, HRIK Aloss

< J5v: AIMD

= Additive Increase: £ /1"RTT#CongWini K —4NMSS——1] Z& it 4
= Multiplicative Decrease: % “Eloss /=¥ CongWin >

24 Kbytes —

AT J9: 2R
] A

16 Kbytes —|

8 Kbytes —|

congestion window size

time

TCPIE2RREA: SS

“ TCPIE R LI,
CongWin=1
= ffil; MSS=500 byte,
RTT=200msec
= W]4fiE % =20k bps

[P T

o W] 9 AT Rt = T AR

K
o TN K

e FREMERE K
« HPRTTHECongWindill i
o B ACKHE TR AE

SRR ERG, (HAE PSS

3‘.[.

ThresholdT=

‘:‘Efﬁ:
» CUEEITIERS, fRACERE K

rSlowstart algorithm

initialize: Congwin =1
for (each segment ACKed)
Congwin++
until (loss event OR
CongWin > threshold)

mHos*r A Host Bm
W

U segments

«—RTT—

time
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QAT B I %45 H i )
WL VS (P FE 8
)?

A: 24CongWinit #|Loss ¥
FFHTE R 1728

< A% Threshold

% Loss={} KA1}, Threshold
# 1% HyLoss G} il CongWin
ERI1/2,

LOSSE{F4biE

< 3 EHEACKs:
* CongWinV]®|—F
= SRJE MK
< Timeout%f:
* CongWinBEZEB N1
MSS
= NEFREUE K
= iAFthreshold /5, FF £tk
K

TCPHIEIEH: 24

/.//—/TCP Series 1 Tahoe

TCP Series 2 Reno

T T T T T T T T T T 1
4 5 6 7 B8 9 10111213 14 15
Transrrission round

- Philosophy:

0 3 EHFACKsFE R ML
L RER 1L — L% segments
Q timeout 3K B4 ZE 5

o AZEEN(CongWin)K/IMEFIBRE(Threshold)ff, KRXFSATIEBBEIMER, AEEOIRHBURK
o MEHOXNNSFIIRER, RESLTIHSERME, BEEOEMERK

o KEXHWRI=AESACKE, [JFRMEFAEEOEHRAER—E

o REFREEHEMN, ITRERAREN—R, HEEFOEEA
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State Event TCP Sender Action Commentary
Slow Start | ACK receipt CongWin = CongWin + MSS, | Resulting in a doubling of
(SS) for previously | If (CongWin > Threshold) CongWin every RTT

unacked data set state to
“Congestion
Avoidance”
Congestion | ACK receipt CongWin = CongWin+MSS * | Additive increase,
Avoidance | for previously | (MSS/CongWin) resulting in increase of
(CA) unacked data CongWin by 1 MSS every
RTT
SSorCA Loss event Threshold = CongWin/2, Fast recovery,
detected by CongWin = Threshold, implementing
triple duplicate | Set state to “Congestion multiplicative decrease.
ACK Avoidance ” CongWin will not drop
below 1 MSS.
SSorCA Timeout Threshold = CongWin/2, Enter slow start
CongWin = 1 MSS,
Set state to “Slow Start”
SSorCA Duplicate ACK | Increment duplicate ACK CongWin and Threshold
count for segment being not changed
acked
TCPAZIZHIE X
Th="7?

CongWin =1 MSS

~

}

}

Th = CongWin/2
If (3 Dup ACKs) CongWin = Th;
If (timeout) CongWin=1;

/* slow start or exponential increase */

While (No Packet Loss and CongWin < Th) {
send CongWin TCP segments
for each ACK increase CongWin by 1

/* congestion avoidance or linear increase */
While (No Packet Loss) {
send CongWin TCP segments
for CongWin ACKs, increase CongWin by 1

3.6.8 TCPIEEER
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TCP throughput: 1=

A EPHEE O K/MHIRTT, TCPHIPFERRE/D?
= Z %1 Slow start
B KA I CongWini K/NAW, HFHERZEW/RTT
< HIF S, CongWin=W/2, % ZEW/2RTT
PR N: 0.75W/RTT
RERYTCP
»%445): £1~-Segmentf 1500 -byte, RTT,£100ms, # #HIKE
10Gbpsfi 7t 2%
= throughput = W*MSS*8/RTT, Il
. W=throughput*RTT/(MSS*8)
= throughput=10Gbps, I|W=83,333
< & 1K /N 83,333
<o 7% 5 E 4% (loss rate, L)% &
= CongWin AW/23 I ZEWIN IR — A4, B4 —3L K& 7 4 E N
W/2+(W/2+1)+(W/2+2)+....+W = 3W2/8+3W/4
= WIR K, 3W2/8>>3W/4, L = 8/(3W?)

0.75-MSS - |8 |
W= %L Throughput = \/Zzl.zz MSS

“L =210 Wowll
BRI R R E R TCP

TCPRILEHE
R i X
= WRKATCP Session 3t AR AT %R, 4 %> Session )T 1@ 3
HNR/IK
TCP connection 1
. ro u%r'::ic ‘
connection

capacity R
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TCPEAAFIEN?

2 B

equal bandwidth share

loss: decrease window by factor of 2
ongestion avoidance: additive increase
loss: decrease window by factor of 2
congestion avoidance: additive increase

Connection 2 throughput

Connection 1 throughput R

TCPRFIERYTIE
<~ FE5UDP S AT IR TCPIER
 SUERRITMEFITCP, ' SERRTFISATIT S A R
LA SR 45 31 2 4% 1| AL ] R Al 3 =2 = Webiil
= [ FHUDP: DUE & R A X, = PR T
e BT BEHEENR, CHM
= PR TTARNF B

“Wr5t: TCP friendly s Fk N B SR1ATCP, 3578

RO %
o HORRHIER11ANTCP, 115
R/2 135
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