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H] SE{LTC4H ST bk (TCP)

B fHERY UDP » {2 H2E N 7% (Transmission
Control Protocol » BITCP) 2L DL RS

o H[EERYARTS (Reliable)
o HZRAE I (Connection oriented)

o FFr4HEE MRS (byte-stream service)
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B TCP JEEIRE (sliding window )JEEEVNVEHR:
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Z%(logical connections)
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Send Buffer
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TCP #Z5H

0 16 31

Source Port Destination port
Sequence Number
Acknowledgement Number
Data U/A|P R|S|F . .

Offset R|C|S|S|Y|I Advertised Window

G|K/ H T|N|N
CheckSum Urgent Pointer

Options + Padding

Data

TCP fREH &R
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B SrcPort B DstPort Mz 53 B3R JE ik 5% (source
port)EE H #1552 (destination port)

B Acknowledgment - SequenceNumEZAdvertisedWindow

AL N TCPREIR & EE A

N RTCPRALTHE 7R - BERVEEATHE T —

{EF5% ; TSequenceNum 7 Rt EFIEE ERYEE—{E
BRI TRt

B Acknowledgment B AdvertisedWindow Wiz & F Y2
[ 75 | _EERHE YR EFEFIAE R EEH
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m SYN Ed
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FIN RSy pl S 21 B v (E TCP IR {5 A
=1 R Acknowledgment WA _ERVE R

2R {HUE TCP ZEH 4R

B - FonFERCE R E R LW
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A Wi < ] B 22

B H[RERYEEREA SYN ~ FIN ~ RESET ~ PUSH ~ URG i
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IERSERHERILE

B HESERGREEREEBNEIEE D
B —HF| UrgPtr FrisHY/

S
B PUSH j};
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B RESET JEFERNEBImEA R R R B —(E TR AR
WY E R — DR IEL AR R o [ EE AR

B mf% > Checksum i EREHAL (£ FH 7= ERTEUDPHY—1%
— 'EHHTCP Header ~ TCP data E pseudoheader (FH2K

BlmALhk ~ B ArakEd IP header®R FEAHRR) TR
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= TCP (A BRI A SR B BT

“Eig ”
B TCP LR FIRBE:
° Pt

o B, FRIAEIFE (e.g. RvWindow)
B Client: 4B EENE

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

number") ;

B Server: F4F client B

Socket connectionSocket = welcomeSocket.accept()
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TCP L-\z\\ﬁ‘z;v’:b

=[a%C & (Three-way handshake):

Step 1: Client 383X TCP SYN &iSlEz 45 server
o FEBH— BB 5T
o FEEER
Step 2: Server UZZ SYN » [A{ESYN/ACK &} EX
e server il B 4R E =5
e :HH server —BABHIF 3k
Step 3: client {21 SYN/ACK » [B[{Fu]EERTA BRIIVACK BRI EE
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Client Server
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TCP 4R ETE (JFE)

Client Server
Tk

Eﬁﬁﬁi_?ﬁ. Close ! FIN
client EfEf socket:

clientSocket.close() ; e

. W Closing

Step 1: Client 2§%£ TCP FIN 2 ¥

HIZRLES4E server Closing Ack
Step 2: Server YZZ] FIN » [E[{& ; 1 Closed

ACK - BHPFMEGE - SHXFIN - &

Closed
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TCP HGEH (BE)

Client Server

Step 3: Client B8 FIN » [8]
fH ACK - -

o ¥ A “timed wait” -& pct

FEULE] FINS 7RF[E]E W Closing
ACK
Closing

S

Step 4: Server FUYTACK
EGRBRA

Note: fif—Eo/NEEK1%
’ lIl_J Jﬁi_t_ﬁlﬁ‘”f%{%@ Closed
FINSs

\

Closed

Timed wait
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TCP B4R BT ()

Client initiates a

CLOSED TCP Connection
Wait 30

i

seconds Send SYN
)
TIME_WAIT SYN_SENT
A
Receive FIN Receive SYN/ACK
Send ACK Send ACK
v
FIN_WAIT 2 ESTABISHED

Client initiates close
Connection

Receive ACK
Send nothing | FIN WAIT 1 | Send FIN

TCP client JAREE]
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TCP B4R BT ()

i

Server creates a

Receive ACK CLOSED Listen socket

Send nothing _
Send nothing

)

LAST_ACK LISTEN
A
Receive SYN
Send FIN Send SYN/ACK
v
CLOSE_WAIT SYN_RCVD
Receive ACK

Send nothing
Receive FIN

Send ACK ~| ESTABLISHED

TCP server JRFE[E]
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m FIREREE

o R —¥ BRI/ ACK BHIE SampleRTT €
o i1H LLE/L (weighted) RTT Y15
» EStRTT = a X EstRTT + (1-a )x SampleRTT
- afHS T} 0.8 B 0.9 7 ]
o LN EstRTT 2K 5% E BilFiF[RE{E (Timeout)
» TimeOut = 2 X EstRTT

N
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Karn/Partridge JHE A

B ROt R AN FEMBEER/EE %K SampleRTT
B Z [EHYE S (variance )

m 15 SampleRTT {H 7 [EJHYE /)N
o HPFEE EstimatedRTT {H B (EEER S
o FTRARSMERFAFTEREFRU 2
B {152 SampleRTT {H 7 [HHYEFE A
o AT ESEA FEZ H Estimated RTTEHBENEE
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L

B Jacobson/Karels 32 H—{E¥rEY TCP EE3xE HE
B Difference = SampleRTT - EstimatedRTT
B EstimatedRTT = EstimatedRTT + (0 x Difference)

Jacobson/Karels &

B Deviation = Deviation + § (|Difference| - Deviation)

o HA1 3 ZATH 0 B 1 Z RIS E
B TimeOut = u X EstimatedRTT + ¢ x Deviation
o ER&ER  u=120Kk ¢=4

o it » BEEEER/) > miFE3{ERFTEstimatedRTT; E
BEAERA » G Deviation {H F E&THLER
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Timeout
Timeout

-~

Timeout

ACK Bk ACK ZEE
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Timeout
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TCP Bk E %

5 7% (Fast Retransmit)

FEERE R - B & EE—E
ZEFor 0 RIELFRE& RS

o HiIt: » E—(EIEMRFFAYE aIEHRZ R IRERF —
TCP G E T —REE X B[ E

o E{E RS e tH E] eI 5HH & EE[0E
(duplicate ACK)

Ilmll

m R
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TCP Bk E %

m R

Ilmll

5 7% (Fast Retransmit)

o EfxnE REER
FPEVETEL » WRLE eI E AR E R A ge AEE K

&’ BRI — B R UEI K

° A RFERIEAHVEIENS A e AR R B E T FE X -

REL,
o TCP & E H =1FE

0]

NILE XIS FEE G TEERRER, T HEEZE

R B
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TCP TR EE 2K EE A

Sender Receiver

ACK =2

ACK =2
ACK =2
ACK =2

ACK =6
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TCP ZEZEF 4]

B TCPEEZEFEFHININL 2 B EE X m A E H Ar4d
iﬁﬁ ZARAE  PMEREEC Y DUERMERE /D
B

B TCP 4778 & H T P gl (self-clocking) » HiELE:
7 8 ACKs ZRFHET &AL {EH ez
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TCP ZEZEF 4]

B MR NAZ DA Additive Increase
Multiplicative Decrease (AIMD)

® CongestionWindow: FZR PR il & 25 £ — (I 2 4R L [F]HF

[ HE {2

%55 /D E0H

e CongestionWindow Z JAZESZEES] » A4 Advertised
window Z 7 B %]

o REIBERHYERANETEIRAERZE CongestionWindow
Ed Advertised window By &/)ME

o {Hig#EZ (Transmission rate)

Rate =

CongestionWindow {i7 JT4H //5F)
RTT
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TCP ZEZEF 4]

B Additive Increase Multiplicative Decrease (AIMD)

o TCP NARRE (effective window)#ZIE LU T HEA:
» MaxWindow = MIN (CongestionWindow, AdvertisedWindow)

» EffectiveWindow = MaxWindow - (LastByteSent -
LastByteAcked).

o TCP X E T ARYERE A FEB AL NI RS
» GEBE (B EEZE )
» B RV AR (BT R ZEH)
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TCP ZEZEF 4]

B Additive Increase Multiplicative Decrease (AIMD)
o Y{a[;RECongestionWindow 1§ ?
e AdvertisedWindow E UL/
o HEZH NGFHE—{EHEHR CongestionWindow 45

TCPH{E 3K
o TCP {HiLIFAE CongestionWindow {H 2 E N EEI 22
PR EERRE

» B FEIEFE E W, J5i/) congestion window 1§
» B EIEEE KD, BE T congestion window {E

o B K RN IIREEORVA additive increase/
multiplicative decrease (AIMD)

Transport_Protocols - 44




TCP ZEZEF 4]

B Additive Increase Multiplicative Decrease (AIMD)
o FHXlmdIfa A E LR ZEZE » HEMAEIK congestion

window g ?
» TCP RFETRIIER (W B =EER [0E) & REZENVEHATT
» INR IR R
» FEREFEBL - FHEFEERF CongestionWindow
B

» 32 BIFE AIMD &R RYZ 80D (multiplicative
decrease) FYEL 5T
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TCP ZEZEF 4]

B Additive Increase Multiplicative Decrease (AIMD)

o HEZR CongestionWindow {H2 DAL LA ZRETER » AR

HEBENAERESGESFHEEEEED
(multiplicative decrease)RyiE

» HII: fEEk CongestionWindow B H Fijg% &y 16 {EHEH.
EREAFFEEEL » CongestionWindow {H & 5% & 8

» FFERNE B EER CongestionWindow {HEEE
4 FHIBRE 2 ERE

» CongestionWindow {H-R B[ /NABE—EHGHIRKE

LA TCP firsB2RER, Bl B etEe s K {E maximum
segment size (MSS)

Transport_Protocols - 46




TCP ZEZEF 4]

B Additive Increase Multiplicative Decrease (AIMD)

o EMER AR E (BERER), "I

CongestionWindow {H

o FEHANBINEHBEFN
CongestionWindow BNES (FrEE LE—E
RTT SRS 2R E BRI o ) {5
CongestionWindow {EfJI_E MSS {H(TH & ¥

—EmAREERE)
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TCP ZESEPEHI]

B Additive Increase Multiplicative Decrease (AIMD)

FIE—E RTT BFfE, A8 —E & 2 EimE (MSS)
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TCP ZEZEF 4]

B Additive Increase Multiplicative Decrease (AIMD)

o TCP ANZFERI—{E RTT FFTA ACK HPULEIA 7’
CongestionWindow fj[I_E. MSS 1B » E&FWE]—f ACK
BLIeIn—aBor (CW B DB R 75 3))

* B4l
» CW =5 x MSS, S U E—{fE ACK Bt 1/5 MSS
» CW = 8 x MSS,&F U EI|—1{E ACK EL5:iI 1/8 MSS
® Increment = MSS x (MSS/CongestionWindow)

® CongestionWindow += Increment
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TCP ZEZEF 4]

B Additive Increase Multiplicative Decrease (AIMD)

m EFEG R RGN

1
O::‘. @E*
S
@)
©
£
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: J—
L
; ] 1
0 —
c
o
v _\ L L | I | | |
Time
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TCP ZEZEF 4]

o 'EEQEJ (Slow Start)

B Al 2R

e AR — IR RLE

BACIRFRHIBFH]

R REAT YRS R By, SR 13T
Exfﬂﬂ’ﬂ%ﬁﬂ {EANRE LR E B FFJ‘leFm

JGRMEEIIEBREE, &

* MRRIE): 1€ BiE) (cold start) FRLGT

CongestionWind

o 1SR ENLIFE R =31 CongestionWindow/
M7 E&R T =G

ow 1B H %]

RS
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TCP ZEZEFZEH

= 1SR
e f£f] > CongestionWindow {H =1 EH{E (MSS)

o #41: MSS =500 fizJT4H, RTT = 200 msec

» FFEZEAR = 20 kbps

o EFHXImIELERIHY ACK - TCP 1%

CongestionWindow {E [l MSS > ZA1& &%
FUCE—{E ACK BLiI 1 HA (BEE

AN

XA .

)

o —HIKFHERYRIE ACKs » TCP &
CongestionWindow {Ej[1 2 (2xMSS) — &:{fE ACK f1

— (Mss) — AR H IUEEH.
A RTT BRE Rt E A R RV BE NN,

® TCP

1 MSS {H)
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TCP EZEIEE

e RED

.P—'—r

i

LR BE AT » TERCR NS

HR - HEFHEEKER
o £F RTT BFf] CongWin JJ[ifZ%

o DERUE] ACK FLXE T
CongWin HYFZER

m e EEER AR
8BS

1% R Eh A I rY:

%1g > HEETE

= ﬂﬁ%ﬂﬁ
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TCP ZEZEF 4]

n {FXm R = EEEEE (3

dup ACKs):

e CongWin J&-F — $elE

® CongWin E4RMEH &~ > 3 dup ACKs FER4TRE i
B (RN ER S A RS ﬁ;ﬁ% BER DIEZE—

° CongWin®LRIMSS; | s TR

e CongWin E5BY £ SET B ERE

o WRIEFER » BR

GIEN R
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TCP ZEZEFEHI]

m G

m E CongWin [RREESE » BXImBRR 18 RE) (slow-start)
fEE% > CongWin F2iEBIER

B E CongWin SEEFE @ FiXInEE I EZETEY]
(congestion-avoidance) [gE; » CongWin & £ 43414 &

n ERENE = EEER

7 lEREEEE A CongWin/2 »

CongWin &% BEEFE
B E AR > BEFE®L S CongWin/2 » CongWindy

=5 B 1 MSS.
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Congestion Window Size

——————————————————————————————————————————————————————————————————————————————————————————

Slow Start

______________________________________________________________________________________________________________

1234567 3839101 1;131415161718

1 1

\ 1 1
R T T NN N N TR SR A NN T N .
I N e >

| | | | | | | |
[ I [ ! f [ I [ [
1 2 34 5 6 7 89 10 11 1213 14 1516 17 18 19 20 21 22 23

Round Trip Time
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TCP {HiXmZE ZE 2R

o
3

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

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

acked
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TCPAEH &

B TCPHY Y 9&E M & (average throughout) Zy1{a] F
window size B RTT 2RI 2

o RhE IS R ENHAR]
B S W EHEEBREBLER CongWin {H
B & CongWin {H & W I » HH-E & W/RTT

® SRIEEHEELETS » CongWin (EIRE W/2 » Bk
HIISEX By W/2RTT

B 2R & 0.75 W/RTT

'I-I-l

\

il
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np

B B A T AR ERZ [V ES

R Z RHVEE

B UDP fHtA B SRRV {E R 75
B TCP L 0] SERYH AR
o =[] ACHR AR I

o TCP EZRARAR
o TCP #ilF=SHF

o TCP EHIXIFER

® TCP fRERE 2K

E
REETR
il

i zSi 5e T

B

A
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Swe
o TCP FEZE 2% H]
» AIMD (SR MR I RUBRD)
» IS B E] (Slow start)

» =B B [E]78 (3-duplicate ACKs, EfHEIIEK)
» MG 2R IS S (Timeout)
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