EE RN R T

20195F1512H 20:23

Bz
EREER
IEHERERSIERIFCTIEARYH
SR/5H

 Why?
* WNREER—MMUI N E#E EERIZ/ MM/, WEESH/5 A

B TSRO F:
R RN E R EIRSegment LR TERARTISocket, BIAEIRIHFE
WA TAE

* ENZEULE IPEHER (datagram)
= BNIEIRIETRIPHEIE, BAYIPHEIE,
» BNUIEIRIET — MEREAIE (Segment)
BN ERETRIEOSTIENROS
SENURSegmentZ fF, FRIEDIGREIPHUFIROSES, ESegmentSEHERAISocket
= TCPIEE Z AR
32 bits

Fht k15 L

N 4 (message)

TCP/UDP E#g =k

TEES B
I Ak S eliESocket
DatagramSocket mySocketl = new
DatagramSocket(99111);
DatagramSocket mySocket2 = new
DatagramSocket(99222);

<+ UDPfSocketFH —Fo2EFRIR
= (Ba9eiteit, BRYROS)
& EHEIUDPERfS
= IERPIENROS
= BUDPER SASBEXiR 1 SHISocket
< SRERENRIPHEUEFD/SRE OS89
PR SME—Socket

Cre P3 D W]
} ol G

s s428|. 11 ||sp: 6428

bP: 9157 11 ||op: 5775

*[sp: m157] - bl | SP: 5775

client |bP: 6428 server OF: 6428  (lient

P A P C e

SP L “EE A"
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EMERINS B
»TCPEYSocket FHIYTTLERIR
= JEIPithE
RROS
= BARYIPHELE
 BR9mOS
<+ FEUmF A RTE Y MER Segment S G 1ERISocket
* IRSS BT BERATSTIFZNTCP Socket
= P socket B S HITYTTEIRR
< WebfRS52EABNEF iR T ARIAISocket

(P P4 (PS5 (PE p2 (P3D)
H 1 1 H — H
5p: 5775 |
| o0 | [
5-IF: B
b-TP:C |
| 7 |
| 5p: 9157 SP: 9157
client | DP: 80 | server  DP: B0 | Client
IP; A  S-IP: A IP: € 5-IP: B IP:8
D-1P:C | b-TP:C

EFEEENSH: ZHFEWebIRSSER

P | P20 (P30
| i — e ¥ |

| | SP: 5775

| 7] oe: 80 |

S5-IF: B

b-IP:C
5P 9157] T |sP: 9157 J
client DP: 8O | server | bP: 80 Client
IP: A | 5-IP: A P: C S-IP: B P8

b-IP:C | D-IP:C

RERHITSIRER:
M%’rﬁ\SocketEHﬁﬂHE, NEREIELE FLEHMER, 4hkSegment, RLEMEE

= socket _J = process
application _P_3_ } {(E’)} application | _PZ_ C P4 application
transport ‘ﬁw;ﬁﬁ transport
network n:+ﬂ‘nrk network
link link link
physical =t physical
host 1 host 2 host 3
= D] SRR EE
= EEHAE

= SIS
+EiRiInternetAUEREMY
» UDP: FoiE#E(EHiARSS User Datagram Protocol
UDP A+ ATFTE?
* TR IR (R DIEIR)
<+ SCINEIE: TRYEPEEINS
* SLEBFHHELD
* B N AR Bt Sl R KR R R RS
< EFinternet IPHMY
SH/5H
= EIERRYEEIRIRG
EIPRSHREZEELNAR
“»Best effort”f§55, UDPERTIRE
S
» HEFEIX
SR
» UDPRIZXSFIEWT S Z AR ERF
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» 5N UDPERAILN RIS FEAhES
% B IR RL
" IR

“UDPIAATF
* DNS
* SNMP

*{EUDP L SLINAT SE4UR(EHI?
* TER G ANET S A
= N R ERY R EH
32 bits
UDPE: 1y JiF  [Source port #| dest port #
(8.53k#) —[length checksum

0

Application
data
(message)

UDP segment format

UDPRE&F(checksum)
BHRY: NUDPREEMTPEERERR (AEF)
S RIXT

= BERAINEW /0 16-bitBEE
» RIOFITE: ITERTEERERI, HAUNNERMEE, SEANERIKR, BRI
» RIET BRI BEGFNFER
*EWT
= TR ATIREIERAIREEFN
= BEESRIGFFERIFHITIILL
o THEF: toNHER
« B IRBERNEHER ((BERREEEIR)

RIGFIHERM
SER:
» R OHAI B INHZ
ReNIR
1110011001100110
1101010101010101

wraparound (1)1 011101110111011

sum

1 10111011
checksum o]

011 1100
1000100010000 11
= TCP: HMEEAIMERIRS
» TCPHZRYH
ERERSHIA
SEREMRIEI TEAR B Host EASHTEIR M T —FZiEBIEHH (HRE %)
IR ARARCITEREY
s RIET: BRIAERRANBEE D R— 8 MISegment, FHA TMELEMLEE.,
RIS BEKEIRsegmentBIRRER, HE LRGN AE.
SAEIRERT LA R PR S Fhtiil
* Internet_ERYTCP
* Internet_-AJUDP
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EHRvs. MEE
SRR RHENZBRBEEENE
+EHER: RHUNBEREZ FRZEEES
(ITRMEEZ L
- (RIS T R EARSS
 MAMERIRSSHIT (FJRERY) 152

Internet{&aIEIMY
SOEE. RFRIR(TARSS(TCP)
= iR
e
 CEREEESL
S AR EERIAZ (T BRSS (UDP)
BT "B (Best-effort) MR, i¥EM (AIRMEAEN) ¥E
S PP IRSSIIARIE
= JEIR
)
EHTCP
TCPHEIR

socket
oo = - " door

TCPEREEH
32 bits
URG: urgent data i
(generally ot used) | Source port # l dest port # ;t;ug\y;r;gs
ACK: ACK # sequence number of data
valid ™ w|edgcmenf number (not segments!)
PSH: push data now Receive window
o = # bytes
(generally not used) cheeksum Urg data pnter rcvrywnng
RST, SYN, FIN:—| Op?)'né (variable length) 10 accept
connection estab
(setup, teardown
commarg) application
Internet data
checksum: (variable length)
(as in UDP)

TCP: FE5ISF0ACK
FEIS:
* PS8R segmentFE— N FETHIRES, MiAEsegmentfIRS

= ENITCPEERRY, MUIRENIEERFSIS
ACKs:

X (EHEFLAR 895 4 1T



" FERWENT—FEIFIS

= RiHHA: ZFFISZAINATEF I ERIERERIE)
Q: T AN IEEL FEERISegment?

= A: TCPRBBHRIRBME, HTCPRISEHIEMIHIRR

@ Host A Host B @

User

Se =
typie 942, ACKs7g
.C. alg < ‘c

£*C
ACKEAZ: date
seq=7 9

host ACKs
receipt Seq=43
of echoed +ACK=gg
‘C' \
time time
l f@i fitelnet l
TCPREI ¥R E M

STCPTEIPEIREHI AT SRS EAll L SCInT S8R EHIRS
S TRIKEAE
* EFEHA
STCP{ERR—EEERTES
SRR EREN
= FBAT
= INEIEESACK
ST
« EAEBESACK
s EAEEREEE
" EAE SRS
TCP RTTFOFBAT
SRR AMER E e ESAUERTATE)?
SRKFRTT
= (BERTTEZHH
LSOy
 RAEER
’:‘ﬁ‘lﬁ:
» N EREAT B RIS
o W W ERTT?
< SampleRTT: #ll & M BUKR Hi 2
FW B ACKIF i [a]
» ZREHAE
< SampleRTTZ: 1L,
« W%/ SampleRTT, RV
, JERRTTHd A
EstimatedRTT
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EstimatedRTT (1- a) *EstimatedRTT + a*SampleRTT
REBUEE)T

MR 0

S A g I (] 1 0
* EstimatedRTT + “ % 4 il "
+ EstimatedRTTE{L KDL AL F
MURTTY 2 (L{: SampleRTT 4 EstimatedRTT ] 4 {f]

i I I ] 1 8

TCPRIXTT S
* MR EWEIEE
= Gl Segment
* FHISESegment E— N FTHIRS
* FFiEitaes
G B ERTAYE :

TimeOutInterval

» E{E S [{CiERTAYSegment
= BEERTES
SUTEIACK
» ANERFIALLRIARFFIARISegment
o EE#rSendBase
o NEFOFEERFHANSE, EHHSEIERES

TCPE(ERf)
ml-m A Hest aﬂ

x'/,‘,y

loss

Soqeny
W
/ _

SendBase

=100

a— fimeou

timeout

loss
SendBase P@(/

=120

-

time
Cumulative ACK scenario
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Event at Receiver

TCP Receiver action

Arrival of in-order segment with
expected seq #. All data up to
expected seq # already ACKed

Delayed ACK. Wait up to 500ms
for next segment. If no next segment,
send ACK

Arrival of in-order segment with
expected seq #. One other
segment has ACK pending

Immediately send single cumulative
ACK, ACKing both in-order segments

Arrival of out-of-order segment
higher-than-expect seq. #
Gap detected

Immediately send duplicate ACK,
indicating seq. # of next expected byte

Arrival of segment that
partially or completely fills gap

Immediate send ACK, provided that
segment startsat lower end of gap

PIREEHHI
STCPRYSCHLA, NRALER, B aEREETRE, ISERREmInEG, SEEHREX
» EAERNSEZ BIESFRKATE
SBIESACKIEUSEERK
" Sender B FEEMAIXSNDHE
WIREANDEEKR, g5 RS NESRIACK
S UNRsenderlEIRIE—EFURATIZNACK, MREIZEUEZ EHRBEEK
= RIERE(E: TEErt =B 2 BIRIHTER
PUREEEE

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 for y = 3) {
resend segment with sequence number y

a duplicate ACK for
already ACKed segment

TCPEREH!
ST ATCPEE S ERbuffer
2RI AT RS buffersp SUBANRES RIS

fast retransmit

Flow control
REDAEWIAREZ. KRUETEERA
IR EDLECAH
f— RevWindow —
L
data[;rom CTCE 0 pplication

/jj/_Z : /f;/A » process

7 7
vl
L

*7 RevBuffer 4‘*
(IBRZETCP receiverEFELFEMIsegments)

% Bufferdai9m] FHZS[8](spareroom)
= RcvWindow
= RevBuffer-[LastByteRcvd -LastByteRead]

“* Receiveri@Id fESegment YL ERFEZIERcvWindow E5ifFSender
% Sender[R#IH C ES&AXANBEIRRKEIACKHISHEA BT K5 BYZSIARcvWindow R <
% Receiver&5&SenderRevWindow=0,£HI+AER?

TCPIEZETE
#TCP senderfreceiver{E G ERIE B2 T IERE
SHRETCPTE
= Seq. #

= BufferfliE=HIEE
“Client: EELILE

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

DX EMEFIRARE 895 7’



“»Server: FEEFIEEEK

Socket connectionSocket =welcomeSocket.accept();
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
= server allocates buffers
= specifies server initial seq. #
Step 3: client receives SYNACK, replies with ACK segment, which may contain data

TCPIEREETE: By

Client host Server host
|2 r
= |
Connection %
request SYN=7
Connection
granted
ACK

Time Time

TCPIEREE: X
Closing a connection:
client closes socket: clientSocket.close();

Step 1: client[@server &ZIETCP FIN 3=l segment
Step 2: server WZIFIN, [BISACK. XFNEREE, AIEFIN.
Step 3: client CZIFIN, [EISACK.

HAN SR -URIEEIFIN, SEFTRIEACK
Step 4: serverl§TZIACK. IEEEXF].

c lient server
close
¥
o
=
o
Q
_E
=
closed
TCPIEEE
-»| clLoseD |- client application
e — “... Initistes 3 TCP connection
\ sene S¥N
S T——. '
TIME_WAIT ] | SYN_SENT |

4

recewve F
enl ACK

eceive SYN & AC
d A

¥

| N w2 ESTABLISHED

client application
acaive AC /" initiates close connection

sond nothing ~—| FINWAIT.1  |e—"zenc PN

TCP client
lifecycle
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TCP server
lifecycle

— CLOSED s server epplication
= creates a listen socket

send nothing
{ ¥
i LAST_ACK LISTEN
send FIN

v
CLOSE_WAIT | SYN_RCVD
- L =

send rothing

eceve FIN 3
i) - ESTABLISHED |<

TCPiRZEEH
B
**SenderPRAIEERSR

LastByteSent-LastByteAcked<= CongWin

rate & CL';‘_QTM Bytes/sec

< CongWin:
* RBRFTRREIZIRI S EE
[BIRR: SfaIRRENRILRIEE?
“LossE{4=timeoutdl3 NEEEACK
SRElossEHG, REHREER
I SIEMAEERIXEER?
SO —EMERL: AIMD
123 5h: S

DO —SRIER: AIMD
*[FIR: FEINASESR, 1EERNTASE, BEl&RE oss
ST5i%: AIMD
= Additive Increase: E/MRTTI& CongWintEA—MSs— —3AZEE R
» Multiplicative Decrease: &4 lossf5i&CongWinj& 3

congestion window size
i

time

TCPIEETN: SS
STCPIEEREN/AY, CongWin=1
= {51]: MSS=500 byte,RTT=200msec
= ¥IHRIRER=20k bps

I I R TR T
- FEHEEK
w[RIE:

 SERTTIRRY, REIEEK
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Slowstart algorithm—

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

RET=tA(ERIS

= BARTTE CongWinEB(E

= GBI MACKIHH THRE
SYIREERIE, BRNEEH

@Hosf A Host B@
W

@

ur se ments

+—RTT—

time

ThresholdZ5&
QIR ROZIEEMHE R D S G (R ?
A: ZCongWiniAZ|LossEARIERTL/ 2.
ST
< Z5&Threshold

% LossEHRAERT, Threshold#i /9LossEB{4FFijCongWin{BHYJ1/2,

14—
TCP Series 2 Reno
12 M
104 o
“‘; g|Threshold - _
g & YT Treshoid
(e A \ A
A—TCP Series 1 Tahoe |
]
0 | | | | 1 T | | | | I | | | 1
1 2 3465 6 7 8 9101112131415
Transrrission round
LossEE{4HRILLTR
< 3 PNEEACKs:
= CongWintJEl—3
= REEIMHEK
 TimeoutZ514:
= CongWinEIEIR 911NMSS
= RIEIEEUIEK

= X Ethreshold[5, F& IS
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- Philosophy:
Q 31 H 5 ACKs KR M 4%
IEREE 154 — LY segments
Q timeout Ji{f- L W] il 2 T
79,-||':ﬂi

TCPHRZEEH: K\
When CongWin is below Threshold, sender in slow-start phase, window grows exponentially.
“* When CongWin is above Threshold, sender is in congestion-avoidance phase, window grows linearly.
«» When a triple duplicate ACK occurs, Threshold set to CongWin/2 and CongWin set to Threshold.
«» When timeout occurs, Threshold set to CongWin/2 and CongWin is set to 1 MSS.

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
Avoldance "
Congestion | ACK receipt CongWin = CongWin+MSS * | Additive increase,
Avoidance | for previously | (MSS/CongWi) Iting 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

TCPHERIEHIEE
Th=7
CongWin =1 MSS
/* slow start or exponential increase */
While (Mo Packet Loss and CongWin < Th) {
send CongWin TCP segments
for each ACK increase CongWin by 1
}
I* congestion avoidance or linear increase */
While (No Packet Loss) {
send CongWin TCP segments
for CongWin ACKs, increase CongWin by 1

}Th = CongWin/2

If (3 Dup ACKs) CongWin = Th;

If (timeout) CongWin=1;

TCPHEREDHT

TCP throughput: 1T
SEETERZEBT O A/NIRTT, TCPRIIYFMTESA?
= ZR&IESlow start

HREREBETES CongWinRIA/NAW, FITZRFEW/RTT
SHBATS, CongWin=W/2, HFITZTEW/2RTT
“YFEILERT: 0.75W/RTT

FRERITCP
wZ&F): TN SegmentFF 1500 byte, RTTER100ms, 75E5K1810GbpsHIFLR
= throughput = W*MSS*8/RTT, M|
= W=throughput*RTT/(MSS*8)
= throughput=10Gbps, MIJw=83,333

SBEAK/NS83,333
SBHMNESEGE(loss rate, DIIXFR
« CongWinMW/2HE I WIS S 4> o, A Ak 4r 4L 80N
WI2H(WI241)4(W/242)+ . +W = IWZ/B+3W/4
« WILKI, 3We/B>>3W/d. [HIEL = 8/(3WR)
-2 SN “S—‘
W o7 ik _075-MSS /51 _1.22.Ms§
N/3L = RIT RTTVL
wL = 210010 Wowlll
B Q4% B EHEITCP
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TCPEY AT
SUTFME?
* YNERKANTCP Session L ZEEAIREINEEER, BPATEMSessionfYTETIRER /IR/K
TCP connection 1

TCp @
connection

bottleneck
router

capacity R

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
SAFHESuUDP
» SRR BEERMERTCP, IARBHEE I SIRSIRSR
= EFUDP: LIBEERKIE, BEBETER
- FEETRAT
*HHZY: TCP friendly
PN PIESFRTCPIER
= RN RS THSAN FRIER
* WebiXl538
= FEERFE AR
fIF: HERREEIR, BRIMER
= FRAORFRIER1IATCP, 3R1ER/10A0ESR
= FRAON RRIEK11TCP, SRIGR/2AUESR

0

3

WAEEI=
“SocketfiE
SOCK_DGRAM
odily

SOCK_STREAM | etk AW

“TCP: WHE, MFER. FWRAEH. KA
+~UDP: AuJHE. i, ¥EiEH
API

“»WSAStartup: ¥Rt socket ZE({XITWinSock)
SWSACleanup: 5228/ 1Fsocket EERYE R ((XXFWinSock)
“socket: BIEEEREF
“connect:"1ERE" IminARSSES (NFATEFim)
“sclosesocket: BRI/ KANEEE
<bind: SPEERFIAKIPHIIIROS (BEEFIHAEE)
listen: BEIRFBENATCPEREFT HRIMER, FHRENFIK/ (XNABTFIRS[IHRTCPERET)
“accept: EZ/IRM—MNEREK, CIBNERT, BIHER (WBTIRSSIRNTCPERT)
wrrecv: FEWEHE (AT TCPERFRIEREIAIEFIRUDPERT)
* recvfrom: KRR (AATFIREREAIUDPERET)
< send: RIEHIE (AFTCPERFHIERERANEFiRUDPERT)
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%+ sendto: RIEFUER (AFIEERIEIIUDPERT)
% setsockopt: IREEIEFIAINSEL
% getsockopt: IRENEZRFHINSHEREFHIERIRIEFinUDPEREF)

< Internet{EHIEIRFIREY

= TCP
= HEEE: BERT/IRSRHIER
eSS
= TR ER

REEH: KESASREREISR, ETEErrIatEeE
= FAEEIEH): HMR R EIT BRI IRH XS RAREERE

* MR E) AR RE

» MRS/ INEERE

= UDP
 ToiERE
» A SEROEUEIE
= iRt
o AT ERMEIRIE
o REEH
o FEEEE
o IER{RE
o HERRE

Application Underlying

Application layer protocol transport protocol
e-mail  SMTP [RFC 2821] TCP
remote terminal access  Telnet [RFC B54] TCP
Web  HTTP [RFC 2616] TCP
file transfer FTP [RFC 959] TCP
streaming multimedia  proprietary TCP or UDP

(e.g. RealNetworks)
Internet telephony  proprietary
(e.g., Vonage,Dialpad) typically UDP

R?

e RE P28 N F A2 MY
= DNS
HEAR
< Internet = FEH1/EEHESAIR Bl AT
= |PiBE
= 1545 www.hit.edu.cn
I B REITREEDNS
» ZE B IRS SRS TR E
» MR : STRRE RO
e Internetiz/XTNBE, FARZFEEYEEIL
o B RE %
<*DNSHRSS
= 1522 [E) I PHBHERYETE
= A%
= BRHARSS RS 5%
= AEIYE . WeblRSEE
B A AAEEREHAIDNS?

7
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» B RIE) R

I E= 718
'lﬁiﬁ]ﬁﬂ

= IEESRIRR
= HEPEIRR
SRR AR
Root DNS Servers
/ ‘L \n
m DNS servers org DNS servers edu DNS serve
Y N I N
yahoo.com amazon.com pbs.org polyedu umass.ed
DNS servers DNS sorvore DNS serv DNS server ONS servers

2 FiE B EE Awww.amazon.comidIP
» ERIGEIDRIRSES, HEcomid B EITIRS 25
» EFImEIRcomiB B TR SR, FEamazon.comBiZEITARSS =S
» ZFimEAlamazon.comigZ ENTIRSSEE, KB www.amazon.comfyIPittiit

12 AR55ES
DNSTRIZZ RSS2
S A2 ARTIRSS ES O AR AT, HItRIRZIRSS RS
IR Z RS S
= ANERAFIERET, HIa R IRSS e
SRS IR
. mmmtazﬁﬂﬁ%ggL@ayeaj

AR 13
MR %

Iﬁﬁfn$ﬂmﬁ% fEtTIRSS B8
> TR I B IRSSES(TLD, top-level domain): TaZscom, org, net,eduFETRFIFZFIE RIS, Fld0cn, uk, frEE
= Network Solutions#E{ comIRk a2 iR 5528
* EducauseZEiRedu]REIH B IRSS2S
< 1B (Authoritative il Z RS 85 . BRANRBBITIRSSS, REBELNIPBIRSSAIBRITIRS
= B RYER
RSB IRARRERYER
AitbiR 2 RITIRSS 85
* AR TERAR
< BPMISPE— AR Z RS RS
» BUA B ETIRSS 88
< HFEHF{TONSEIBAT, Ei’@%&?ﬁ%ﬁﬂﬂiﬂﬁﬁ% iR55E8
= ERRE (proxy), FERERE (BRN) BERITIRSSERR

PR (rcr/ir) Wit 1=

*a |

TR AR

& PEFER T QN
CEHTES 1 D
i1 kb |

© OHER E BERA®
& Ty o HHERY @

B 0 BERE) [z & 2z w2
& o BBEQ) xe 20 @20
&30
]
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Iaternet BRR (Cr/ir) it S1ES|
®a |

BT RRRR Y T

© TR 1
C EHTES 1 e ©

1T Hehrs =

~ OFER 1E B8R ©
& 5O T ows WSEL @

BXow BEHG) [0 &1 .22 e
&l o BHE Q). M0 67 .20 20
|

DNSEIAZRI
%+ Cis.poly.eduf9EHIEIRE
gaia.cs.umass.edufyIPithE
SIEREH
= WEIHIRSS 2R EIEE TR S SR E T
FARNRXMEE, (BRIREILA X iRSS s

root DNS server

TLD DNS server

—
5 ’

1
local DNS serve
dns.poly.edu

||

authoritative DNS server
dns.cs.umass.edu
requesting host
cis.poly.edu

gaia.cs.umass.edu

+IBTEIE
= R AETRIES AR RAAR S5 25

root DNS server

TLD DNS server

local DNS server
dns.poly.edu 5

1 8

authoritative DNS server
dns.cs.umass.edu
requesting host

cis.poly.edu

gaia.cs.umass.edu

DNSICRE
DNSICREFIES
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R/

» REEEETIRSS SRS EE —IPIRETY, RIEFX—HRGT
—EREfEEE, EFFERM (HER)
» R RSS2 — RS R TR IR SS R AYBREY
« BRI AR S 2R A2 E #0310

* ICRAYEHT/BAHLH

= RFC 2136
= Dynamic Updates in the Domain Name System (DNS UPDATE)

DNSIERFERE
S EIFICZH(RR, resourcerecords)
*Type=A
= Name: FEAliH%
= Value: IPHBE
*»Type=NS
= Name: 13(edu.cn)

* Value: IZIFAR B2 R IR S5 2R A0 A=

RR format: (name, value, type, ttl)
**Type=CNAME
* Name: E—ESCIEHZRIFIE
* www.ibm.com -
servereast.backup2.ibm.com

* Value: ESCIE75
*Type=MX
* Value2 Sname tBXI RIAYHBAAR S5 85
DNSHHYSBER
< DNSHY :
= Eif)(query)FIEIS (replyiEE)
- HEWEIUER
<~ HELER

= |dentification: 16/UEIARS, EISERERNRS
= flags

« HifEEIS
« HREE
« BIFTA
o IEREIE

Name, type fields
for a query rumber of suhcdty RRs | rumbe

Quting
RRs in response [variatie nurber of Questions]

to query ——~—_|

records for o
authoritative servers ™ cmw.num.mmm- focceds|

Fnars
(Ve ie NUMDE! o FS0UTH 16CondS|

addsonalinformation
(il gl UMDY Of reSOWCS tecods)

additional “helpful” _—"]
info that may be used

= HTTP
Web5HTTP
World Wide Web: Tim Berners-Lee

= TR
» A EHE4EEE
<+ MITa(Web Page)B &N JH (objects)
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http://www.ibm.com

= XI5 HTMLIZ, JPEGELR. IS, shiiSHIASE
» EARHTMLII S : BEXNEAMXISR5 | RIS
S IFFEAYS U (addressing)

= URL(Uniform Resoure Locator): F—&iEEMEERFC1738

= Scheme://host:port/path
www . someschool.edu/someDept/pic.gif

host name paTh_-r-ia_me.
T3 HER R PRS- AN ?
R AT

= HyperText Transfer Protocol

S C/SEEN

» ZF—Browser: BEXK. . FERWweb
ISES

» fRSS88—Web Server: IINZFRIER, KETR
SHTTPRRAS :

= 1.0: RFC1945
=1.1: RFC2068
{ERATCPERIIRSS
» [RSSEREBOIR IE R P RIEK
= SR A A EIR S BRI TCPIESE (B EE T Socket)
= IR RRIESZRENIERRAITCPIERE
* MBS (HTTPE i) S Web R S5 88 (HTTPARSSE8)3Z
HHTTPER
» KIATCPIESRE
S TSIRZ (stateless)
» RSB AE X EFimd ERTRIERIES
BIRSHIMES R
> BHIPRESARER)
> NREFFHRSEEELN, SFERSHA—H, BAXMA—ERNE
HTTPIZESE
SAEFA &R (NonpersistentHTTP)
» BTCPERRZ ITHER— IR
* HTTP 1.0OMRANE RIS A MRS

e PR B AURL aELAREA0

www . someSchool . edu/someDepartment /home . index | 4jpegl )i fost s
1a. HTTPZ /i [ aht g

www.someSchool .eduft fE %
3 EMHTTPH % Bt (40 1b. HTTPER %344 180% 4y
80) RETCPERZINR. TC_ » BRERIT

2 HTTP"Y WHEHTTPIHR

someDepcrrmem/homc in
dex

/ 4. HTTPIRS B HTCPIERE.

5 HYTPE Pl Eloa il e, M
HrhtmizcfE, SRhtmiicfE, &
B 10014 jpegh! BT

'”1”‘1 6. Yot/ jpegRt A M H W15,
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UGB R b iESTE L
+»*RTT(Round Trip Time)
» NEFimAiE—MRNIEIE B 2RSS =5
FR[EIFFE HRIASE
<M RzA E](Response time)
s RH. EENZTCPIEIE: 1RTT
" RIEHTTPIEKEBEIHTTPIRALE S AIRT
JINFPEGR: 1RTT
* [RGB R AT RIS/ S &R 8]
= Total=2RTT +3 {4 & 1%RT A

Web iR 5% 2%
y-% - R
TCPEH
RTTK —
R - -
S
o / A fe]
WE -
XA
time ti'me
IERF A MEEERY AR
» BN IREE2RTT

» R ERFEBE AT NTCPIEETF R (overhead)
= X RER R EAM?
o SIS FHATHITCPIERELAIRENN
PUZiE=aEd
o (IR SS ERImIE AT AR ?

IFA ML (Persistent HTTP)
» BNTCPIEREAIHERZ ISR
» HTTP LAMRAENIAFEREIFA TR
HEARE
RIERNSS, ARSSESFISTCPIEZRYTH
» [REAOHTTP B E AT LABI X MERE RIX
STTAK (pipelining) AIRFA M

&
» B Fin REWERT— MBS A
RIEFTHIER

» M5 | FIRIRISRAERT 1 RTT
ST EIRSFA MR
= HTTP 1.1A9ZKI AT
» ZRIRREBE— 5 | BXNSRMARA HIEK
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EBERT, KWERIMERIS I RNSRRFRERLILRTT

HTTPIEIEE
SHTTPIMUEREER
= EXIHR (request)
» [[RZE S (response)
AP RIE]S
" ASCIl: ABE#ZEANE
(g?Tue;tOIS"}C\‘ GET /somedir/page.html HTTP/1.1
HEAD commands) Host: www.someschool.edu
User-agent: Mozilla/4.0

hea'der‘ Connection: close
lines Accept-language:fr

Carr;:’:gef:;ur}/"ex"a carriage return, line feed)
indicates end
of message
HTTPIEKEERE S
| request
sp I sp mn cr|if ine
: header
[ ] lines
er| If
cr | If
Entity Body
FERANNTGE
$POSTHIE

» A HEEBIESXRIE (form)
» EIEKIHERNBERK entity body) F_EEE FimATHEAN
S URLFE
» (FFHGETHE
» NEREE request{ THRIURLFER EAE
TR
SHTTP/1.0
= GET

= POST
= HEAD

* iBServer ARG MEKAIIS N RALE R H
S HTTP/1.1

= GET, POST, HEAD

. PUT

o KBRS EERIURLFRRATIEERYERIZ
= DELETE
* MBRURLFERATIERERIS S

HTTPIIALES
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status line

(protocol
status code HTTP/1.1 200 OK
status phrase) Connection: close
Date: Thu, 06 Aug 1998 12:00:15 GMT
header Server: Apache/1.3.0 (Unix)

Last-Modified: Mon, 22 Jun 1998 ...
Content-Length: 6821
Content-Type: text/html

lines

data, e.g.,—  data data data data data ...
requested
HTML file

HTTPIE RS
SHALGEERE—T

RGNl
= 200 OK
= 301 Moved Permanently
= 400 Bad Request
= 404 Not Found
= 505 HTTP Version Not Supported

cookied iy AR
M AEE Cookie?
HTTPINTTIRZS
REZRNAFERSREEEFPIRIVAE, kWY, fasci?
Cookie¥y A
» HURub A TIHBIFFSD. #TsessionIRERTIETFAE AP AR EAY
HE (BEEUNE) .
= RFC6265
% CookieA94R44
* HTTPIERGE S ATcookieSkER T
» HTTPIEIEE B cookieLE T
s (RIEEEFimEN EMcookieSE, HINIGEETR
» WebfRSS25ImRAVE EEIERE

client server

/" Cookie tile server o

y,
usual hitp response + — creates ID oy, _’%%
[/ ebay: 8734/ Set-cookie: 1678 1678 for user ™° ‘e%

1

cookie- " -

/amazon: 1678, s s

/ ebay: 8734 / spccifi: — y
usual http response msg action A

one week later: SE

/ Coakie file

/ Cookie file / cookie-

_.-":alnnmn: 16.‘-8__.-"r spectific

ool action
< CookieBEAZHTF:

» SDIAIE

= M4

-

= Web e-mail

*ESRATRIRR

WebfEfF /U ERARSS SR EA
“Ih8E
- ERIEIRSS SR ARIIE PR FIRATHTTPIER,
+HH LB RBBXFA?

DX EHEFIRMAR K5 20 1T



» FERE R A KA A 8]
= BRI /BRRITRE
» EXSBER (Internet) TBEHHIRNE DA
+Web%E 17/ IEEIRSS =R
» AP EN RSB BT TWebia)
= MR MEF/ A IEIRS S REEN
HTTPIER
o NRAMERNREEFT, BFREXIR
« BN, EEFRSEAFRAIRSSEAEHTIPER, KBNS, AERELEFIHFHEFEZNSR
SEFRF MR, MRS EE
+—AZEHISP(InternetARFZIRMAR) BRI

origin
server

~RE:
= XISRAYEEIK/)\=100,000EL 4%
= HIAERILE PRI SR I EE 1510 2 RIAAR S5 85 A0EK
» NSRS R 2SR R AR S5 2R AUEIRGEIR = 27D
PR MERESHT:
= BRI (LAN)RIFI FRZR=15%
= ENE B MRV AR FBZE=100%
» SHIFEIR = B BA_EAIFEIR +175[RIREIR + B gk PITEIR =280+ T 155 8+ T LR

1.5 Mbps
access link

=5 (e, (&5 (e

3 ISESE
= IR BB N 5e=10Mbps
*PILEMEREDHT:

DX EHEFMAR N5 21 ]



= BRI (LAN) BT FEEE=15%

= EAB BRI HEREAIFI FAZR=15%

= SHYFEIR =E BAR)_EAIFEIR +15 | DJFER + B MIZEIR =270+ T LR+ T LigRD
<% (AR :

" AKS

10 Mbps
access link

&) (4 85 (4

SRR ER2:
" REEWebEF
» REEFHPERE0.4
SR IMEREDHT:
= 40%ANBEKIZZIERHE
» 60%HIERIBILRIAIRSS 22
= I\ BEAA RO AR FER)60%, MMERERTLAZESALT, Flan10fFs
» SHIFISREIR= B BAR_EAOFEIR +1HIRREIR + BRI IIFEIR =0.6x2.0180+0.4xnfaffb<1.4%D

origin
servers

1.5 Mbps
access link

o) ) a9 [m)

institutional
cache

FHMHEGETTIE

DX EHEFMAR N5 221



cache server

not
HTTP response R mOd‘fled
= HTTP/1.0
304 Not Modified
object
modified
HTTP response
i HTTP/1.0 200 OK
<data>
< Bix:
 NREGEEFINA, WAZEREXEKTR
*EE:

= FEHTTPIERIHR A BRRTRFE iR ARI B HA

= [f-modified-since: <date>
RS

s NREFRNRA R, NIBALEEHAEEXIR
= HTTP/1.0 304 Not Modified
= SMTP, POP, IMAP

“*Email i FRRIIAR A

* BiB{42% Fifg(user agent)

= HBARSS BS

= SMTP1Y (Simple Mail Transfer Protocol)
& BB P

£ BEmailiER

» 5iRSGSERE, K. REmailiHE

= Qutlook, Foxmail, Thunderbird

* WebZE i
< BB{4-ARSS- 28 (Mail Server)

= BRFE: FHEARLEIZFBFRIEmaIl

= JHEBAF!(message queue): FEZF(FAIZRIEMail
S SMTPHMY

= BR{FARSS 2R Z [BUEIBIH S T E ARIINY

s BFG RIXEEEHRSEE

» fR55E5: EUCEERIIRSSEE
S fETCPIFH TemailiHE AT &5
w25
SAERIIRI=ER

{EF

- BERYEE

" XA
S S/MNRZ TR

X EHEFMAR K5 231



= 5% (command): ASCIISZ AN
* [ (response): IRALIBFHES
SEmailiBE RBEEZ7{ASCIED

SMTPMY
SERFAMERE

B REE WA 7{IASCIREIA L
<+ SMTPRRSS 25 % FICRLF.CRLFFTEIH B RIS,
SHTTe3dtl:
% HTTP: A= (pull)
% SMTP: B (push)
< EREARS/MNZEIRT,
< iSRS IBERRASCIED
& HTTP: B USRE RIS AN AL E R A
% SMTP: ZPIRERSN PR ERRANEEHAIE
Emaili BRSNS POP31HHY
*SMTP: emailiHE &M/ HMY
“#RFC 822: XA HBIEINE

= L&B1T(header)
e To
* From
¢ Subject

= JHEK(body)
< HEAS

o HREEASCIZES

header
=L

body

SMIME: SIRIRME(HY FERFC 2045, 2056
= B MR SR A NS MY T LA BBMIMERI PR 25 258

2O From: alice@crepes.fr
MIMESi4 To: bobfhamburger.edu

Subject: Picture of yummy crepe.

e E IR RrS ,,>\" MIME-Version: 1.0

—tContent-Transfer-Encoding: base64

R EHIREAR, A‘/_AA_‘Contont—Type: image/jpeg
FRBURBHE base64 encoded data .....
- _ .....base64 encoded data
SR

SHBEEIEEY . MARSS2TFRENHR4
= POP: Post Office Protocol [RFC 1939]
« NIE/ERN(EFin < SRS 28)FITE
= IMAP: Internet Mail Access Protocol [RFC 1730]
« EEINEE

- EINSZR
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- BEBIRINIRSSEE LR ERVER
= HTTP: 163, QQ Mail&E,

* List : 15
* Retr: REETY: A
* Dele:
* Quit

<0 TEFHR" &=
» AFUISRIR T B miK, ToEEIEZEBM Y
+0 TEHEFEE" H#3: FAEEFmELUREBBESAER
< POP3ZTIRESHY
IMAPHIMY
SHMBEEES—RFE— MG RS
* RIFRAPFIAM AR ER
*IMAPSZFFIERIE(Session) F-IFAFIAZ:
" NHEIEF
» W4 S5HRIDZ BRI
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