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> MIT AFHRER:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEMRLE) FEHFE (it 3)

IR :
BE—E LT EH MBS R N P

RIRKE | ISR

1.5 TTEHMZEE]

1.6 mggj:/]—‘;&“ﬁ Tgi%ﬁj-l‘ﬁ—'l % 2 Egﬁ 1-2 T
1.7 A3t (2 Z0/7)
FFEFNERK:

FRER: B GFRRMTEERN, oA YS, TTEREM, RFID F{EREER
BRI, ESTRECAR ElFRRE AR,

BENER: BERSIER S EMSE TI—MPRE, TR WARETHLAR
IS,

ERBR: WUMERCINESE, FRTE R THAAIS R E RS
HURBHESIER,

HFEASE:

1.5 T+ EHmZ8E451

BEXK, BasiEkLg, FT&BE1EM, RFID flfERkEs ML
1.6 PLEIREL

EEEIUESINEN, BEfrrErER, EfFrEr

1.7 B\l

ZRHFILAREN]ZERNXE

HFEES:

IRBIARERERIMNLE, BEERITHEF RIS
BFMES:

BEXRMRUSR, BEENERERTIHETIMNE

HEFERERE:
BOPPPS #F R HNATIERED Z+FE T HFHRENIN

HF&it:

& B 4 ¥

19 / 207




g

=
3

it

SA (B) (593%) : PPT LSHMNMEEREF: OSKHFEME, @57
TUACIRMES, IRIBFILFEDBITICFIHRINERNEEX S, #TMRLS
e, SUSRE, WINEWHRIRHEE, BAFEREETINSH
USRS T MBI THYS

(a) (b)

BHix (0) (o) : LLPPT ENBBHE S BAnNEEK, BBSIHRING
MIEMESERRETHNER, MESIRECRIVEE.

Bl (P) (o) : XIFAMRE, SHMERRERE, WFEXNF
EHRINEENERIERIERE. | SMRINEREHARR, 2. BERMNPEE
FESHRERRINEE R EE—IE.

AN T

@RREHENY ()R RIE I By © BRI
(@B IMEN ()RR 3h 4 ORERUEIMER

s5XFEI (P) (29%)

(1) ARPANET: H ARPANET F=EfIARAF, 5I18FHNRBEMNERE
A SRUARAEINEMINE, FAEDEITCIHENMNENERI TSR, &
IMRIEREE, SEETTENVIMSHYEE.
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© NSF Supercomputer center

@ NSF Midlevel network

NOAA

1. ARPANET SHRI{ERNITENMNE Z[BRIKXER,
2ITENNEIMIBE— NEREE— NN, S1EFERFBRRITENA
i, BTMNEE,

(2) BEAMATHRINGY, HTBEEEAEE, EFENRHRETEERMS
ARPANET 7EZ5MIFINMY ERX 5!, #IM~TER4S.

i AHISP - - - EHISP  EHISP Kb AHISP  ZAHISP AN ISP

Em/&\m L\ /\ /\ B

[EEE: BEAREMNERA 40 SENSHES 4 MO REGEIK?

ALY

™ d
UNIVERSITY
oI UTAH
Ry

© W
HAESEERS R ICHARRERG S

HEEEEAMAIEAM S, ETE 1Pve ZMSLEE £, 2017 11
B, pHAPRHNT. ESRDANTENR T (HEHEEMIDYE7SIR (IPv6)
PAEEREITENRY, SISREM 20 £ FREEEE B BRIk,
ST T RERI AR,

(3) FBohEEIERIZS . BUMLAFNL 06, BidAEs | SFAEI MR EEIEE]
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http://www.gov.cn/zhengce/2017-11/26/content_5242389.htm
http://www.gov.cn/zhengce/2017-11/26/content_5242389.htm

HFEENER, LR 2G, 3G, 4G, 5G BIRAEDS,

(4) ZT&BEN: BEEENINEAREILIITEBEMNENSTIN. BAFEMEFAF
EIEE1ZERY IX%UL\X&ZHIX—XIH HIX BISE R ANRR, dEERS
T‘Dlx—_lég{EmJ./ =1

Base | To wired network
station

%%% %"Q

(a)
(5) MBIVENBL: 1TU, PTT, AT&T,Bell, ISO, ANSI, NIST, IEEE,

T X ERIARI FRFISIEVEICRIE N, 70 IEEE 802 ZRAHIEAIZF
. EPEERFEEFEAGERERN.

Number Topic

802.1 Overview and architecture of LANs

802.2 | | Logical link control

8023 * | Ethernet

802.4 | | Token bus (was briefly used in manufacturing plants)
802.5 Token ring (IBM's entry into the LAN world)

802.6 | | Dual queue dual bus (early metropolitan area network)
802.7 | | Technical advisory group on broadband technologies
802.8 1t | Technical advisory group on fiber optic technologies
802.9 | | Isochronous LANSs (for real-time applications)

802.10 1 | Virtual LANs and security

802.11 * | Wireless LANs

802.12] | Demand priority (Hewlett-Packard's AnyLAN)

802.13 Unlucky number. Nobody wanted it

802.14 | | Cable modems (defunct: an industry consortium got there first)
802.15 = | Personal area networks (Bluetooth)

802.16 * | Broadband wirsless

80217 Resilient packet ring

(6) BAfthl, EXFESEIERRITHSBIRIERN.
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Exp. Explicit Prefix | Exp. Explicit Prefix
102 | 0.001 milli | 10° 1,000 | Kilo
1078 | 0.000001 micro | 108 1,000,000 | Mega
1079 | 0.000000001 nano | 10° 1,000,000,000 | Giga
107'2 | 0000000000001 pico | 10% 1,000,000,000,000 | Tera
107'% | 0.000000000000001 femto | 10 1,000,000,000,000,000 | Peta
1078 | 0.0000000000000000001 atto 1018 1,000,000,000,000,000,000 | Exa
102" | 0.0000000000000000000001 zepto 1021 1,000,000,000,000,000,000,000 | Zetta
10724 | 0.0000000000000000000000001 yocto 10%* | 1,000,000,000,000,000,000,000,000 | Yotta

Bl (P) (1043%p) : EARRELSE 2 BUNEBHT/NNULE, 55500

NFENTEEMELS. BAHFNERER, REEFHDT.
I%ﬁ%ﬁ 14

T H
BT 14 10MB 5 10MBps [ ¥ {8 2 75 A 7] 2

QO =
ERFIARISN (251, | 0 &

B4 (S) (o)  HIRERERE. BEFIER, ERNENSKE
&, MoRRIEMLE, TNECTMMAIRAET, MEREREMELHSIET
IXRNAE.

R Y3

1. MEZER: BREARSEIRSRELARIN L,

2. FeoREIEMLS: B—(URBaIRRIERESHIANT RANTHY.

3. MBI IRENERLUR IR,

4. Bt EEERIA. NRALHEFEFIRFR,

MR

1. WEREN: SMIRECBRUARNENGEN,

2. BA(#HE]: MB 5 MBps, KB 5 KBps, GB 5 GBps RIZ2LA 2
10 Ak, RALEEBEARRE..

REEN: 1-36

Rt
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1. B R ERREIBERERTE.

2. B HEESLAS | SFEEARIG R MR EEERIEMEEN.

Base | To wired network
=y

IREERH=:
B WS EAIREN AR, FFERE REME, FRGE" 89
B, ERERIFEINTERERIFENSIES TR, SFIE.
MHMWﬂEHﬂmEEFE.FE%EW?%&%%@%EKW%EW%
RIEAGE, KBEESR. IKETE, REFBEHTE.

HERB:

WIS EEBM A RH ISR NEER, 5|INBBEMARDSE CHEEHES
, SIEETEERARIGER, FRNEF, MEEREF. UEREEREFSIN
BIENRLARIE, (BEHSEFHR.

AR FEIEAIR. SENMEREREANXMN. EXTRESLS, F
ERNEBER, LETEESHN, FRARBRFERNESEN, titZ41R
HEEHILH, F—R=, RBIFREE, EFtbRiEZEESNENEES
t, BIEEAEEEE.

SETH
> &EHR.
[1] Andrew S.Tanenbaum, David J.Wetherall, 184S (R385 hR) HU T
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A HHAREE, 2011,
2] BFEAZ, BN (B8 hR), BFEFIIEHRE, 2021,

[3] James, F.Kurose, Keith, W.Ross, ITTEHMNZS: BIARA T EiACENXR-5 7 i),
AUl HERRet, 2018,

[4] B3R, FRNBRITENIMEE [Computer Network Technologies in Depth] , FE

IKFZKEB ket 2017,

51 FiRE), RiFEAME , WMBZEFEZRR, ARBFELARFE, 2019,

6] ZEIH, £330, BRIEHE, ApEE, B8, HREESIHEIIMNG (B=hR),

FEZKFIZKEB HhARAE, 2020,

> MOOC/SPOC iRFEHIE :

1] FREAEE MOOC T4 SPOCIERR: 2021 EHENMLE (Z5)

https://www.icourse163.org/spoc/learn/SDU-1462809161

2] FEKXFE MOOC F&: BRETWRZE: [HEINE (EREHRE)
https://www.icoursel63.org/course/HIT-154005
] FEXEFE MOOC F&: FERRIAE: HENNS (ERERIFE)
https://www.icourse163.org/course/NJAU-1001752039

> MIT 2THR&EIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTENRLE) FEHFE (Bic4)

RRER: IEERA | iR
BETEYIRE

2.1 SR SRS ER g | 2B
22 BEEIERNE (2 25)

B EFNER:

HRER: FIVEENEAESHI0E, EERREENRSLUREERKE
EERAAT, BRI ERRYIERINE,

gENER: BIEEMST. RERSEE. FREBENHREZESRENGS
FHF AN TRRRITENNERIRE, BARRRGSEAES]. B
e, EFFAETESCRME(ERES.

ZRBF: TNRAEARFERIFNIRESRR, FARETRERXESEWARRMNSL
MEFERIINR, LAREIINRERNRROHSRBLERES); WIETREE. BT R
A TR BIFRYED.

HEARAS:

2.1 ZUEIBEIEICERM

BEMNDT. SESEE. SREE. SERAERERE
2.2 BEMIERNR

BENER. Wk, [FEHHMERLR. SeF

HFEES:

SEMSTEE. BREE. GERAERERER. INRSZHERNE. JHERIR
I8

BFMES:

EEMHSHT

NEFERShX:
BOPPPS R+ Bi1S-+iB IR AR T

SRt

=
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=
3

it

SA (B) (GHH) : 1. 50l PPT FR G HEFESSEMESHIXILL,
IFERE AT AT ENIRBNSHNAFE ST LURESNENNES
&, 2HMEAFERTENEESREE, N ECEREREESERIAE,

SHEFEERMURENRIEFNBRALE, 5IHATRNE—1TEIAR
&

00000000

Bix (0) (343%#) : LLPPT EXBBHFEI BIRNEK. BT IERE
S5 Z A BRI ER LR IEICERRI N E S,

Bl (P) (5 H#) : HNRIREFEXNEUESHHFESHERRE,
5| SFEMESS.

BilES S1EES

WWh T,

25%3 (P) (67 9%) :

(1) BEMZT: DA PPT FZZUEHEEMDHAIN, IEFESARITIC
IMIHEIRINEE L FHE S ZERIGIE. #TPEE, BAEEN DT
FEIEEHRIECEM. 5, 5|SFEREHRSEEETIENEES X,

g(t) = % C+ D ansin(2znft) + > bncos(27mft)
n=1 n=1
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_ 2" g(t)sinrnf)d
an_?jo g(t)sin(2zanft)dt

=
2 T

c== jo g(t)dt

> BFESESREESHIXRARRMTA?

Q AT 4AnILIBENEEEREFES?

O HFESSEIMESEE A MEXIZAITES?

2 T
bn == jo g(t)cos(2nnft)dt

[IREEE :
FZEBEEND, 5ISFEEFEINRENRRIHSREHEREIH

=

TrEsCEPETIER,. DIRMRIRIFEERS, BRKFERTREE. B

IERARR, BERITIEFHEREN. &=EIRT Sl

TANSWSE. FREERNFRINA, 5

Zatl=siuHa
Enabiliisy

FIEEH 2R SR,
RFERFRNGANRAYES,

(2) mEHMTEE. HREE. FERAEEER: YnHRRERTEE.
EREE, BERG|SFEHTHEEGIIG, BUFERTZRAMNEET

BRIREEEARE BN ESIER A EIERIEE
> REHTEE
O TR EERIRAICHIESR

O T BREERSLIRERRK

Max data rate = 2H log ,V  bits/sec

> EREHE
O BIEFEEERIRAITHIESR
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Q FRTEFE A
Max data rate = H log, (1+S/N) bits/sec

\7
=
Sl

Q HEHENX

QO &S S SmE Y NER
(3) BESREHEmNR: #AR, NS, FHESE, Y. BIPLATAIE
R, SEEfHELSUHRSIMERN R, EREESER T RNEREE
AR SEARIME IR,

> WA

Q #+. #E. CD. DVD &

O WKL UTP, STP

Q BN REIREE LS

Q XARE., =E5R. BT, S, EAaMNE

Q ALV

O ==EEE. SKREENEREE

Bl (P) (159%h) : FEAMRELSE 3 EUNERE, DaNHEREE.
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. JCATHIEIRRIE,

ESE o4 =T o
BHUFHLE R, S TE SR LN ML 30 N -
dB=10IgSIN. EISIN=1000, JIiZ {3 7S ﬁﬁﬂgﬁi‘fﬁﬁ*ﬁwﬁ?*ﬂﬂ%ﬁ?
RS SRR 0
ERIERR 14y

FEHBEEE )

QO umimfess. LTSRN MEEST
© wemfesig. LFAERRNIBEA
O oot LERAERENMBEST
© LimrrrsR. LS HERENIERES

B4 (S) (oM  HTRERENS. BEFIER, EREREH
eI, BREE. FERAERERR. XA ERFRE, mEREEREFE
WHBIHTRIENARE.
R Y3 -
1. BEMDHT: FBRSAERN RIERHFESHIECEM,
2. RENSFEE. &R MIREARNBERGEERSMEYEEITR
HUERAIRIIERE ;
3. AL REEE. SREERNER, XHER=Ex, Y12
[RIE,
SRR
EEREMORIG: RIS NMERFEIHE T BRI EEINREL,
BEMEd: 2-3, 2-42-5
SRS : NERESRERMNERSHERTRNEERRRIURRKNEES
.

Rt
1. B PIRR A E SIS SR SLAR BN ] ZERIXE.
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00000000

Harmonic number

|‘|I
128 %

2 harmonics

8 harmonics
| ‘ L1101,

11111111

2. BEFIERRASIETE. BREEOER.
— Nyquist 5& P (ol 5 {5 18):
— Maxi# % (b/s) = 2H log2V
— --H: bandwidth of a low-pass filter
—--V: discrete levels of a signal
— Shannon & H (B ¥ = (5 1H):
Maxi® & (b/s)= H logz (1+S/N)

3. IBIIR B CHERmAIIRIREE,
LB RN ke
> N /
A A AN /./V\/\ Vs
Silica 1 i ’ Light source
(a) (b)
I EISNNES TR

BETEENSHT, 5|SFEERFEIUSE R RIS EHREIFLIELHE
PETVE. SHERIIRIFEERF, BAFERTREE. BT REFIH TR
BIFTRYES, RHEL. KRBEUF.

HFERE:

AR FBIMERTR, SENFIEEERCEMUARN, FRTEIINEREF
SOEAESHE, WIEBENRUEEH, AR TS YIEEMY T TS
IMRFIFIAKNERZARNEENS, BT I1SFAESTEM, AEHHARE
ESTEEA,




HITHES | SFERROIERE, BTk, KUEFEBEM 1T JURRI 2
Rz,

SEEH-

> SEHH:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAHMEE (RIChR-58 5 i) #T
AiHhet, 2011,

2] WiHZ, BTG (56 8 h), BFREFITIHAR, 2021,

[3] [35] William, Stallings &, Ei§, KI5, BE, B4LIF1F, HiHC REUES
TEVIEE (581hR) [Data and Computer Communications Tenth Edition], BB
TlkHRRsE, 2015,

[4] 28, BHEERAZE DI, FAMRE. BIRERN. EFRT. 101RE,
BliR{At. SR, BFIJmhReE, 2021,

51 PiRE), KiEAME, MEREFEZEN, ARHBEBERF, 2019,

6] Z=EH, 306, BIEPE, ME, BUE, BIREESITEIMNG (B=mMW),

SREZKFIZKEB AL, 2020,

> MOOC/SPOC RIZ&IR:

1] HFEXZE MOOC & SPOC FI2: 2021 FitEHMLE (=)

https://www.icourse163.org/spoc/learn/SDU-1462809161

2] HEXRFE MOOC 5 R/RETIWAZ: IHETMNE (ExREmEE)
https://www.icourse163.org/course/HIT-154005

] FEKXRFE MOOC & mRARIWKXE: IHEINE (ExEmEE)
https://www.icoursel63.org/course/NJAU-1001752039

> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/William_1.html
https://book.jd.com/writer/Stallings_1.html
https://book.jd.com/writer/%E7%8E%8B%E6%B5%B7_1.html
https://book.jd.com/writer/%E5%BC%A0%E5%A8%9F_1.html
https://book.jd.com/writer/%E5%91%A8%E6%85%A7_1.html
https://book.jd.com/writer/%E8%B5%B5%E7%BA%A2%E5%AE%87_1.html
https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/writer/%E6%98%93%E5%93%A5_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTENRLE) FEHFE (Bt 5)

RIRE: R | OE
= S
2.6 1 FEASIARIER g | o 12

(2 259)
HFEFHER:

HRBER: FILNAREIERGNGN, MbREES, EHEEELN, T8ilE
SR, JLMIREzIRIRITL.

BENBEIR: FILAREIERGGEN, MbREES, BHEEELN, T8lE
SR, JLMIREzIRIRITL.

ERBR: BURERTERFIEF TECERS. BUSKRERMSRIZHER
HE(EEFERAEERT, SEMNBANSERRIIRIR,

HERE:

2.6 22 FASZHRFEIRRIZS

NRSREEIRR GRS, AR, EEEESIN, TEAMSRER, TR
A CRIRILE.

WFER:

VEEIRES T, ADSL, FL4FISKRER, ik

M

ZIKER, it

| HFEFERELE:

% | BOPPPS BRI+ HITIC HR IR AR

Ei;

g | B

i | BN (B) (5938 - 1LBUBLL PPT AR RALSORTESRE,
o | DIEEIR, BROARR, BREDRSR: 2HIPERFENTARER
i | RERSERXFRRIRE, SHEEINTRRENTA, SIHATRNS
i | T TEIRE,
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T2
W/’

&<\
\\\\ 4

b) ()

(@)

Bir (0) (3 2#) : LLPPT ABBHFEI BIAIENR, BARERRS

FHENRERRNEEEY,

Bl (P) (G#H#) : HHRIREFENBERFNERER, F3I55F
ERERIERGIERBMIS.

Intermediate
Telephone End Toll switching Toll End Telephone

office office office(s) office office
Lo A /N A Lo

O 572 = st 1C

Local Toll Vary high Toll Local
; bandwidth ;
loop connecting intertoll connecting loop
trunk n trunk
trunks

S25%3 (P) (67 9%) :

(1) ZAseElE: Zhll PPT FErUE A RIERAF I E R ARSI,
ADSL, LARF&AMER, 1A S BITeAtEEREE— B
BIMESHIRE. #NEEE, BRI R R HRAR AR

SSHIEHIRE.

k%8 0] 1[0 0/1 1 1|0 o0

£HES] [
HERTE) i N ST
srre T - !
sm 1+ttt ottt t
TER o 1 0 0 1 0 1 0 0
KR f

> HFESSERBESZENEIRXERMTA?
Q AT AL BEIEBEREFES?
Q AFASBENES?
[RIRAEE
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EERIFREREEN O, 5|1SFERFEBICESLRAYEE
BETSIG TRV IEIC N A3 S SEPRAY TAZ SRR,

010 101 101 011
B 1

(2) EHEELIN: ZTEBERIREES, EERFAMES, BER
5|SFEHTHEGIRN)IZ, BRRIIBEN BUA, BUFERESH
HISAIRAYEESD.

(@ —1 |—

000000000

(b) AN

VV\S

e
?;m_
S

>

W
o/ MNNN
L N
> HEJ RS AN SHEESNXRER
Q JUMEHIANAIENX
Q JURASI A AR
> R
Q0 SRR
0 SRR SHUR M RIX R
> QPSK, QAM-16, QAM-64, TCM
QO AHFEEzETER
QBRT, FNT, €T
[AREEE
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LB —ACEFIFRERRRIER Y 56Kbps, XMEUESEIERSHY
RERMA?

» 56kbps

* Telephone channel is 4000Hz wide
+ 8000 samples/sec
* 8 bits/sample (7 data + 1 control)

+ 7 bit*8000 = 56kbps

(3) ADSL: fE@miEE®ER, LTS5 MTHRaAXIFRYE, ADSL fnf. #
MEASCADE R AR S Ui ADSL B9k, ERCaAETITHETINS AR
VIHAREE M,

> FEXIFRXIS
Q E=E8E
o
0 ™MTHHR
0 EfrinE

To ISP
Telephone company end office

(3) TEAZRER: ip. HPMKRDSZRERUNSIERINERT
El.
> D ZHER
O ERTETAPROBEERTRRECHETE, MHEAIBEIA

=

1%
> HDERER
Q &R THEER ARES RS NIEE R, §1MRREE—
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FE R &G BrE TR EmEdE
> KD EZIRER
Q EBRTEANER
[AREEE
AMASEIRZARSEA? I IREKFOAGTARE
(4) z3Ha: HRERASHR, RN(RXIR, DHIIHE
> UM AT HIENFOXIEL, IIRERSEE
QO EBIRRHERS 5 EIRAINTE

Bl (P) (15 43%h) : FAMRESH 3 BUKEE, 23 E=.
DN S RERTEENS.
B 15

FYLITEA B8 CFERRSER L) 5 R Z T
#5494510Mbps,

1
4
© «r HEM I L 2B BRI S A3k, RITA ML, 19
AL AT R QAMIRIECR . 015 RERS 0B R 1
0 o i
o 600ms. B

A.12 kbps B.24 kbps C. 48 kbps D. 96 kbps

FISIREDERRIEEXFIR (ELE
H=10) .

B4 (S) (GHW)  HIRERERS. ZEFIER, ERBTDEGS

YANN\Yi

1., BIRRIIS ARG L, MEREREMNELHS I HTRRNRE.
R 3:

1 EHEGI: EE, R, R,
2. HRFTI\: EBESACHR, HITIRFIIRICALIR,

HEHiEE
Z SRR,

BEEk: 2-25, 2-18, 2-32
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Rt
1. B PIRBRE A E S MERIEIUE S ZERIRR.

0000000000000

(a) —‘

(b)

il
o AMAMIMAAANIMAN

72 \N 2 N2 NTa NN
\Ph h/‘ / /
2. BB ERANEER ADSL {FiEMNR(S S B E R EIELI(E .

IFEEEH=0:
EFIHEERRFIIFAIRNER, SEEPERAERBURAIRS, 7T
INRERERRUEEANZEY, BFEZEBNAREFECKERRERR.

HERRE:

AR ZFBIMERTR, SENFIEREECEMUARN, FITEIMNEREF
FHIZRHE, YIBEANRAYEES, iJ:?'EiAiR?EU7%’&“?’*!]%@%6513]??1%]‘
FIMNRENERIZARNEEMY, GETF5|SF4SLEM, NEIREESE
Ea,

SEEH:
> &EHH:
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[1] Andrew S.Tanenbaum, David J.Wetherall, i+ EHMZS (IR 5 hR) FU L
AbiHhigst, 2011,
[2] BIRZ, HTEIMNSE (5 8hR), BFREFIIWHRIE, 2021,

[3] [35] William, Stallings &, Fi8, 5KIg, BE, BLAFI1F, §iH1C REES
HENIEE (5881+hR) [Data and Computer Communications Tenth Edition], EEF

Tolihket, 2015,

[4] 25, EMERRZE DIl FRRFE. SIREERL. ZFRIT. 10 =2

AR, ST, BFIAHRE, 2021,

[5] FPIRE), KiEAM , NEZEFEER, ARBBESML, 2019,

[6] Z=MElH, $5R30¢C, BRI, Pk, BE, FUEBESIHTEIING (F=hR),

SREIZKFIZKEB AL, 2020,

> MOOC/SPOC B2 EIR:

[1] FEXKZE MOOC F4&: SPOC IFFE: 2021 FEITENIME (=)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEAZE MOOC F4: IARELIWASE: HENMNE (EFERIEE)
https://www.icourse163.org/course/HIT-154005

> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/William_1.html
https://book.jd.com/writer/Stallings_1.html
https://book.jd.com/writer/%E7%8E%8B%E6%B5%B7_1.html
https://book.jd.com/writer/%E5%BC%A0%E5%A8%9F_1.html
https://book.jd.com/writer/%E5%91%A8%E6%85%A7_1.html
https://book.jd.com/writer/%E8%B5%B5%E7%BA%A2%E5%AE%87_1.html
https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/writer/%E6%98%93%E5%93%A5_1.html
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https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTENRLE) FEHFE (it 6)

IR :

= IR IR RREE | EIOR (BERE)

3.1 HEERERITER

_|EmamEssat
3. HEER mhERa |
(2 Z20T)
K EFHER:

HERBR: BRiREUEERENMESERHIRS, e RRTTE, ZiaiEtH,
meElHl, BEREZIRE CRC,

BENBIR: BRFEBTFS. TIIBERIEEN. BFIWSHZZEAKAT
BE, MRKERERNFEIN A REESM,

KERBIR: BIAENYETIRIEE, BHFFEERRIHFWAERMENR,
Re/OERR, ESIEEETIHN, WEFE. BEAKRE. BFRAEN.

HERE:

3.1 BEERERITER

RFREERER RN EEIRM I ENERIRSS, RIS MNEESHAIR
R, WMAGARIRATE, MAGEREEmIaER, EnEElilsl, mEREHEH.
3.2 [LERE(HF

TSR, EARBERRITELIA.

HEES:
HURHEIRMEMBESBENXER, MANAFIRRSE, WANEREmeR, =i
EHEIE, SREREEALE,

HEMR:
TEIRTUARBERRITT BT,
# | HFEFERERE:
¥ | BOPPPS HFRI +HENRE +\HITIS+TRIRE
=
£ EF3 (50 3): FELZ FFIWMANNFIRMRE RN, NENREIEE
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g

=
3

it

A, FENEKITNeSFMAFIRRATTARIUER R,

NEnEAFMOOC
! * V &
BN RIRIRF & Il

SN\ o) : L ESMEEIANR, 51SFENREEFESE TS
FREEHTI8E, 2.LA PPT FZzUES BRI EMAI NS E 0 E L B
KR, 5|SFERFHAESERNERTRRE 0/ 1, RBURAIETEE
BRI TRB IAA 5

Sending machine Receiving machine
Packet Packet
A
Frame
Header | Payload field | Trailer Header | Payload field | Trailer

L J

Bix (353%) : LUPPT FZUBAAES BIFFIEK,

B (6 PH) | FEBXKL EEIZARREIEFIN, & NREZF
ARELSLEE, WEEHTN, THFENWWIFRFRNEERERE.
FENES RSN ERRSRINUA IR TR T/NETIE, INAR
x®EE, BRI,

EMB 55

{RAEREEIH A A RRIRAYILFR?

BEERERS (26 3%)

(1) BRFAEIERREANEERMIRIENEIRSS, EUETAYIERE
il. EEF—ENBARREWIEERITZIEER, FENETIESITA
IRRAYERE,
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Host 1 Host 2 Host 1 Host 2

> EHNENSYEEER
O AttrasEEIETFYIEER
Q 52 R R R A?

(2) FHREEIEREREDNFERIMNE, SIRRRESMESEZANXE.

Router
Data link Routing
layer process process

Data link
Frames Packets protocol
here here

[

Transmission
L|—I‘ine to a router
(3) MASAFIRRTT A FRITEGE, FUER, UER.

IFLAG‘ Header Payload field ’ Trailer ‘FLAG

(@}
Character count One character Original characters After stuffing

% il i e i
£ ey . [ Jplle] = [a ][] =]
@[s 1]2[3]4[5[6[7[8[9[s]o[1][2]3/4]5[6]8][7 8]0 0]1][2]3]
Frame 1 Frame 2 Frame 3 Frame 4
T s = GEE —F=EE]
;rmr A ||Esc | |FLag|| B —»‘ A ||Esc||Esc| Esc||FLag|| B
w[s1]2T3a[7[6]7[8[s]8]0 “|\2 s[4fs[e[a]7[8e]ol1]2]3] A ||esc |esc|| B | —=| a ||esc||esc| esc||esc|| 8
(b}

Frame 1 Frame 2 Nowa
(Wrong} character count

(@) 011011111111111111110010

(b) 011011111011111011111010010

f

Stuffed bits

(¢) 011011111111111111110010
HhEH=EMRERH, FRFELZ FFINER, RIELSERF
MifEHEERSEE,
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EBIERR 14

WA T R TA M i AT 2 2

T
O s0%
© 8%

— A EEE P B T IXRE s B ABESC
© 100% C ESC FLAG D, B ¥R A i A 1) 7 1545
O % ok, RS2 R A 42

HZI 14

i S E O R 2 L Ak R
01111011111001111110. ik, Zit
PLRFIR A 2 A Sk PR A IS R R A4
?

[EREEE :
1. EFHARIRBTS AR EARER?

— 5 |SFENESEREFIIHNTRA,
2. FMAERIEFFEAN, 1 lﬂﬁﬂaﬁl%t?El’\JB'UK?

—EFEEEEREIR, TMURTRAREER,

(4) %EE}:'EEQLWJ% SO SMHTRHRIBIED SMEERIDE, 1E5F
EE%DL/\EIEAEE\

Bit «“1” &-fK X,
Bit <07 {&-75 H X,
i A Ga-, K-
(5) ZEiEi=FiE: =,

(IBS | 8+4 |8+2+1 |8+2 [8+1|23=8 [4+42+1 | 4+2 |4+1 | 22=4 | 2+1 | 2'=2 | 2°=1

#SEEFS H |H12 | H11 [H10| H9 | H8 H7 H6 | H5 | H4 | H3 | H2 H1

#iEfID D7 | D6 | D5 | D4 | P4 D3 |D2 |D1| P3 (DO | P2 | P1
BIeA P

P1=D0¢D16D3¢D4¢D6 P2=D04D2¢D3¢D5¢D6 P3=D19D2¢D3¢D7 P4=D4¢D54D64D7

[)RE R
1. BRERRT LS EFHLMIE LA HEE?
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2. WMEIESCEERART, (EZ AT LAGINSMEE R EHIE?
— ARG, FRRE,

(6) CRC fEIRTTRIBGERITE.

ame: 1101011111
Genera tor: 10011
1100001 110 = Quotient (thrown away)
1 I| 1 I| ? 0 0 0 =— Frame with four zeros appended

o —~ ---

0
1
1
1
0
0
0
0

o -
[

oo|o ol o|- ~=
[

0
0

o=
o=

co
o=
o=
o=

o -
o=

o=

oo

1 0 =— Remainder

Bl (59%) EARMRESEH 4 BUNER, WidlF>EHBRI%ER.
YT CRC XAPMERIRR, SHWEARRENEE, WlFENFI™
.

1EZSE
EHFW 34

{E5 VL1 P R SR AE 1 60 AR . i )

1, % 20 Bkl A G B ITHHE]C1101001100110101, eaih

e TR0 24 1 LA L it 2 EHRILLAFRTL. RSB ERREPEER

TIERHE,
BHSE 14 B 14

Wt 4 4101110101, CRC T 464 XT+x5+ 11 Z IR G+, = al {d F
K54, ERETRG =110101, +H CRCFfIRE2 £ (T H k|
S 1 ot BER .

24 (69 HWIRERERNE. BaFIER, ERBTEMATEFIR

B, CRCIE, HERREETRLFHSIHTRRIIRE.
FHR U4 -
1. MRBASFARRTTIA: FAATEGE, FHESR, (iHRE, YIERRESES)
i%e
2. CRCIHE: FYARSERIREERITE.

MEAHIE :
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1. JLApiub RymR s AN E a{E .
2. CRC IEHitE.,

BEMEN: 3-7, 3-14, 3-15
BEW: QISR Umagn RERR G E?

tRBi%it:
3. MASAFHRRT L, BT, 5|54 BEME S RIEIREIRERIE,
R WEAMNBRIRITE, 1ZAARBIMASAGR,

‘FLAGIH adler Payload field ‘Traﬂer |FLAG§
(a}
Character c t4\ One racter  Original characters After stuffing
£ : LN FLAG —_— A ESC | [FLAG B
@[s 1]2/8[4]5[6][7]8]e]elo[1]2]3]4][s]6 8]7 8]s 011\2
——-

—— .
Frame 1 Frame 2 Frame 3 Frame 4
s 5 s 8 harcien ESC — | A |[|esc||esc|| B
; ESC | |FLAG ESC | |ESC | | ESC | |FLAG
w5 1]2]38]a]7][6][7[8]9]8]0 1‘|\2 3[4]s[e]a[7]8]e]ol[1]2]3] esc | | ese esc | lesc || esel | ese

Frame 1 F Now

)

g character

a)011011111111111111110010

(b) 011011111011111011111010010

f

Stuffed bits
(¢) 011011111111111111110010
4. HINEER EFLEE CRCIHHEERE, FRFENGFRIFIRATEARR
SEAMHSE—22A ’UEI’JTTM

111

o =
- o

1
100001 110 = Quotient (thrown away)
111110 00 0= Frame with four zeros appended

oo oo

o

o
ST
— o=

oo
oo

=N=}
oo
oo

oo
oo

oo
oo

0
1
1
0

1 0 =— Remainder

Transmittedframe: 1 1 0 1 011 1 1 1 0 0 1 0 =— Frame with four zeros appended
minus remainder

FERHEMN:

4. BIIETEINMETLRIRHER, BARFEEROHFERAERNMEN, BRE0
=, BEEIEMtbE RN, WEEFTE. SMAKE. FRRAW,
5 5 I)\éﬂl?&%ﬁﬂ%)%&%iﬁéﬁ@ﬁﬁ?ﬁjﬁutl:.'%*t, EFEAER CBATRERHIE
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8. R BWIHRNER, IHRFEEED, BAROEEREEN, LUIRFRY
DIEERRRIBEHK.

HEFERE:

AR FEIMEAR. BEHFIREEmOBRARK, ol E@dLfl,
S FERRREIFLRE, RS TRIFISEENR. REOREHIRIIREYS, MR
BICETEHRERES, ERMRNEMEAFELREIRFITER.

BT EIHERE, FEAETHEMIMEAENFEEGNR, FENTEHHREERIS
07, R INE R B RN RN L.

SEZH

> 2EFHHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, 1+EHMZE (SIChR-35 5 hR) AT
AViHhRFE, 2011,

[2] W&, TTETIMEE (5 8 hk), BFEFIIHRME, 2021,

[3] James, F.Kurose, Keith, W.Ross, ITEHINES: BIAE NEiAGRNR-FE 7
hR), MM HhR4t, 2018,

[4] FiX, FRNBRITEMES [Computer Network Technologies in Depth] , FRE

IKF7KEB HRRAL, 2017,

[5] FiRE), KiFAM , MEZEFERR, ARHBELAMRFL, 2019,

[6] Z=fElH, $530¢C, BB, apEk, BUE, FUEBESIHETING (F=hR),

SREZKFZKEB HhiRE, 2020,

> MOOC/SPOC iRFEEIE :

[1] FEXZE MOOC F&: SPOCIRFE: 2021 FitEHMLE (Z5)

https://www.icoursel63.org/spoc/learn/SDU-1462809161

[2] FREKXZE MOOC & IBREITIKE: itEHMNE (EFRERIFRE)
https://www.icourse163.org/course/HIT-154005

[3] FEXE MOOC F£&: mREAWKE: tEVNE (ExREmFE)
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https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
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https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

https://www.icourse163.org/course/NJAU-1001752039
> MIT ATHREIR:
6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTENRLE) FEHFE (B 7)

Eﬁf?=\ FREAR | IR

= R

3.3 g?:%f?&%\ﬂ%)%’rﬂiﬁi — EAEE 12
3.4 BEIEOMY < (2 20)

2 EIFEER:

HERBR: ZIEIERRE TIHY. E-FAIBIREEEERMNY, —( 0850
BOMmY, [FIB N MUAIERMEES MY,

BENBR: BYEAUERRENINESIEOMY, BFRFEBEFI. £5)
BERRES]. BEZFINMSHELZARNEE, ARKERERFEINARE
ETERL,

EEBR: YR BEVNBERETHEL, B ZEIFNFEEET
W, BLTFE, BEERNETEAZERIRIR,

HEARAS:

3.3 EARZUERERE EMY

FAEPEIR B TN, SIEHY. E-FhFIBIREEEERIMNY.
3.4 8EhEONMY

—(LBINBEOMY, JFIB N WMYAEREES Y.

HEES:
B EEAY, BIEOMY, BB N thilFIEFRMES MY, BEirimA

FH#AE
AN YIATRY. )

e Tt
R RS R Y (TR ST,

y | BEFBEEE:

s |BOPPPS HFEN S HF A aE+FRE

L it

B g (B) (a4 : HTRLEE, MEEREESEEHTE, T
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i3

=
3

it

BITEES R EDINER RN AT EE, REBBEHIUEEIFERIR
wIENS5E,

IR RE R RO 2 i

Bix (0) (49%) : HWHEAATIRIIFIBIFNEK, EETED
R EM A S EmLA N BT IS O LR ST .

B (P) (599 : HUTHROREAHEIRMIRICHITIRRIER, T
SRS T RIS, |MERSH; 2 SURMIHE, 3 AUBMEX;
ATPANESR,

=3
PR
A B A B A A
?—_ DAT, e
>+% A D fT rT
1= ouf’ out,
ol e ;
RV S Sl I i
7] % |_xoK) %
= =R
i8] # #
(a) IEEMITER (b) izt & (c) BriEmiE s (d) FIAMIE

&53%3 () (749h) :

(1) TPRHEAIER TN (SFEFBIMNY) « HMEIASRIREY, LAIRFMERT
PMMEEIANE . BARIKRMS TN, LRRMEHArI g F X
RUTY, (BRI AEABRERINAIATFR, BLRFAYISEFRAYR
], (S EEATSERRMN IR,
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AR

e A RE Gy

YL A3 5 2 0 A3 43 1 KR R AR AR & ol
CEASIDES =% 1

4k 29w ) 2w

G RER L% K

v

YV OV ¥V

> OERAARARRLE (RAML) BB, GBI B

R THMYAERFSEI, D AREFHRETS RintRIRRE:, 2R
MHWRBZIER, FEET 2-3 DHWEEREEAER. AIBImRER
NRR, BFEEHRZER, BIIFEENBENRESSIEE,

(AR BRE :

1. IZFRF A LR E RIS ?

1R RN,

2. ZRBF—BIElT, FEMHAKMHAREELLE?
AR EFEA.

(2) BTHYE-FEthil: BMBEEAAES | SFAE BT, N5
FEE—EI LIRS ERE = BRR X MRIR &Y, ERFRN
IZIMAERL, WIS | HHEE AR,

- PAFFL R K AE
U BTG E— B IR (FREAER
A, BT E M RITER K. // stop-and-wait
> W] 38 G I 5 RO I 0%, HER RSO 1B
P ERWOT RIE N WA, 88 RN A T RIE TR — 1l
(AR
1. SEBRARIE S e LAKRIE F— 7 ?
IEFFEIDIERUHEREN.,
2. REANEKRAEFREMITRIERDIZHA? BHEMAIZH
HE?
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ISR B ERE N,

(3) BFFEEENRIINY: HF5|ISFERETEEREEET, FEH
REER. HBARHAMERAIATEEM, SERER TE-FimNEAL EXEIN
— RS RRRERIX Y a7

A B A B A B
\ \

| DATA0] it DATAGY DATA0 ]|
| RKD fT . tT RO
— K out ouf CH!

% DaTag] % Darao % Daragl
Al A0 A0
'ﬁ?\\_‘ ﬁ:\f_‘_-—- %‘\Ex%
Ok % | —ACK) & L —rCK) %
e = =k

# i

5| HFFISEERIVENE, LIRFFISUEENER. Wl REIFHNE
R, FEVREMABEERAEN, HNFEESISFENEFREBAINE
M REERER, BRFELRFAXR.
IZIEFIRITRYEIRZ AT X T HIBRIEIEM B MIEKERE, XX
EREEBRERIER, YINERD&IEFS MER, FX2EMEIE—R=, B
SRz RIEIEREZEE.
(4) IRSTMNIRR: BIREATRZAINAS, BPMRSHERAY
“what” RYBIRE, TIEMMARREVE "how” RUMIRE, RS SIMNZAINXER,
IR el ENSERXRITHRIER.

Layerk + 1 Layerk + 1

Service provided by layer k

0co
Layorl: |t es asmarasmm et Sl e s s »| Layerk

Layerk - 1 Layerk - 1

[)REEE
1. RBEEEAENN, BXMNT Java BIHA?
2. tMNEKFEABE, METERAMNMET, BT Java AIHERER

57

ISR SIS AAIRAES].

51 / 207




(5) BEIEOMY: #EHEHA, NITMNAIREIIHRKED ., HHERAR
LU MR ERRREE, BNS|SFERBWARITIHTIA, 127558
iR, ST 2R RATRA0.
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HAZ, EIFEESINRN IEEREEESN, BERREFImIT T
W RB=ERNEX, UINRESEEHEmMIIEKX., i, RitfmAEE
BERFEEHS )\i#%’iﬂ’]%ﬂi,\,m

'\@\_\> SR a8

Error Frames discarded by data link layer

Time

(a)

R 3RaA35285
AR

Error Frames buffered by data link layer

Bl (P) (7543%) : EAMRESH 2 BUHEE, o3KEENS
ERMEEINY, URGERIHBARISGSEA.

AR 14

B ke 7R A IEENT (GBND s, Jaik sy
S AE T Hi 5 N0~THINT. 4 vHi) 350w,
FoRiE A RIEI0. 20 35 WRTEA, WAE A
W E R G O ) .
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© BEE 14
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Q: SIEN SR E S TS S
O s XEIET

B4 (8): (5 oth) HIREREANS. BEFIER, ERSIEHMY,
BTESFMY, BREEENREIMY, —(LE8mE0OMmY, FIE N S5ik
EUESMY, LIRRITHEA, mEREFL.
R 3N:
1. BIEHY: MBS RIEER. AR, (BEEHE
INEZ-IMNAITIN R,
2. BTIEEFMNY: KEHFESHREGIESAERET—M, R
IR A BRIETT IR,
3. BIFFEENRTMN: RAEER, BERSEFIINN, FTEIE
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M5 SHIERSNESM,

4. —(iBshEOMNY: SN TN, BREWAS,

5. JRIR N SiEFtESIY: RIEEEFNER, BERSEEEEET
BEZMREOTEPZERIAEE, RKERIHRARNA.

MESRIE -

1. BIEFREENRIINY: AeeERET G InAY s DR,

2. Bt B ASRMZMEAR E 2 BIBIIERH IERRIZRIL.

BEE: 3-21, 3-29
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SERTFIRR, ABAHTESREERINSERM 7T LUGERIEAE,

HERB:

AR FERMEAR. BB NMERERCBERUAN, EREFEFEE
BRI ENIINE T RAESAR, HREIREPEEZEERRE, NETE, BE
REEAN, RNFEBHIEESES, ETIERADRERNS, EITieanaH

R, BHRRESS, SIMFERERNE, BEARBCHIMES, MBS
5 H751E.,
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> 2&HH:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAIMEE (IR 5 ) K
TkHkRet, 2011,

[2] BiF{=, TTENMNE (F8h), BFEFIIHRI, 2021,
[3] James, F.Kurose, Keith, W.Ross, T &ML : BIRMA T GECRXMR-ZE 7 i),
U Tl kst 2018,

[4] FiX, FRAIEFEITENMEE [Computer Network Technologies in Depth] , #[E

IKRZKEB HERRAL, 2017,

[5] FiRE), RiFEAME , MIZEFERRY, ARHFEELARME, 2019,

[6] Z=MEIH, 3050, BRIEME, Spidis, BE, FURBESITEIING (B=hR),

SREZKFIZKEB AL, 2020,

> MOOC/SPOC RIE&IR:

[1] FEAS MOOC & SPOC IFFE: 2021 FITEHNGE ()
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[2] FEXRZE MOOC & I/RETWARE: IHEINNE (BRERFRE)
https://www.icoursel63.org/course/HIT-154005
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6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTENRLE) FEHFE (it 8)

mRER: RRAR | BioR
FENRIGEESFE

4.1 %ié\é:\iﬁal‘ﬂ%ﬁ . — BAEE34T
4.2 SZERIHIEIEEINY > (2 Z20)
HFEIrEXK:

fHRBR: ZIFEFSNSEESDBCRES, ALOHA, CSMA, FosFTEIMY,
BIR=SF Y.

BENBIR: BFSHISEERTRE, o AXHERUARII— T RAGEN 7%
[EE&T], SSEFIML. PRERERER TS OEN=RIHE EIEEH
S ENEENRR. SHRESRESTFFENRFRRSRFLN, TR
PERIRAIIFAENEREBANEENE.

EEBIR: BISMESEERFREE, S5 FRE, FEERREINMIER
IUEINE SRR, FEENIREARECHINE, BFECHSR, &
FECHALERR, EMEBEER—MEEENIEENBERIAL.

HFEAS:

4.1 (SES BRI

NRBEEHFEIER, #SEENRURFENRR, IS EEDHRIZ.
4.2 ZEEEEIEHIN

SBITFNESE ALOHA, 1-1R55, JFIRE;. p-IBKF CSMA, ToHsRTGEIY, BIR
L0 SN

HFES:

BHSEEDEUNRGENER, SIFIES ALOHA, 1-1B4E, JEREE. p-IBiF
CSMA, FTHsENY, BIRZFMY.

HFMS:

= CSMA,
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HEFREHE:
BOPPPS H AR SEHINEF L+ D EITICITICFIRE

BFgit:

SN (B) (Go#h) : HmRHiEE, HEEREEE L HEE, et
MZAFPHREGEE, XBEATH. XBIEANEZENRRIEINSS
M,

., BaGARERE

@ A et .
Eu.*:'gif:;f;lm/ @ﬁ\ @1 5272
~\ n A6

. ;/V/ \\\ // 71\
< o> BB G
o ', L =~ FHHHHHHHR
é o ﬁ ki L

N S R ¥
BB G2 ST ! X | | 25T
3 3

whr <20 { @L ! S 25
\\\1/ @ [\;:_?\\\\*ﬂﬁjﬁz @

BiF (0) (498 : BIHHAKRESS BHFNESR, ST
N2 == T or=1:-]

Bl (P) (54#h) : HNRHEM, RIEFIEMFHNFEFSEEDBCRES
(BfED. MRS ZRER), Wit SoECRISAIRG, EEE
FTH, LISSERE 6. SPAMNRANERFHSH IR, sILAMERE
RTINS BORIE? WIHFEEX TS o B RISHIIERARIEE.,

Trom= NT

s5:%3 (p) (74 93%) -
(1) shSEESEREA MR WEE, BEERIR, HRRIR, &L

[ERETIE], Hs/AFIPSRIR
Five key assumptions ( S“PCEEE 1) -

1. Station model C34#E7%Y)

* N independent stations, the frame be generated

4a.Continuous time (FELLIN[A])
—  Frame transmission can begin at any instant.

4b. Slotted time (/318K 6], Discrete Time)

waiting for transmittal until the frame has been — Frame transmissions always begin at the start of a slot.A
successfully transmitted slot may contain 0,1,or more frames
5a.Carrier sense CHGMINT . BB B )
. B IR S T L . . P :
2. Single channel model (B IE{R ) — Stations can tell if the channel is in use before trying to
= A single channel is available for all communication use it
5b.No carrier sense (JEH I T )
e . Sy .
3. Collision assumption ({8 %) —  Only later can they determine whether or not the

« A collided frame must be transmitted again later transmission was successful

XEMRIRRINSEES B RIBRIBIRRIR, FEFERTIERENE
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B, NREFIHrmEE, HTrREREAZRSS, EEESR2E
HINATICH VIR IR,

IEI%EE%'
SGRIEAIET R 735(3‘_LEI’JWA1‘EE
2. BGRERIrAN FER T ;J%Uii-ﬁﬁﬁﬂzﬁ'/éxiﬁ%?
REFEA.

(2) ALOHA (EZFNERETE) . HmEEEAEES I SFEEEI T
A, IR "SRl AXeAEE, —MNGARIERIIAYLERAE? Ed
B AR RRLINAY, WRLLEARKINAN? WREBIRESHKINER, BHAD
R?

User
A 1 [
B ]
B ] ] ]
D 1 ] ] (.
E [ ] ] ]
Time —»
[IREEE
1. MAYRIEEFTE EEI)P
EUERE
2. EENFIELSERTE ALOHA EI’J/EIchfL Hﬁ: Vallys=2 Jc:?
R EdERe

|| |

i Collides with Collides with
the start of I the end of
the shaded | the shaded

frame ! frame

1 1
t to+ t to+ 2t to+ 3t Time —

<— Vulnerable 4>|
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R EGFIEESRTIA) ALOHA RIF AL ELURSERI A,

Q

£

()] -

£ L~ I ‘ Slotted ALOHA: S = Ge™@

< 080 1

()] |

& |

3 020 =__/_ |

e 1 |

()] |

3 0.10 - | 1 Pure ALOHA: S = Ge™2@

£ | |

73 ! l | |
0 0.5 1.0 1.5 2.0 3.0

G (attempts per packet time)

(3) CSMA: "SElffaid” BORBUR, 1-U2%5, JFURER. p-U2FF CSMA, &
CSMA BEIESEZRFCAIENIE. ALOHA 5 CSMA ERFEITESHER
Xt BEREER N RREHFEN.

1.0
0.9
0.8
$ o7
3 06
8 os
2

B 04
2

3 03

£ 02

0.1

0.01-persistent CSMA

Nonpersistent CSMA

0.1-persistent CSMA

t time)

0.5-persistent
4~ CSMA

Slotted
ALOHA

1-persistent
Pure “+~CSMA
»~ALOHA

C.T & & & T E T 1

0 | | | ! | |
0 1 2 3 4 5 6 7 8 9
G (attempts per packet time)

A5 |1SFEBEARE p BUEXSTEIERIFNN. ALOHA REUEFE
B, "BiREin, FHETEMRIE. CSMA XA "SR, R b,
RIEEAEGE, WEERAIX, B2 p BISEEETSH, HrAEEEA
*. XERMETEES.

BEZENEERIMY T, BERARERILLAIE , SErF R
S, X5EFHN A" BFRESR—. EFAN, FEFHE, 2=E
HRiF, IETURENTIRENGH, Z RSN EAEILE,

(4) THHBIEERIRER: SEHPRIRATHHEEHREE ERER
BRI RAVEESEE. WEEANRLEESFENEHEL, FEEERE
1ZH AR,
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BT Eltime backoff = 2t - r
SHEAIBEATEN : 20 (A4 )
SERNEG , r={0, 1}
SERPREF, r={0,1,2, 3}
SEi<10PzefF , r={0,1, 2, .., 2-1}
10z, r={0,1, 2, .., 1023}
SE|IORPRG |, REXW , IRELE

[REEE :

1. THHESEREEINRENA?

2. ZEEEHNA hs_uR'FE?ﬁH: \%’q’:/EFae?

tREE FAAIREES.

HnER : “HEESEREEER T NBRENZMWIER. XL,
FRERHENZMEESRERNGX, THEBEHERREEZNNAELR
IBESZERISYEES RERIAR/NERRER T, EEERERER e

B RIS,
(5) ZomsAE: RAMELL, BMLRERHIFREABIEE
KIX, TEREHATCIPSH N RIEEE.

Frames
8 Contention slots 8 Contention slots 14

01234 67 0%23456? 012345 6?

DI[H]I[DI

Inflmﬁ.?i‘%.

1. FosE Z AR, RINEHA?

2. EIMEH ABER?
(6) BIR=FMY, & %I£$D%R%E,nmi§§, KRB SR LEFE
BEH FAERAYE,
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EARRR 15

CACK A B i rp A — i e S R T,
XAEIEIRE R )

O sy 1EZSE oo

© st R R
: : . (ERBIREFMY, BEREETRA
1T R T SR e g .

© ERERIRA (112

© etertR TAL R I MYNEEIRS . "k, P&

B4 (S): 57 HWhRERERND. BEFIER, ERSIEHIMNY,
BTEEMY, BEEEENEIIMNY, —famEOMm, EB N 5ik
EMESY, URRIHHA, HEREFIL.

LR =34 -

1. BNMEENBARFERNER : (S8 ETIRE, TTiASDH.
IERR IR,

2. ALOHA: &FR "Foiifalt”, Ee— N ihkBEmERIXaEE Al
RiE, ERPRIVERES, HPELAYE ALOHA ST ERATE
ALOHA,

3. 1-UR%%F JEIR$E. p-IREF CSMA: FEEENTFIS R REA R
£, WTHEEEHERFIME.

4. TSN EIY : LARBRERAMNIREUPS LRI TEE,

5. BIREHNN: BRI RALERE BRENXAEEE, &
BRMIZE, RIERMEIERNE.

RRIE
1. = CSMA : RSB R BT FrRE A RS THEEF FIZRAYS,
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I, LARIMElANX LR CSMA,
2. P-'2F5 CSMA: p BUEARRE, WFEITEAIFNMN,

BEEN: 4-3, 4-4, 4-5

Rt
1. ALOHA Hs&fEIGHARNIARE, RSFESIANNNSEEIRERN | EaF 3 2
B, ?&Uﬂigﬁﬁﬂiﬁ?; |§$—.¢.@%?ﬂ4‘l‘ﬁ% 2 (iR

| ]

] 1
I Collides with Collides with |
the start of the end of ]

the shaded the shaded |
frame frame |

1 | ! i
t, trt t+ 2t t+ 3t Time —»

|<; Vulnerable 4’|

2. Fois EMN AN A BRRASCIL 7o h e & .

Frames
HC(m tention slols 8(’mlenlm slots 14

01234 67 01234 GH 012345 b:’

Dl[ﬂ]ﬂ]l

ﬁ&%ﬂziﬂ'

B KipaEHmY T, BEXEREELLAE , EENF RS,
XE5EEFH "M BEERESR—. EFAAN, FEIFH, EENRER. EX
KEU YIRS, A (EREIARF G,

HERB:

ADRNBEFEEIRMERIR. SENNEREACSBERAK, BEREFEFEEXIH
SMEEDERIEE TRZBVAIR, HRIEPLSESZARRE, NEITE, fEl
REELHN, KIMFERHIEEEP, LIS EFREDERERNS, EITCanaR

BRI, BHRRESS, SIMFERERNE, BEARBCHIMES, MBS
EREEyApAICIN
SEFRL
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> &EHPH:

[1] Andrew S.Tanenbaum, David J.Wetherall, I+ &ML (FE3HR-5E 5 AR) HU
TubiHhRsE, 2011,

2] WIS, BTN (55 8 k), BFEBEFITIHRMT, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BIRE N EECRXMR-5E 7 hR),
ALl HARE, 2018,

[4] FiX, FRNIBFEITENIMNES [Computer Network Technologies in Depth] , #[E
IKRZKEB HBRRFL, 2017,
51 FPiRE), KiFAMgE, MBS EFEZRN, ARHELML, 2019,
6] Z=ABIH, 306, BRI, M5, BUE, FIRBESITEINEG (F5=hR),
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> MOOC/SPOC IRFEEIR:
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2] FEKXFE MOOC ¥a: BRELWAZE: IHEINE (ERIEmRE)
https://www.icourse163.org/course/HIT-154005
3] FEAZFE MOOC ¥a&a: mREAWARE: HETNG (ExRGEmEE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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\ SEE 12T
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(2 Z0Y)
Y EIFRER:

HHRBR: fHELIKWMYIER, LKA BAERESFEDY, LAKKIE-E, 32
HREULAKRY, RIRLAKRY, FIELAKK,

BENBR: BELIAK, BARFETERIRMIESCKEE, eBAITRENINS
EH TR IRB AR, FRERS A RIIEPBERRATRIE. R, REFSE.
ERBR: BEEAXMHSRIFEERESF. o5 ER, e TiEsLiPIEEHT
BT IEe, BIT=E.

HEARR:

4.3 LAKK

LUK BRGIEEHEIF RN, LOKKMERE, ASHEZULAKRK, BUELAKK, FIk
AR,

HFEES:

AR BRiAIaE S F R

HEMES

EDEMETERID, 802.3 Y,

| BEFEREHE:

% | BOPPPS #FR +/ NAWHT+FIRE

g

i gt

g |SA (B) (G ¢ MELKRERAIATEA S, Bob Metcalfe 2—ME
1= RABER, RREELZBRAY, BT ABLUIKMNRARS, LAKK
8 HRITF A REAFHEAIEERE (BFF Xerox €170 3Com), BRIARILUE
|7 AR ZERIGE,
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RIS ERILEZ TR "RARAF AR R BRI B— M EEERT
ik sE =18

1973 Bob Metcalfe writes memo 2 \
[ Motcatte tounes scom \gp \’
» MetcalfeBFiETFoeodl}  » IEEERAIUARNESIRE 2 IEEER % 1 10Base5 L
a)  Bob Metcalfeiltil (f7E 4145 19 » MetcalfefiDavid Boggs & TR 3Com, BZF, fhRE WESR, FRRRORAEESRNLL KA bRAE, WFRRLEA
3Mbps bl KGRI % 3k CLUAR): Attt EHUmES T 10MbpsLUKRIAHTAE, ARBL T SRS ACHEIA0 PNT
B MR thFRRDIXIRAE LANSZAR

> |EEERGET 100MbpsLAKK > FJkLUKRIFE1000Base-T > 20014, HIKLKMAMRE
Rt [ERFRATRELIAR EGm AUFERFTRaEI, Rt
#E20026F5R18iEIS

> Kalpanafftt 75 —&LIK > |EEESUET Cat-3T04%4E » |EEEfU#E10BaseFtRtE,
PIZEIRH, REZERT R 10Base-TLALKR, fRERAEH BPHURPORTRBATEET L
FsELeas LANZBBEAREEE KRR (Fast Ethernet)

ETHERNET SPEEDS

T v~ 1.6THE
400GbE v._.#BO0GDE
400G Q—
100G0E L bonGbE
o 100G '
< O.I,suehs
g 40 ey awe O |
g 10G 1 O 5GbE B
Q GbE 2.5GhE
| & o}
100Mb/s
= Ethernet
5 100M oouns —
Ethernet
10M +—@

1980 1990 2000 2010 2020 2030
Standard Completed

s

O Ethernet Speed  { _; Possible Future Speed

ethernet alliance

Bix (0) (494 : HHHRATIRIFEIBIFNEK, EELIKMLL
K 802.3 N TEMLSHRIEE(FA.

Bl (P) (5#3#) : ATAXLHFRERM, WNFENST MAC sk

T EEE.
I HEA 35

MACHBHEDBIY [(5557] B [1R22) , B—
A~ [1R523] frRSttett,
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s5x%3 (P) (749%) .

(1) MAC ERVEEAIE: HMEAREREMNF, Bt AR AYIIE
ik, 8¢ MAC #btlt, MAC HBHERIRFEIE Network Interface Card(f{-<, NIC)
B AENBERENIEERERES, SETPEIESRREIENN, B—
feth 2 PkE—RY, 802 fRERMRAY "t FEARHIHN S 25— ubhY

"BF" BINRRT. BETAREERESIB TEIXF 48bit B "BF" R
A3 Ui, FRLAARPERAXMIRAE, REXMHEFANTE. B
& cmd B ipconfig/all S LA LIEEHE CSHI MAC HEllE,

£13% F6FH

7SI TR A EUL4S ik : | AC-DE-48-00-00 \ﬂ

ZHERISRTRRD EUL4S dtk: .
— HASHE—RER OUl ———— ¥ RAREH

sooe FUNF B 2 ®3 | B4 BS  H6
( goo e o ALEER kr}lm 10011011110 p1001000 imw{mtm:\cmn(umtml]‘nc}mmm"
~— L 1]
RS REG ) 3 mEfl IR
Wk VGEHE | BiELE

_ FEERF ®m1 #m2  #3  #4  ®s  #e

4 73 L g i |
[ B023 AR (e A |um 10101]01111011 ‘uemlm\u|uunnmmw|nnnmﬂ(:(u)|ninnnmm| ‘
b + 4

-\1\_:)2:’{/-
—— %1&1; %J.a.-m B BEh
UGEHH  mki RIE% &

IEHERR T EEERIR NG L, EIEBRmIRI-SFOMmMEG T
ik,

1A-24-F6-54-1B-0E 00-00-A2-A4-2C-02

% ph 25
WJ J 'RJ

— é —_—
20-60-8C-C7-75-2A || 08-00-20-47-1F-E4 20-60-8C-11-D2-F6

(2) AKMTnELE, STHESIBMRIEY, BREAKE, SRUE
I REE, LURIA.
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Name Cable Max. seg. | Nodes/seg. Advantages
10Base5 | Thick coax 500 m 100 Original cable; now obsolete
10Base2 | Thin coax 185 m 30 No hub needed
10Base-T | Twisted pair 100m 1024 Cheapest system
10Base-F | Fiber optics | 2000 m 1024 Best between buildings

(3) LUARIIEINGG: St BFME, R, MDE. GBS
EH’nu*D /Bo

\T; A B c D
(a) (b) (¢) (d)
(4) SAVEFRD : BT 5551—7—1 SENRE ﬁﬂﬁﬁ%ﬁﬁ%ﬂﬁ > EATHT R,
Bit stream 1 0 0 1 1

Binary encoding

Manchester encoding —|__|_J_
JERERE -

\ Transition here \ Lack of transition here

indicates a 0 indicates a 1

Differential
Manchester encoding

[ L LT L
L [ ]

AERE:
1. EMISHBIRENTMRE?
2. EMETEHRIBIIED EMIS RIS ASE SR ERSEGIE?
EFRFESSERAMRIR S RIERE
EESMERERET, 8—APEE—BEEE, MEPIEUE’\JEJE&:EEH’EH?%EF%
S, XEUEES. B FBREaERSESIMTHRIENESESIR
E[EEEEk8E S SR sk TnER, XZIREEN.
S ETEBRARRENEE, FrLASEEHEEREGEHIERERERN
1/2,
(5) LAKM#RAE: DIX Ethernet V2 2HF EE—NBEMA=amE (LLKK)
B9RILY, 5— MR [EEE 89 802.3 .
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DIX Ethernet V2 #AES IEEE B 802.3 tERBME/INGER, FitLa
LU 802.3 BiEMEFRA "LAKK" .
PRk, "LAKM" NZHZ2IERTE DIX Ethernet V2 FRERYE1EM,

Bytes 8 6 6 2 0-1500 0-46 4
[{d
p2)
Destination| Source Check-
(a) Preamble adéitass address Type D(a(ta Pad =
S $S
Destination| Source Check-
(b) Preamble g . e Length Data Pad s

(4
b}

(6) LAKM V2 By MAC Mz,

LR EAYIRE RS 131078 /Y,
MAC FEAIFERENZIRZESENT 1310 14,

FCS Ff 4 F1

—
| P20, | Y

T 6 6 2 ' 46 ~ L\iﬁ\lﬁ\\_‘ P

B v2 . . . :

MAC fif == [ Hlhl | diihl | A oo FCs|  Mac /2
| MAC fhif | R

HBEFERAKE T 46 F158,
BB FERAEEMA B FHREE TR,
EURIELAKR IR MAC WHEA T 64 FHi.

(7) LAKMEIMHS, #h5|1SFEREF @A sERIE— M EEIERE
TEERIERN. LUNETIE, ARASEMFESSHIERKEL,
LIMRIEFZEDTER, ERLIAMEYIR2)imBRITE 20 FRAAFAEE,
BilEEO. SUFRHXERNERSERNZERTE, TEEEXRKRIE
AR ERE.,

1 km B
t= (B % ]
~vs B RREHIE
St /L/ﬁ
e = Ld < t=1-8
(AR TBI B BT =
te2e_5 Ve BRAEELHE) | Timneim
) . - e R -
A HE
itz B

RIEHAE

t=1
. —£ R HlE
t=1
B | B HIE|% R
R ik %
t=21-8
A i)

R ETE

AR M B/ N iAITH R :
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10-Mbps LAN, 100 nsec/bit
10BaseS 28, round-trip time S0usec

Gt
S50usec

100nsec/ bit
(8) FoZRHY MAC i: FIEFERAIKESKEFRIVEA—E; MRHKE
RREHNFT, AREIRIWRIRY] FCS BEHBERS, HURFRIK
EARIE 46 ~ 1500 Fi 2/,
BRI MAC WHKE A 64 ~ 1518 FZ[E],
SHFHBEHRITTH MAC IiFiEEtER, UKMAREEEEFAIMD,
(9) aHETLLAK :

Connector

= 500bits = 64bytes

Switch

To hosts

X o Ethemet Hub To hosts

B B E\ 5 Tohoss

To the host computers

10Base-T
connection

(10) BELAKKM:

Name Cable Max. segment Advantages
100Base-T4 | Twisted pair 100 m Uses category 3 UTP
100Base-TX | Twisted pair 100 m Full duplex at 100 Mbps
100Base-FX | Fiber optics 2000 m Full duplex at 100 Mbps; long runs

(11) FIRLAKK .

Switch or hub

Ethernet

(@ T (b)
Bl (P) (798 : FARRESEH 2 ENXEE, 25dEENS
EREHESY, URGESERITANSGSR,
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R 15

‘ TE—RAICSMA/CDIMYEIREE, (&t ER
B 15 E—R-2EEA0MLS, 1EHEE1Gbps, Bt
14 I T B L S S1EIERERZ200000KM/s, g%d\ﬁﬁmﬁ
o KER/B00LYT, NISRERIF MbRZ BRIEE
SR S RITRR R R £ T BEIFE ()
o O =misox
SEHLAT L b S R 0 5
o + < H o EDDSO*
@ TR TR R K R
1603
[ I C s e HP160K
© el ST Y © mvaox

B4 (S): (G HRREREANS. BEFIELR, MACHBIE, LA
AWIRFNENS, SHIEMSRE, LIRSS, &Ik, mERE1EL.
IRV -
1. MAC itisib: NFR/E A aE YR, RE—mR— 1N 8EL
R EAUIIRNBIE, BT RTRRENRLE, —MRTIAER.
2. LAKMIEINGND: SMRFIMEEIER, MRREFERTE.
3. SAEMSRD: PREEEE, SYIEERIDEMIEZZEINXR,
BERERIRES, SAEHRIE, Z90 SMHE RIS B EEEIE,
4. LAKRIMEENS: SFERANX, LARIAMERE,
5. RIS BRAWHKBOMNEMLARITET R, SEURIRAZEIR)
<A ANENESE.

M
1. EpSATHMERD . SSATHMSRIDAIXE,

2. 802.3 MightE: BNFERAIAN, UNRSEMERZERELR.
BEEN: 4-6, 4-15

Rt
1. HMEIIARP R, DTS EERE, IEF— SEIERE TEE
HIERIRL.
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COE

Packet starts Packet almost
/at time O atBatr-E\

—+—— —F——
(a) (b)
Noise burst gets
E / back to A at 2t
i
(c) Collision at -— (d)
time ©
2. SMEMSNED SAEHERISRIEMEGE.
Bit stream 1 0 0 0 0 1 0 1 1 1 1

Binary encoding

Manchester encoding —l_ J |_J Ummﬂ_
i [

Differential
Manchester encoding _J | | |
\ Transition here Lack of transition here

IRERHEM:

B2 pEY R, SR RARERLLAIE , SENF BRMEE.
X527 A" EEEESR—. BN, FEIFE, EFEORE. ER
KENT1EELE, A EREIERmEE,

HFERE:

ARNBEBRMERIR. SENFIERERCSEMARK, EREFEFZEXLL
ARLAR RIS/ IMUSE TRZIBGAR, HRIBEPEESIZARREE, /)
B, BINREELN, RIFEESLIERES, IEERETHERRRS, &
FHTSENERRIAR, BERRESS, 5|IMEERERNE, B2 RTECHEXER
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=, T BCRIZSTERE.,

SERRH

> SEHH:

[1] Andrew S.Tanenbaum, David J.Wetherall, T8I (FEhR-5E 5 hR) U
TllithkRit, 2011,

2] BT, TTEAMNGE (58 8 hR), EBFEEFIIHARME, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BT NG ECRXAR- 5 7 iR),
AUl HERRet, 2018,

[4] iR, FRABEFEITENIMNEZS [Computer Network Technologies in Depth] , HE

IKFZKEB ket 2017,

51 PiRE), KiEAE, MEREFERN, AREBEREAR, 2019,

6] Z=AEH, %30T, BRI, IpE, BUE, FIREESITEIMNG (F5=hR),

SREIZKFIZKER HhRdt, 2020,

> MOOC/SPOC iRFEHIE :

1] HFEXE MOOC & SPOC FI2: 2021 FitEHMLE (=)

https://www.icourse163.org/spoc/learn/SDU-1462809161

2] FEKXFE MOOC F&: BRETWRSE: [HENNE (EREHERE)
https://www.icoursel63.org/course/HIT-154005
] FEXEFE MOOC F&: FERRIWAZE: HENNSE (ERERIFE)
https://www.icourse163.org/course/NJAU-1001752039

> MIT 2THR&EIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/

73 1 207



https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
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GTEIRLE) FEHFR (Bie 10)

ERER : N ISR | B0
FUENFLEEEFE

N 5% 347
4.4 FokEiE M RAYE) ® ”% v

(2 Z207)

HFBEIREXK:
*ui,u\E*lj_‘: %%Eiﬁm%;xéél:*@*utﬂ\iy*%’ 80211 ﬂ[ﬁiﬁ[@?ﬁ?ﬁglj?)%l 80211 Ill]ﬁj
= AR

BENER: BELEEEMMY, BFRFETERIRMIIESCIEES], sEBAT
EUNEEHTREIMBE R, HREBEFFAIETEEAEXAYE. AN, iR
HEFIAE.

ERBR: BEEAXMHSRIFEERESF. o5 ER, e TiEsLiPIEEHT
BT I, BITHRE.

HERS:
4.4 FLREM
802.11 MBuplaiEHlF/E, 802.11 45H,

FER:

802.11 Mrazk#a,

HFEWS:

802.11 ¥,

| HEFERSHE:

% | BOPPPS #FHER +/ BT +FIRE
SE

e #Figit:

o A (B) (GoHh) : HMEHER, TEBENSEEERMEHAE
1= B? B IBE AR ?
2

it
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b h
- B 8 E 7 ~Ee B B
L‘ \’\ Radio range l; \I\

(@) (b)
Bix (0) (4 o8 : BNHARTIRZES BIRfIEK, mEATEBE
RILARZ 802.3 ti¥,
Bl (P) (5 o8 : HTAREHRER, WHF4EXTT MAC itk
T HREE.

1%

RS

[

TE&BEMENTFELEEN, SB8EHtA
YRR ?

s5:F3 (p) (749%)
(1) Ttk FaIBRmkuL AR . FReetall iR L EFEREShYER
Y EmsuLa]&A (hidden station problem) ,

AERER e

;;}g\\H//
iﬂfs??rg

ELRE B & HIE, SREERE.
(2) ToEBEMPHREILEM: B [ A KEBWEHAE C | D &
EEEE, (BRRN C ZER B NEZEEN, RAANTBEEmETE, X7

B R Euhn)ffi(exposed station problem) ,
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B B{ERSEE ; C MEMEE

™ \?,
Vi H“\

B 5 A £3%£%#8, M C XA8# D &S,
C RMBIFEA EHES, FEMFHE D ZRHE. |
(3) RS FIBRBIERIRE A : e — MEmZal, — MEEIERE
MENEEKGNERERSEENER, BEEREF— 1 uhREREECHERE
BigEENEHRT,
(4) MACA ¥ : 181 30 F75RY%Em RTS 0 CTS Rz A 2E 5 LA

BEIEK,

L Range of A's transmitter Range of B's transmitter

(a) (b)

(5) 802.11IMAC FEMY: Wi PCF #1 DCF H7F, LUK SZfhins5
EERLIER.

/ Control frame or next fragment may be sent here

= SIFS - / PCF frames may be sent here

A RTS Data PIFS / DCF frames may be sent here

/ Bad frame recovery done here
cTs | ACK DIFS

c / NAY 1 EIFS

ACK

Time ———= Time ——»

[B)RE B :

1. EMEELERE NAV BEREHA?

2. ¥=%Mii, PCF %0 DCF fbARIAE S 2anal 5 Eeilsckal?
ERPESSERAIRIRS 2@,

(6) 802.11 tMNIRAEE:
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Bytes 2 2 6 6 6 2 0-2312 4

Frame Duration Add.re.351 Addres_sz Address 3 |Sequence Data Check
control (recipient) | (transmitter) sequence
I

N

e T T —
e
o S

Version| Type | Subtype | To |From|More Pwr. |More

=00 | =10 | =0000 | DS | DS |frag. |R®!| mgt. | data |Frotected|Order
Bits 2 2 4 1 1 1 11 1 1

DREY: EUENL, fHIhiEE B
EHIM T8 RTS, CTS 8 ACK;

MF: EZmio F;

Retry: HIEMNEEE;

Pwr: RERIRT;

More: BEZEUREML;

W: WEP JNZARIR;

O:F=HEIRIMEHRAT;

Druation: EHEMIFIFEIAN & R(SERE;

Sequence: 16 bits, 12 for frame, 4 for fragment,

(7 ) EHEm: SEEmEM, BEREE— el ZRTR, D—1E
iy chi o

Bl (P) (79%#) : FEAWRELSH | BEEaREE, WdZEEXSTF
MAC itetlt, SRENFIBEIRENNERREE,
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EW

[

1093

EEHAIMACHLEF00-15-C5-C1-5E-28, IPHEtE910.2.128.100 (FA
aibit), RR47-aEEMEHRH, H47-bER1ZENFHITWebiERKAY1
MAKREFEMRTIBO N F T+ RASCIIBAZE.

(1) WeblRSSSRAIPHEIEEA A7 ZENMEARIEAOMACHEHE R4
(2) HEHVE I TAT-DERO IS, (BRI A EIIMACHEHE?
AR IR IR B MIMACHEHE A 42

BE (S): (o) HWIRERERS. BEFIER, ERBBELTLS
IR IR EEK IR, 802.11 NMERIGIENEHIFE, 802.11 MiEEHy, EIR
JE{EAk,

R Y3

1. TEBEMEEREEFINNE: BREELAN S REIRMNL.

2. 802.11 MpY: FFERAVEN, UKINITES MACA HMYIREFER

E.
HEHiEE
1. 802.11 fH¥: tMMAIEHLIR ZFERE N,

IBEEN: 4-23, 4-25, 4-38
ARRES: A4 802.11 MYBRINRARE 4 NMblt, MAENEG=/ 1ElL?
BIEXER, EABXREDE,

Rt
1. HMEIRBE | SFEIRR &M EPENSIRAR AR SRR Z.

P Range of A's transmitter Range of B's transmitter

RNEESE [A]=cTs][]

(b)

2. #UmiHE RTS, CTS LIREFMSIESREE NAV IIEC SR, RIEEtuS
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ALFTHIEERH THIE .

A RTS | Data |

5 cTs ACK
B | (i |
5 NAV |

Time —————

IREEHREM:

Ttk BMASEDBCSRES, WITIEN RTS #1 CTS fBAEIRBES RN L
BREERSIM, UsMNIKNMERGEANFE, X5 (VFEE) "R
EBAZERNEE" NMEME, AT EREANR%ES S EIIRE.

HFERRE:

AR ZF BIMERIR. BENIREEEEBX0AR, EREFEFENTT
2 B NEUSURRE R BN A TR ZIBNAIR, RSP ESIzAmREE, /A3
Mie, EIeEEA, KMFEBHIEESES, LG TIERTEERS, &

THEERERAEA, BHRRESS, 5IMFERERND, BEATECHINEA,
Rz BRI hAE.

SEE5R

> 2EHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAIMEE (RINR-5E 5 ) H
TokihRst, 2011,
[2] W&, ITEVIMNE (5 8 hR), BFREFITIHMRIE, 2021,

[3] James, F.Kurose, Keith, W.Ross, T &M% : BIRA T GECRNMR-ZE 7 i),
U Tl Hhiwdt, 2018,

[4] FiX, FRAIEFEITENMEE [Computer Network Technologies in Depth] , H[E
IKFUZKEB AR, 2017,
[5] FIRE), KiFAE, NEEEEEERN, AEHREEHARE, 2019,
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[6] Z=f@lH, 3006, BRIE, SpiiE, BUE, FUEBESITEIING (B=hR),

SREZKFZKER HhRE, 2020,

> MOOC/SPOC IFFE&IR:

[1] FEXZF MOOC E&: SPOCIFE: 2021 FitENME (Z58)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXZE MOOC & I/RETIARE: RIS (EzxRGEmiFE)
https://www.icourse163.org/course/HIT-154005

[3] FEXZE MOOC F&: mRRWAE: IHTENNE (ExIEHIFERE)
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> MIT AFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (Bie11)

ISR —_—— HICIE (EiLiE
SIS R TR SIS ey
4.8 FUEHEIRER R 6EE 12
e N
(2 20
B EIFHER:

LRBHE: WEFRYGER, M LIERIE, LRmmIss, hikes, ks, I,
BSEES, WX, FEULRER,

BENBIR: BUMFRIIRICE IFLEARE, BArFE TIERRM TIZsCEEE
BEB LRI EZH TR B A, FREBET AIETEEERAME.
N, AREFIRE.

EERBR: BEEAXHSRERF . o5 ER, e TEsLiPIEEHT
BT I, BITHRE.

HEARS:

4.8 FUEHEER R

MIETEOERE, M LIEIRIE, Aopkiiiits, haras, Setkas, M, EXESS,
MK, REHASIER.

HFES:

RFHNTIERIE, SRERRIRS, REXRIRBNIXE, EIEER.,
HFEWS:

R ARRIEE, BRFEILERE, INESEFHMGIE.

| HEFERSHE:

% | BOPPPS #F &R +/ AT +RUIRE

SE

i #;Figit:

o & LF3 (50 ) . FEEZ EFSIMANAFIRRBEMEN, BEIAEIEE
= &, FAETIeXIFIeMETH TIERE,

154
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https://www.baidu.com/s?wd=%E5%BC%80%E5%8F%91%E8%BD%AF%E4%BB%B6&tn=SE_PcZhidaonwhc_ngpagmjz&rsv_dl=gh_pc_zhidao

it

== B ERFMOOC

> Backbone LAN r/B\‘ /B\ /B\
N

— B

pURN v S I o

-

D_ Clustt
[+ singls LAN
-

-

PrPTT
TP
PP

Work-
station

Bir o) : HMHARTIRNFEI B IEK, BAMTLAREMI

IR ERIEE M,

Bl o)  HTREEMRETR, MlF4EL EFSI0ER.
BT 35

B3N R EMTTEZLANAIRE

BEREFS (30 %)
(1) MFHERERNARZREN LAN: FEARERSEMEIAR,
TEEHEERE, MEAKERS, T2, QoS.
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Host A Host B

I T+ T
Network Pkt Pkt
Bridge
LLC Pkt Pkt

¥

}

Physical |[s02.11 Pkt [s02.11] Pkt

i r
2
% %soz 1 pxt (s023 ] Pt |
{
p)

Wireless LAN Ethernet

(2) ERMFRNITRE: 80X, ZA4EE, BRFES, NMIIEHEH

584,
Bridge L4
N

LAN 1 LAN 2 LAN 3

(3) AERRIRIES: fREEITME, £ LAN ZEREZNMNG, B2~
IR, NBEFREAETERAIFTHE, SIAEMRRIRE.

Frame copied Frame copied
by B1N( J by B2

LAN 2

LAN 1

EEy

.

™~ Initial frame

D E F
Bridge that [] """"""" I:ﬂ """"""
A : PN is part of the ~|
spanning tree H bR
B ¥ .~ Bridge thatis
riage 1 not part of the
E h E spanning tree

(b)

EEEERK D i’dl,iJJ:EI’JIW‘gﬂ’EjJ_i._EJZHTE’J*E TR, AttTRERTR
RS 7 — R T RARAIE. R — P RIFFEE LAN LI
b, FILAEFaE—RA R,

A RBIMY (3=1E: Spanning Tree Protocol, STP), 2—FhT{EfE OSI

pe
o
S

%g
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MLEIREL PRV SE — R EIEER R RIB SN, BN AR LSRR
HERRTT ERVIRES. BT HRIRLAK M R TTIR BB R NS MITEESR 7 T
EX=,KE G R R,

STP RYTARIREANT: BEc TRMFTANIRE, EAIERMFHILTEHR
(bridge priority) 1 MAC #UFHEAERLAYET ID, #F ID BR/NEIKIETIG AL/
PIZEERRIMRMT (bridge root), FEMLEM E, THEEIM T RENRFAIIES,
FIXLRRZERIR TR, IBERIRRABEREZ (BN
REZEA forwarding) , EERIFHR A BE1R (B AR IR
blocking)

(4) AR REEK : TIFERIRE, *HE MAC gt

> HRIE MAC Y B RIBIERSWRIRIMIH TR & . S— 1 ER R E ISR,

RFHA R ERIERIR AL, MEXQEEBR MAC L,

AR BHERZ MR B —Nim A,

> B BBIAR, MRS RmE O AL

> M RESTRPHEAKREZ (AES/LTEMHNBEERAKRNFE

M, BUERESTERAR EBXE.

> EREESATLARRRTS X,

> IR (ERER) SBRERAR, EEMILRE MAC iblt, FEE

RUIEAER TP StbhE,

(5) WMIFERZEIE:
shdbhE BRI Wl A URMACHR B
o U EICYSCR A T A X B F G S
IR B USR]
(6) MAZIKRIBFRUER FIEHE
«  JELANAD B ILANAR [A] (BPom DA R D , 00 258 1%
= JFRLANAD H BILANAS[A] (B S AN ), % & 1%
H AILANA J, WEEATT 4%
(S S0 1 1 1 B W e

(7) TRERIH
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Bridge

ITTT

LAN 2

LAN 3

(8) BERMIRE: TIFEARERIRRE, BERBERERXSHIEREI
HIEAXAR.

Application layer | Application gateway

Transport layer |  Transport gateway Packet {supplied by network layer)

Frame | Packet | TCP User
Notworicleyer Router header | header | header | data CRC‘
Data link layer Bridge, switch Frame (built by data link layer)

Physical layer Repeater, hub

(b)

(9) APYEERANSE SRR EPfl_a%E&jd.:ns, Lz A UKES.

Repeaters: amplify signal. do not understand frames,
packets, or headers, only understand volts

Hubs: not amplify incoming signals, not examine 802
addresses. The entire hub forms a single collision
domain [see Fig.4-47(a)]

(10) MIHFAOSCHRAL: 3 BUiZERR LAN *ﬂ%ﬂﬂ’]ﬁrgm SR FFEIE

BIZTHR,

Host

(11) EHBEM: Ko EIBEMEERER, XD 75EARRIFFISZIERL
U EIE L [N

(12) FESIEM: 1EEE 802.1Q tnk.
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¥ T ] e T[]
. e R ot e [~
. VLAN'aWa';){"" vt ) .S"f"tch'"ngI"S Legacy VLAN protocol | Pri (;‘VLAN Identifier
PC switch using tags frame 1D (0x8100} !
Bl (4 3%h) : FEAMRESE 1 BUNEE, MIHFEENTRIRIREHN
EREER,
BIERE 15

TolgES, BEEIHMBRENE ()
IR4kES |ISEE288 |IIRIY IVESEHEE

O
O

O v

© mv
B4 (59 - WIRERERS. BEaFIER, EFBRBMFRIVE
%, WF TR TIRIRE, SEIRRE, AEIRRERIXE], VLAN,

EIRREIL,
R 3N:
1. MFRITERE: BOIR, SEFEIFRI SNSRI NETZE
€.

2. BERRBLANFAERENIXE: EETRIVEE, HE, 2
EREIEFE LEREXE,

HEHiEE

1. MR TIERE: SEZEIIRELANAEAIER.

BEIEN: 4-40, 4-41

Rt
1. HMBEERPE |1 SFEZIFTNERZIINNE.
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Bkt | dmE | BT
A 1 10:20:45
C 1 10:22:30
F 2 10:21:33
G 2 10:20:55
D 3 10:19:59
B 1 10:20:50
2. R BRI E R TR TR,

Bridge that e
is part of the ~
spanning tree ;

IREEHREM:

NIRIEREERITME, BN NNE. BREASNMGFIEFE, 51K,
LAZTFinel g8 c BRI . FEIERTERA RIS, HIREE., AT RMIR
BB, EFTEERN. XMEEERET RIS KBRS L, BFETEE
AREM, BEERNES. ZRARSEAIEH T ZEEIHNER.

HFERE:

AR ZF BIMERTR, BENHIRREEESBX0ARN, EnEFEFEITI
P TIERIR, SENRIIZE, LR VLAN BT 37ZIB0AR, HiRidiEhes
EHERRE, NATE, ENaEES, KMFEEHIEESES, LUIETFEE

TRRAES, EIRTCENERREN, EERRESSN, SIMEERERIG, &L
RuBolER, Mz NAME.

SERTR

> SEHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEHIMEE (IR 5 )
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TlHARsE, 2011,
[2] BIF1Z, TTENNEE (55 8 hk), BBFEFIIEARIE, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BIRRE N AECRNXAR-5E 7 iR),
Ul HRRet, 2018,

[4] iR, FRABEFEITENIMNZS [Computer Network Technologies in Depth] , HE

IKFZKEB ket 2017,

[5] FiRE), KiFEAM , MEBZEFERR, ARHBELARFL, 2019,

[6] Z=MElH, %3050, TRIEHE, Spidis, BE, HURBESITEIMNG (B=hR),

SEZKFIZKEB HhARAE, 2020,

> MOOC/SPOC iRFEHIE :

[1] PEXSF MOOC E4&: SPOCIFE: 2021 FitENME (Z58)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXE MOOC F&: IBRELIWXE: HBEINE (ExEmFEE)
https://www.icourse163.org/course/HIT-154005

[3] FEXRZFE MOOC F&: ERRWKRE: ITEINE (ExREmIFE)
https://www.icourse163.org/course/NJAU-1001752039

> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHR (Bie12)

i e | i

ST

5.1 PRI ES  memmaat
SHER

-~ EIRAT[E] (2 228)

WrERHER:

HIREHT: MEENEAES, MARSHES, BHRWEN, BIOmEEE

=, ZHEE

BENBIR: BEMEBERITERNTS, BERFETRERIRFMITELRED, M
LR ARITRESHMMNAIRE, 1EFFEIFRE eI,

ERBR: BEEANHSRIZERF. SR ER, sEBERLIRMETERA R
XI MR

HERS:

5.1 RBRIRITER

M ESEERIRERIXE, MEBERITIRE, FE-HARIDEZIEST, NEE
PERERMIRSS , EMERIRSTITIERIRSS , BRI IRRITIRAILLR,
52 BHEE

SRR, HERERREEZL, ZHEE,

HFES:

RREAITNEE, FBESHRFIEIRIRAIRAVLLER, RMAIRN, ZHEE.
HFES:

RIUAIRN, NEEEAUKIE.

| HEFERSHE:

% | BOPPPS #F &R +/ AT +RUIRE

SE

b #;Figit:

el SA (B) (GH#h) : HNERHAE, NEERUERRHA? SEUEREE
1= BRIXZEZRHA?
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T - - -

_______

Bix (0) (49%) : HIHAATRIFEIBIFNEKX, BENSEELL
NISHFRARVEERM,
Bl (P) (543%h) : BTRELFIERZEERR, WNFEXSTREERYT
R,

RS

&

19

R RS MEEIIXBIEA?

253F3 (P) (74 9H) :
(1) MEESEEERENXE: HiEEREEmRETERAEmM, M5
0N

Data hnk layer v.s. network layer

* Data link layer: to move frames from one end of a wire to
the other.

*  Network layer: to move packets from the source all the way
to the destination.

(2) MBERITRN: NEEFENNEET FMAHFNEN, SRR
FERDED GBS EMB—EDTR, CEFENEZENESR.

*  Must know about the topology of the communication subnet
and choose dppropriate paths through it.

*  Must choose routes to avoid overloading some of the
communication lines and routers while leaving others 1dle.

*  To deal with internetwork different networks.

(3) FE-FERRDEITIRGT

Router Carrier's equipment
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iy
H

(4) TEZERSHISLI: MBENERERMIRSIITRELER,
A ERVESHREIRE, DHEIRHRAVEERITEE.

(5) EMEREARSSAVSCIN: EREAZRAVEEH. BEFFNGERA.

A’s table C’s table E’s table
= =
I Out

(6) EFERSEIERTMAILLR: NEETEEVER, Tk, E6FEE
HFINSER, BHASERE, BRHSHEEMINREK, QoS MifEEHIF
TR,

Issue Datagram subnet Virtual-circuit subnet
Circuit setup Not needed Required
Addressing Each packet contains Each packet contains a
the full source and short VG number
destination address
State information Routers do not hold Each VC requires router
state information about connections | table space per connection
Routing Each packet is Route chosen when VG
routed independently is set up; all packets
follow it
Effect of router failures | None, except for packets All VCs that passed
lost during the crash through the failed
router are terminated
Quality of service Difficult Easy if enough resources
can be allocated in
advance for each VC
Congestion control Difficult Easy if enough resources
can be allocated in
advance for each VG

(7) BREHEZRER: BT, @St @i, RElE, Qs
1%,
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» Correctness
»  Simplicity

» Robustness
»  Stability

» Fairness
»  Optimality
(8) NEESRMEZEFE: ENEGERERZBNERELANKEIR

FFRIFHE .

S T
b

(9) MR NREEHT T ENESHRR 1 2 K IRERBL, AT
"‘UKE’JE—1#£E5Z?}EAT [E—sH L.

L 1(5)
e\l n(s) @
e nd)--

(10) ,EEW NGkl )?i#‘aéUEEI’JiﬁaEI’JEFEQEE &, a7 LABRYtER
RIS, ESHELART Ehxsjjﬁﬁﬁ EI’JE%EEE%Z U?—‘H@% &M,

(11) Dijkstra Ei&: lljift& 2KE E’JR‘Z?E@JEJE REE. BB, FETR.
WOBEEE. BEHHE. AYIESKE. MERRIATES,; Dijkstra EASL
fl: TTEM A B D IR,
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6
G H
(a)
B(2,A) (]
A-
G 6 A H
(9
B(2, A) C
0}

(
(
G(5.E)
(

)

@
;

(9,B)
D(e-) A
O
(e,-)
(9,B) B(2,A) C(9,B)
D D (e-) A D(e-)
H (9, G)

G(5.E) H (8. F)
e) ®) /

(12) Flooding &i%: SURIRIEN2H, MBRT DERIKAILIRINIERE
ik EaH., IRAREERENEESE, ELELPEE "R
ax , SHHEIZNRMEFEEICR MPESHEERR s T

Bl (P) (790 : EAMRESH | BUNER, WAFESTER
B F WA EER TR EEEE.,

EELE H TSR RE T N SEUER TR
&3l

B4 (S): (69 HTERENS. BEFIELR, ErEANEE
HEAES, NEERITER, RMCEN, REEFRIEEEEL, Z2HE
%, EIREEL,

yINTRE=UE

1. MEERER: NEREREIRS, ERSHIEEREEEXA,

2. XINMIRN: FrENEEPRMEEAREBHINERER.

3. ZHEL: WEBEREBREETR, BEBZEEEDA,

MITI5 EERERIX 2,
4. CEN: IERMEENESTZA—RLABRT =R,
MR

1. BRNENE: WERERREFERNRAEBEARER.

REME: 5-1, 5-3

Rt
1. HMEEREE | SFEFIFME-E RIS EZIRITE.
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FIERHEM:

BHEEZN I MSRERNEFEEFEN, BEXBTIEGahEESE T ER
REAETFIE, R R R EA T .,
HERRE:

ATIREF BIMERNR. BENHEREECEREAN, EREEFEITN
RENFR, &MHUEN, ZHEEZE TRZIAR, HRIERSEIERMmR
2, AT, BIREFE, KIFESNIFEES, LUEERETRIEN
B, BRTICELIEARER, BERESS, 5IMFERERIG, BEAKREEC
RIXEBR, B CRIZST5E.,

SERR

> 2EHHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, ITEHIM%E (FEhR-5E 5 hR) UK
Tlkithkit, 2011,

[2] BiF=, TENNE (F8h), BFEFIIHRI, 2021,
[3] James, F.Kurose, Keith, W.Ross, T &ML : BIRA T GECRINMR-ZE 7 i),
M Ml R4, 2018,

[4] FiX, FRNIBFEITENME [Computer Network Technologies in Depth] , H[E
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

IKFZKEB ket 2017,
| FPiRED, KiFAME , WEEEFERR, ARBRELMIL, 2019,
6] Z=EH, $530C, BRI, 3pEE, BUE, FUREESITEIMNG (F5=hR),
EP7J<3FIJ7J<EEthH&7~i, 2020,
> MOOC/SPOC BIEEIR:
11 FEXE MOOC F&: SPOCFFE: 2021 FITENMLE (=)
https://www.icourse163.org/spoc/learn/SDU-1462809161
2] FEKXE MOOC ¥&: IRREIIAS: iHENE (ERBRIFRE)
https://www.icoursel63.org/course/HIT-154005
] FEKXFE MOOC & mRARIWKXE: IHEINE (EzxEmEE)
https://www.icoursel63.org/course/NJAU-1001752039
> MIT 2SFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHFR (Bie13)

RREHE: ISR | B0
FERENEE
. TRESE 12T
5.2 BHREXE FRATE] = J—J% "
(2 Z207)
HFERERER

HRBMR: IEEXERMEL, THUTREE, BERNSIREEEL, DRISH.
BENBR: BEMERRITERNES, BRFETERRMTIRESLRED, M
LR ARITRESHMNAIREL, 1B EIFTRE eI,

ERBR: BEEANHSRIZERF. S5 ER, sEBERCIRMESTER R
XIMAYN,

HEAR:
5.2 IBAEE
IEXERHAEL, THiTE0M, BRRSIEAEEL, DRERA.

FED:

IEEXERARZE, THITROE, BSENSEBEEE.

BFER:

ToHitERENERRGZE,
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

i | BA (B) (5a#) : Hins|SFERM ETRIIAS, SIAEATDIREN

o | ESEEE,

2 |Bix (0) (42 - HhHRATRNFIBANEKX, EEAEKREH

g | SRR IS e A E B,

i+ Bl (P) (5o @ HTAREHRZEER, WdFEXNTSEHE
E T RRRREE.

96 / 207




E=E 5
ERERSE MR T R R
s5XF3 (P) (7498

(1) IEEBEXERHE
B, ESHE.

Bi%: IRHSISPEIEARER,

New estimated

Router

delay from J

A B c D To A I H K ¥ Line
Alo] [24] [20] [21] [&]A
Bl12| |36| |81]| |28 20] A
Cl25| [18]| [19] |36 | 28 |
S Ea i $ p[40] [27] [(8] [24] [20]H
E[1a]| [7] [B0] [22] [17]1
Fl2a| [20] [19] [40] [Bo]1
al1s] [8t] [6] [31] [48]H
H|17 20 0 19 12| H
J koot 121 [o] [34] [22] [10[1
@ s [a1] [7] [Ho] [ol-
k[2a] [22] [22] [0o] [6]K
Lizm) [ (8] [l [GsTee
delay delay delay delay New
is is is is routing
8 10 12 6 table

forJ
Vectors received from
J's four neighbors

LIEFRITR T A%, =T _RMAERITD
HOREREE, RIBXL(EE E#TE CHIESHER.

SRIGERFTHYES (S

BE A, 1, HM KSRGS

HLIMHRRBERENIRE, FECRRESS, TR G RIRRHERE

o
(2) ZEHERR: EFREEXERHRE
2 IR, Xﬂ“%i‘au}if' J_’%EE

AFESARE, MTIFER

C D A B C D E
. . . o Initially 1 2 3 4 Initially
1 . . e After 1 exchange 3 2 3 4 After 1 exchange
1 2 . e After 2 exchanges 3 4 3 4 After 2 exchanges
1 2 3 e After 3 exchanges 5 4 5 4 After 3 exchanges
1 2 3 4 After 4 exchanges 5 6 5 6 After 4 exchanges
7 6 7 6 After 5 exchanges
(a) 7 8 7 8 After 6 exchanges

(b)

(3) ZFHIHHERRAIRIRESINT: RESAYE, NGFhER.
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7N e
He R aRBIA AT LUEIE B R A CLAEA, BRHIARC
YORTLOE I % 88 BEATEA, BUERL 10

PR R R kA
1. EMEKE

7ERIP (Routing Information Protocol)% fith i, 7o
RO KA N16 , XA T R R eE i, ARE

MG IR PR P

2. KF5E

K4 %maﬁﬂmi%m{ IR FE T, A
B {5 Eﬁ %&%%m{ SfEH L

(JE A 2tz ) A L A B S B Y SR T X
(4) %ﬁﬂﬁ%uﬂﬁﬁa %ﬂ:ﬂ%ﬂﬁrﬁ%gﬂ&m :i':PlE%{Z,%\%%Eﬁ(
WERIEE, 57T
Each router must do the following:

1. Discover its neighbors, learn their network address.
RINAR Tt AL 28tk

2. Measure the delay or cost to each of its neighbors.
R 2 T 41 B AE IR

3. Construct a packet telling all it has just learned.
Fy et BE RS 70 21

4. Send this packet to all other routers.
RATRERIRES 704

5. Compute the shortest path to every other router.
VST B i e

(5) RPPETR, BT hello 54HSCHL,

Ha<—— Router

o m
i 1

-

N
(b)

%, Bzl

(6) i&Z Echo \QH,LJE%EQ}T%E_JZLL, BEEREM—EFEFN.
| / West i East \‘
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(7) WIEREINSHE, HTHRESRNSSENEANSD, ExEEF
HISHIFERAMER.

Link State Packets
A B C D E F
Seq. Seq. Seq. Seq. Seq. Seq.
Age Age Age Age Age Age
B|4 Al4 B|2 C|3 Al5 B|6
Ei|5 Cl|2 D|3 F|7 Cl1 D|7
F|6 E|1 F|8 E|8

() (b)
(8) KApBIINEGHAH, MR EERMEBRESoH, SMPEHEES—
MIFS, BREREHDEIFESN L,

Send flags  ACK flags
—r—

Source Seq. Age A C F A CF Data
A 21 60 o|1|1[(1(0]|0
F 21 60 1]1(0[(0|0]1
E 21 59 o|t1fo|1(0}1
C 20 60 1]1]0(1|{0 (|10
D 21 1{oj0o|0|1

(9) ERREIRERZRHREATEREREZ.

(10) DRESH: MEMEERAZKR, TRAIIES, BERKLLEIEX,
PEEPATRTER, FIEHRRXEDE, FIRAIZERRER D ARAERY
PRIEHR, BERELIHERLET BB HEANMN.

Full table for 1A Hierarchical table for 1A
Dest. Line Hops Dest. Line Hops
1Al - = 1Al - =
iB| 1B 1 1B 1B 1
1iC| _1C 1 ic| 1C 1
2A| 1B 2 2 1B 2
2B iB 3 1iC 2
2C|[ 1B 3 4| 1C 3
2D iB 4 5| 1C 4
3A[ 1C 3
3B| 1C 2
\
7N >
Region 3 Region 4 Region 5
4C| 1C 4
5A| 1C 4
5B| 1C 5
5C| 1B 5
5D| 1C 6
5E| 1C 5

Bl (P) (794 : (EAHEFRESEH 1 EWNER, WAFENTOHR
BHRIRRINEREREER.

EEHES T REE B A Aw e

BE5 (S): (o) HIRERERET. BEFIER, ERBAESX
ERMEE, THEIUHHEER, SRR SREEE, DREH, HEREF
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R34 -

1. IEEXEREEL: SHENRHAEL, S/ KR5S MET AT
=8, FFECHERE.

2. THITHEAA: EERESHTSITER, REEAYERTTHER.

3. HRRSKAEL: ZREANEEEEL, AR, TRERK
SR EPIFRFERAER.

4. DREEH: DREENENARMRS.

MR :

THITREABLNRRRAR: IR EEAEREEEASEERD

TR,

REE: 5-5, 5-6

Rt
2. HIMBERPSISFEFI RS ERIIE,

B 2 c Link State Packets

A B C D E F
4 v 3 Seq. Seq. Seq. Seq. Seq. Seq.
A D Age Age Age Age Age Age
B|4 Al4 B|2 C|38 A|5 B|6
5 7 Els| [cl2] [D|3]| [F[7]| [c][71]| [D]7
E 8 E F|6 =] Fl|8 E|8
(a) (b)
FoF5 it B A IR NI ETE
N M
3- utfl«‘h—.—ﬁ]ﬁi M I:H‘ = o
A B C D = A B o] D E
e—9o o o o
e Initially 4 Initially
e After 1 exchange 4 After 1 exchange
2 . e After 2 exchanges 4 After 2 exchanges

2 3 e After 3 exchanges
2 3 4 After 4 exchanges

4 After 3 exchanges
6 After 4 exchanges
6 After 5 exchanges
8 After 6 exchanges

NN W W=
® - 0 OO A A NN
NN WwWww

(b)

IREEHREM:

DREEEINRRBIRSEISIENEHAA, B EEEBEISE N FRRZE
KREIRENER, SEHFERURERBENFEZE, BHERFIILEAN
A RIREEH,

HFERE:
AR ZFBIMERIR, BENIRREEEBXARN, EREFEFEITE
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IEERERHAEL THEITHELDR, #RSIRBAER, DRIEEE T RZIENA
R, HREEPEEEARRE, NETE, MIREFH0, KIFERFIIF
BEF, UEIEETRRRE, ENTIEAIaRREAN, BETRRESS, 5|19
FERERNG, BEREECHKER, WY BCHSSAE.

SEER

> &EPH:

[1] Andrew S.Tanenbaum, David J.Wetherall, +EHME (IR 5 k) AR
Tl HiRR#E, 2011,

[2] BIRZ, HTEIMNE (5 8hk), BFREFIIWHRIE, 2021,

[3]James, F.Kurose, Keith, W.Ross, TTENIMZE : BIRA TEAGSAR 56 7 hR).
A Tl EhiRet, 2018,

[4] FiX, FRNAIBFEITENMNES [Computer Network Technologies in Depth] , #[E

IKRZKEB HHRRAL, 2017,

[5] FPIRE), KiFEAM , NEZEFEER, ARBBESMIL, 2019,

[6] Z=fElH, 3056, BRIEE, SpiiE, BE, FURBESITEIING (B=hR),

SREZKFIZKEB AL, 2020,

> MOOC/SPOC REER:

[1] FEAZE: MOOC & SPOC IFFE: 2021 FiFENIME (Z5)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEAZE MOOC F4: IARETIWASE: HENMNE (EFERIEE)
https://www.icourse163.org/course/HIT-154005

[3] FEKXZFE MOOC F&: EmRRWKE: RIS (ExREmIFERE)
https://www.icoursel63.org/course/NJAU-1001752039

> MIT 2FHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHFR (Bie 14)

RREHE: ISR | B0
FERENEE
. TREE 34T
5.2 BHREXE FRATE] = J—J% "
(2 Z207)
HFERERER

HERBER: [iBSH, SBEH, BolELSH.

BENBR: BEMERRITERNES, BRFETERRMTIRESLRED, M
LR ARITRESHMNAIREL, 1B EIFTRE eI,

ERBR: BEEANHSRIZERF. S5 ER, sEBERCIRMESTER R
XIMAYN,

HFAS:
5.2 BBHEEZX
JHEERH, ZREIRA, BohENERA.

FED:

JIBERE, ZHEIRA, BolEVERA.

BFER:

BohENEE.
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

i | BA (B) (5a#) : Hins|SFERM ETRIIAS, SIAEATDIREN

o | ESEEE,

iz |Bi5 (0) (473  HMHARTDIRINZI BiNEsK, =iE EiKE,

8 | ZBEH, BIEVISHNEEN],

it Bl (P) (5o @ HTAREHRZEER, WdFEXNTT EHE
E T RRRREE.
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i E Vg i

S5%F3 (P) (749H) :

(1) JiEEsH: B— DB AREHET R, BIEMEALIN, 25k
EH BB B, §EGE, ZERIRERIEE, FIAARE EEER
Y& EE*UESEEEW , IBRERRAEA.

A

LM RIS RV VMSEER, FESRITICSERNER, LUK

BARISCERERII Y, NARFKARS, Ai=iT.
(2) ZRBIH: EXALIGE, NEAEE, BiEMEE,
2 o /T‘ - .2\‘//;
Vi B

a
1
e —4\/ o8 5
1 2
1 " . o S
— .
1 —

(3) BANENEE: SHSEFEABHAR, FMEHTEE, JMERE, &
IR, BHTNER, EEMELITE,
o= @ -

7 ’d

WAN

MAN

(4) BoIENERIE: 7ARE:
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> HLARF S SRR

S AR BRI RE 24, AN A SRR S
[Ny, B sl LT 8, A “IX AT BT SRR
2?7

¥ 2 LR % B S A

S AR 5 7% 5 LA A ACHR K &

A AR R A 2 A A S

S ARERAG B AR AR E O A e, S AR
IR LPSIVE Sy N2 &

(5) BEhENISHITRE: BNs|SFERIZE SERE MR, Fil
WEIRERE(S, RaTsEIAY?

p—t

Bl (P) (79t : (EHEFRELSEH 1 EWNER, WFEXNTZE)
FHSHNERER.

E=E sy

EEHENHERNOEER

B4 (S): (5% HNREREANS. BEFIER, EREEN MK

H, Zi#EsH, BaIEIEsH, ﬁ%ﬁ)ﬁﬂfﬂo

R Y3

1 JiBE: LB RMEESII, SHEIRRISTIIREE.
2. ZIBIH: TESN/NANEIE, BE, BEF.

3. BINENEEH: BEENSAHAIERARIMBIRRIXR, BalE
HAYERRVE SRAMR HIT 7L,

MR

%%BBEHLE%EE . B ENHMBNERERE, EEAEENIMEAE
RIKRE.

~
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BEMEW: 5-10, 5-11, 5-12

Rt
1. MBI B5 | SFEZI N EBRISEI G,

A

(a) (b)

2. o ENSHANEBEERIIE,

FEEHEm:
BN A REEREUTA— I NBBERITT, BFNIEEREBEZRAYSH
IR R EMESFALRIF,

HERE:

AR FERMEAR. BB NMNERERCBEAN, EREFEFEXE
JTIBERH, ZBIRH, BaENEEHRE 7 RZIEAR, HRIEPEESIEFEMR
2, NEWE, BNABEAR, KIFEBHIEEEF, LR FEETRRRN
B, EMTICEIERARA, BRRRESS, 5IWMEERERNE, BPARED
FIE R, 3B CSHISS 7.

SETR

> &EPH:

[1] Andrew S.Tanenbaum, David J.Wetherall, &AM (TR 5 hR) HU
TubiHhRst, 2011,

[2] BIRZ, HTEIMNE (38 8hk), BFREFIIWHARIE, 2021,
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https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html

[3] James, F.Kurose, Keith, W.Ross, TTEALMLE: BIRE FZAGXMR-5E 7 IR),
M Ml R4, 2018,

[4] FiX, FRNIBFEITENIMNES [Computer Network Technologies in Depth] , #[E
IKF7KEB HRReL, 2017,
51 FPiRE), KiFAMgE, MBS EFEZRN, ARBELML, 2019,
6] Z=ABIH, 306, BB, M5, BUE, FIRBESITEIMEG (F=hR),
EIJ7J<3FU7J<EEHjHJ§%i, 2020,
> MOOC/SPOC IRIEEIR:
1] FEAZE MOOC F&: SPOC IFFE: 2021 FItEHMLE (ZH)
https://www.icourse163.org/spoc/learn/SDU-1462809161
2] FEXRZF MOOC 5 IR/RETIASE: ITETME (EGEmRE)
https://www.icourse163.org/course/HIT-154005
] PEXZF MOOC F&: MmRRIAE: HENMNG (ExRBHEIFE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHFR (Bie15)

R s | miE

SRR

5.3 SR o msmmiow
SE

5.4 IR R BRI | g

S EFAER:

HERBR: HEESIEARNRN, RED Fix, IRSHREFK, RENHFRSHRER
AN, TERHEER, Eliny, REFmREENR, FR, SHEE, 2ERE,
PEIRSS, BERA,

BENBIR: BEMEBERITERNTS, BERFETRERIRMIRELRED, M
SLRHARITHREEFIRERTEE, BFtIFee el E4E.

ERBE: BIFIETE. MNMESFEANRS, BFFERNSIEEHEMIRS
HENFERR, LIREEE. XCBEREIT.

HERS:

5.3 HEEHIEE

HZEEHIEANRN, RED &k

5.4 MEEAIRSSRE

RSERERK, TERHKR, BRET, RS[mmEER, BE, TS,
PHRAER, DRRS

HFES:

RED &%, ", <hEt, 2HERBEE, 5RRS.

NS

RED 8%, I, <hERE.

¥ | BEFEBRSHE:

% | BOPPPS R+ NAT HRE LS +HIREE

Sk

i gt

g [BA (B) (A - HIMELHREEFRIFIT SINATIRAHEEH.
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Bix (0) (4 o) : HDHARTRENZI BIsIEK, A=
FmEEHIETT S MNEPEEM,

Bl (P) (C9#)  HNAEHFEREER, MiXFEXNFHEEFN
THRRRE.

=

{FEEERIRAM A A TERIMSIAE? [H=]

253F3 (P) (4 9H)
(1) MEHE: SBERETFMNTEAZHSER, HtRIREIFE, &
AREIRARERRENIRALE.

Perfect

Maximum carrying

capacity of subnet S

Desirable

Congested

Packets delivered

Packets sent

L5 | SFEREE R =KMENE N, URAEEZVERE, NAR
wRE, BT,
(2) MEEHENFE: WURE, BREEREREITLRBYTEIRIZ
8, RIERFGRELIERTR, AEERBIIAEHHEEEHRE,
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Layer Policies

Transport * Retransmission policy

» Out-of-order caching policy

* Acknowledgement policy

 Flow control policy

* Timeout determination

Network o Virtual circuits versus datagram inside the subnet
* Packet queueing and service policy

» Packet discard policy

* Routing algorithm

» Packet lifetime management

Data link ¢ Retransmission policy

» Out-of-order caching policy
* Acknowledgement policy

* Flow control policy

(3) EEEREFMAREES: BENFN, RERAEEEENEL AZIB
HESE

Congestion A

Virtual / AN
circuit

Congestion

@ (b)

(4) MFIDAE: REWRRAIIEIDE, HEEdE— 1 Rr0HE S
A,

(5) RED &%: EZIS%Z"EjJ?_ REEPXFEH AT RN EF LN
TRP=EFISE, ERESENRETX.

[&7-3 RED T{EEEE

Drop & ! E
Prosabilfty | No drop > Random drop > :__' Full drop
100% H :
Minimum
Drop
' Probability
10% {-----mmmmmmmemm e d
/.Z'D /’50 Average
Quere
Minimum Minimum Size
Threshold Threshold

(6) BRSHREEK: AEREMNNANTIRSHREWAIEN, TR, #5]
M ERRIEKAE.
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Application Reliability | Delay Jitter Bandwidth
E-mail High Low Low Low
File transfer High Low Low Medium
Web access High Medium | Low Medium
Remote login High Medium | Medium | Low
Audio on demand Low Low High Medium
Video on demand Low Low High High
Telephony Low High High Low
Videoconferencing | Low High High High

(7) #=0: BRI ESHERURNESER MR LiER T ESEH
IEEHEIERERE 7 Z0,

j2} j2}
e e
o o
© ©
(=% o
k] k]
c c
2 S
g g
i High jitter T .
- \+— Low jitter
Minimum Delay — Delay
delay
(due to
speed of
light) (a) (b)

(8) HERMER

> Overprovisioning

v To provide so much router capacity, buffer space
and bandwidth that the packets just fly easily

» Discussion
v Easy
v Practical
v But expensive

(9) FWUmEH: NEFIRESGAERTFIAFRE, BRI SHENE

et i % 9 e S W N 21
pacet dans s [ 8

Packet arrives at buffer I E EE]E El
Packet removed from buffer | Tme invbutter I I I |E| E| I I

<= Gap in playback
L0y TR N T Y N O S

0 5 10 15 20
Time (sec)

(10) iFREZEL: REmHTRERER, ERRERLKIVEINBETM.
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Faucet \
Host
computer

J-— Packet

O
Unregulated

L, flow

The bucket
holds
packets

Leaky
bucket 7=

Water Interface
containing —=
a leaky bucket

m ooo

0 i Regulated

O flow
Water drips out of the (m]
hole at a constantrate

Network

(b)

(11) <HE#E: SiwtEsRl, BEERFTFHESHE, RE5REHMNSE
ZREENBIFMF, ENERSSHEERIREGRAKRE,

Host Host
computer computer
o
One token o
is added =] The bucket
to the bucket a holds w]
every AT (=] tokens 5]
== T
el 7
oEy | R
a
a
O
Networks Networks
(b)
(12) BISHERER EI’J ;
=T 1] Ibi
Rate (Mbps| Bucket (KB
® MOPS) a5 M for ucket (KB)
1000 + 125 msec 16000
— 25 MBJs for
250 msec
(a) (d)

hR= /.
With R = 26 MBys, Bucket empties,

B = 9600 KB 9600 3
‘{/ . i /traf'fic delayed i

(b) (&)
With R = 25 MB/s, B=0 Bucket always empty
[}
Time (msec) 1000 Time (msec) 1000
(c) M

(13) it EBRIX ] ERERRIRE, Miminth AN R RUESR

FJHE.

Rat I I
Put{_\ a e

Packets —=
water
l | . /!_\

—— Check Take out
bucket water/tokens
—— here B
= Rae
R
Network L E
(@) (b} (c)

(14) DERBEE: Fitkt, BATR, IINATHDA.

Avrrives after D

t LI

ke

t| Arrival [ Len:

ish | Output
order

la! but goes first
/ Packe

2 L] Fosor [s]le[1s =]y — i C
s [OT1] IS Y

11

x|@|nm/o|ofn]|=

20

Input queues
Input que W eight is 2
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Bl (P) (79%h) : (EHEFRRESREH 1 EWNEER, MlFEST IR
ML EEXARNEREE.

EEHiRENSERIET.
2425 (S):

(9 HIRERERNS, BEFIES, EaElER
S|EAEN, RED &%, HEx

, MERE, RS EEmEREEL.

IR0 :

1. RED &i%: ZEZNERRE, SPMFELUURRIEIE N,

2. mMERE: VEMIINIGIE,

3. IEFI<HERRIX S EREERIRE, Misnt ANERRHE
REJSH,

HEtiEE

RIS BRI E . BiREEEESRIRAIX S,
BEEN: 5-13, 5-14

Rt

1. MBI B5|SFESFS RED &%, EREHPESNMRENEN.

E7-3 RED TERIEE

Drop &
Probability |- No drop
100%

Minimum

/.ED /':10 verage
ue
ize

Minimum
Threshold Threshold
QHEREEERIREUR A ERRERNREIKE
N N \
2. 2 L gHYin=E iIrHEsANmEliEIRE.,
Rate (Mbps) o o Bucket (KB)
1000 125 msec 16000
25 MBfs for
L~ 250 msec \/J
(a) (dy
With R = 25 MB/s,
B =9600KB 9600 Bucket empties,
/ i /(reﬂwc delayed i
(b} (&)
Wit 5 MB: 0 Bucket always empty
Q
Time (msec) 000 Time (msec) 1000
(c)
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FIERHEM:

HECHESEPRESHGERENE, S5HEFN (BER) AFEF:
“KERFE MR TERES 2R TIFEAEEAFHNLESE X TA2IREARES
Z i,

HFERRE:

AR ZF BIMERIR, BENFIREEEEBXARN, EREFEFEITM
R EREEEFIRERSE T RZIBSAR, HREEPSSEHARMRE, it
i, BENREERR, KFEEHIEESES, UIEFEETERAS, &Y

ICHNERRRAR, BRRRESS, S5IMFERERE, BPARECRINER,
GIRVA=TRESEZy Ry IR

SETHL

> &EPH:

[1] Andrew S.Tanenbaum, David J.Wetherall, I+E#MMEE (AR5 5 hR) U
TlkidhRst, 2011,

[2] W&, ITEVIMNEE (5 8 hk), BFEFITIHMRIE, 2021,
[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BIRME NAZECRXMR- 5 7 iR),
AUl HERRet, 2018,

[4] B3R, FRAEFETENMNZS [Computer Network Technologies in Depth] , HE
IKF7KEB HRRAL, 2017,

[5] FiRE), KiFAM , MEZEFERR, ARHBELARFL, 2019,

[6] Z=f@lH, 306, BRIEE, S0iE, BUE, SUEBESITEING (B=hR),
FREZKAZKE MRS, 2020,

> MOOC/SPOC iRFEEIE :

[1] PEXZF MOOC E&: SPOCIFE: 2021 FitENME (Z58)
https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXZE MOOC F&: BRETIWAS: HEIME (EREEFRRE)
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

https://www.icourse163.org/course/HIT-154005
[3] FEXZE MOOC F&: mRRWKE: ITENNE (ExIEHIFERE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT AFHREIR:
6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (it 16)

BiRER PRERA | IR
ERENEE
X , _ SEE 34
5.6 BEERSRRIRLEE B A ® P% v
(2 Z0Y)
W EIFRER:

HRER: FRIEEE, FRKIDHRR, #EEHIKIoRY P ek,

BN ER: BB F RO RANE S, IBFRFE TSR TZSLEEE
MR R HHE WIS, EFrRIFTRe eI RYE,

ERBE: BIFIETE. MNMESFEANRS, BFFERNSIEEHEMIRS
HRRIRERRUNREEIE.

HERS:
5.6 BERMFRRIMZS R
TR, FRIMDTRA, BRI 1P etk

WFER:

FRIERR, FRRIDERAR, &R5IXI5587 IP bk,
EFEWES

FRIXIDEIAR,

HEFRERE:

BOPPPS #F R+ AT HREE S + IR E

Fgit

A (B) (oM  HmET 1P U FMEES I AR IRERES.

ForiWe &M g
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0 2mE Hh [ | | mmsmzacs

| RIS 0):
. B &
EH

e 2l i E%ﬁim - Realtek FCIe GBE Family C 11.

TPl T Tnternet AR it 2al el e amily Controlld

o, e #ijls{gi%wp z:—uq—;\s—ou—rr—sz

R 02:51:48 TRt Mt 1

EE 100.0 Mbps Fvd TIREE o

AT IPved BhLFAE
VRIES E). .. ey
202 96 209 5
— R
b= SR HetBIOS ove. .. 2
= TERE-FM IPwE P £eB0::e015:5Tb:BTLe:TThadl2
2EE l\..' [=5: 124 o6 BARIE
e g TP+ DHE RESE
F1 55T,
BEEe || HxRo i ©)
— & )
[ z=de |

Bix (0) (448  HDHERATRNFEIBANER, EEFMES
RARIEERM,

Bl (P) (5% : HTRELFIREERR, WHNFEXST 1P HIFIF
IHEEADAY T RRERE.

ESHFERLIPHEE T R

25%F3 (P) (74 9H) :
(1) 1P LR EERISIIENS, FHEIEBES IP HUHKEHER,
XN BIRAEER 1, ENSHEE 0 RIETL.

32 bits

Prefix length = L bits 32 - L bits

Network Host

Subnet
mask 1111111111111 1111111111100000000

An IP prefix and a subnet mask.

(2) FR: E—MERFENT, HETEERINEERHEES,

KIS RE DT
S e
oo LT T T T T T 1

rn LLL L LT T
Pl Ll

(3) FBERER: ETEENFMER.

PPYPPRED
e
QDPPPPR,
QPPPTTLT,

Ethernet
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32 Bits

|l|IllllllIIlIII‘IIIIllIlIllIllI'

‘ 10 ‘ Network Subnet Host
Subnet
mask 1111111111111 1111111110000000000

(4) FMEBRBRRTITIA:

MRS 11111111 11111111 11111100 00000000

P = 0 11 W L 2 15 o O o | IR X
*  e.g. 255255.252.0

» bR /22
*  e.g. 255.255.252.0/22

» M55 NS5

 e.g IIIII111 11111111 111111100 00000000

(5) TP #EARIREMDE:

128.208.0.0/16
(to Internet)

(6) FRIXIDHIA:
> CBERS TR E e 2 miR . TR
8 (23) INTFMEf, m=3;

> R BB RE R % e o A R ALk m A e
e oy, R TR

11100000 224
;',_J

3

(7) ¥&SERIRNAT IP bt &35 1P #hAECAIIS R,
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32 Bits

|IIIIIII|\\II\\I|IIIIIIII\II\\Jl

Range of host

Class addresses
1.0.0.0 to

A |o’ Network | Host 127.256.255.255
128.0.0.0 to

B |10 | Network Host 191.255.255.255
192.0.0.0 to

(o] | 110 | Network Host 223.255.255.255
- 224.0.0.0to

D | 1110 Multicast address 239.255.255.255
240.0.0.0to

E | 1111 ’ Reserved for future use 255.255.255.255

(8) 457AY 1P il

|0000000000000000000000OOOOOOOOOO‘ThiShOSt

| 00 57 00 ‘ Host ’ A host on this network

Broadcast on the

|11111111111111111111111111111111‘
local network

Broadcast on a

| Network ‘ 1144 s i 1111 ‘ distant network

| 127 I (Anything) ‘ Loopback

Bl (P) (79%#) : FAEAMRELSHAENNEE, NXFEXTTF 1P ib
HES LR 455k 1P U EIERE.

TBIEF ARSI R _EAYIPIhE :

Bk
i
BAIPHAL BT 4P [ 127.0.1.123
IPithiiEH221.19.223.0, ZIP EENCERNE?
© =nmuz0 s HIPBLESACURET T 191.255.255.255
O r=mER
= 255.100.1.20
@ =zammR10 0= |:|
O =smuR Q= B 2213498110
Lz
PEKXEEESFEEERNAZSPHEL? ML, T i sensen stk W
PR RSB B PR T
SrmHahETEA N () () .
Q 2 s
° =2 © 26

[« JEEH

O = 0 s

B4 (S): (o) HNRERERNS. BEFIELR, FIEE, X
IR, &EBIKISR0 1P bkt HEBIREIE,

yINTRE=UE R

1. FRIERS: {ERLARAE.

2. FRIKIZHEA: AMIRIBEPREER [P ibitkloFM, FPFK

PR LUEHENRISE, DR FREIENEEL,

3. RSERIKI R0 IP etk : FEELR A B,C 25 1P HEfIE,

4. 55K 1P it Si3ERI%IoRY 1P RS SRR,

MR
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FRLIDHA: FRIRDERARLUR FMEBHEE.

BEEN: 5-13, 5-14

b‘iﬁiﬁi‘l"
1. MBI B5 | SFEF S FMBIBAIEE.

32 Bits

|lllllllllllllllllllllllllllllll'

‘10‘ Network ‘ Subnet ‘ Host
Subnet
mask 111111111111 11111111110000000000

2. 1P BYSEBUL AR AF0RRY 1P HbtlE,

32 Bits
|"""‘l“1""|""""“"“lRangeofhost
Class addresses
1.0.0.0to
A |o| Network ‘ Host 127.255.255.255
B |10‘ Network Host 13?250502?5 255
o | 110 I Network I Host 295.256.055.256
N 224.0.0.0to
D 1110 Multicast address 239.255.255.255
E | 1111 I Reserved for future use 3222505%%255

’00000000000000000000000000000000|Thlshost

’ 00 S 00 | Host |A host on this network

Broadcast on the

’11111111111111111111111111111111|
local network

Broadcast on a

’ Network | 1111 R 1111 |distant network

' 127 ‘ (Anything) | Loopback

IFETHEm:

ARSI ARRRE "NEEY, BNAY". i, "f1" BESEFN
ESaEt. TaFk, XMEERATEANALEHITERSN. T —ER
H" FERRE, NEREERFE—RIKFIR TRAERMEEFMER—FPbIE )R
H75iA, BRIBRIZSEIFERY "F17, LUARFIIRSR—REHS.

HATTLUE "BEKE" BlE "KRAFR" KERN—1FHER. —MHis
F. SHBEXKNPTEEFEXUCRIEEE "FE2E".

HFERE:
AR ZF BIMEXNR. BE N IXFREECBERUAR, EREEFERT IP
USRS E 7 RZIBNAR, RSP SESEAMRE, NEiTie, BEl
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REFH, KAFERHIEREES, UEEFERTRERE, EiiTieana

R, BRRRESS, SIMFERERNG, EPATECHINEBR, HZBE2
SNEEAysII

SELH

> &EHH:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAIMEE (IR 5 ) g
TkHkRet, 2011,

[2] BiF{=, TTENMNE (F8h), BFEFIIHRI, 2021,
[3]James, F.Kurose, Keith, W.Ross, TTENIMZE : BIRA T EAGR 56 7 hR).
A Tl EhiRet, 2018,

[4] FiX, FRNAIBFEITENMNES [Computer Network Technologies in Depth] , #[E

IKFZKEB HHRRAL, 2017,

[5] FiRE), KiFAM , MEBZEFEER, ARHBELARIL, 2019,

[6] Z=fElH, 3056, BRIEE, SpiiE, BE, FURBESITEIING (B=hR),

HREKFIZKEB HARAE, 2020,

> MOOC/SPOC BIE&IR:

[1] FEAE MOOC & SPOC IFFE: 2021 FiHENIME (Z5)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEKXZE MOOC F&: KBRETIWARZ: itENME (EXERRE)
https://www.icourse163.org/course/HIT-154005

[3] FEKXZFE MOOC F&: EmRRWKE: RIS (ExREmIFERE)
https://www.icoursel63.org/course/NJAU-1001752039

> MIT 2SFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/

120 / 207



https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHR (Bie17)

RREHE: ISR | B0
FRENEE
X , _ OBE 12T
5.6 BEXM RIS ZE RS ® H% v
(2 Z207)
HFBEIREXK:

¥HRBIR: TEBIR0EEEE, NAT, IPve,
BEABR: TEBIAUHBERE, NAT %Y, BEFRFETERIRFIESKAE
1, NIFREARR IP HUIFEZRE@, BFRFAEEFFS. EBE,. Hie
BAZRLRR. MRREZAIEAIEESN, MTE—.

FEBFR: LEFRIGER 1P it AANE, MZEEE, ERFERLZRRE.
EIRERSER, IR ERBERRIAERNSEERR.
HFAR:
5.6 BEAMFRIMLEE
FoRABIRVIEIEIEZE, NAT, IPv6
FER:
ToRBURVIEEIESE, NAT, IPvé,
s
NAT,
WEFRSHE:
# | BOPPPS U E= HIAG I R4 S+ TR
A
x| sEEit:
w |BA (B) (5HH) : FEPE, BIEFESON P HIHE, 3IHA
o | TR,
5= IP HUEXSTFRIFIHAREE, WFXE— 1 EmEMNERZ1E, #
g [1TLRXE, BIRLN "KFIP ik, {REEEEIHA? " EFRIIRERRE—
it |5 P HIEXRRE, TERBRESX, BRNETARZERS, #5)
EBAIRMES, EERRESS.
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TR, MIARTIRNHEEIRAZERE CIDR FARHITEZEA/MRRY
IP HbhEXIS>, NAT HenHEaR A,
Bif (0) (493 : HTHARTRNES BIrf0EK, &3 CIDR ]
NAT HARNEE M,
B (P) (543%h) : HWARXHRRER, MHZAXTTF 1P ik 1
XA T REE.,

EEAIRT IPHENE, BRI R AA?

s53%3 (P) (749h) :

(1) CIDR:,

> ]l
«  BISHAERT TR ZHBHIM R AR T
- IPHEREAR PR 2 4D
-« BRHIEFERFRIK
> R 5 58 5 IR A) ¥ FH CIDR(Classless
InterDomain Routing)
v REEREAE
o DARIARKC 7 B U7 2o BE TR FRIC IS 2% st

C 25 ik 2 e 0 R (194-195) Jb35(198-199) H13E
F 92(200-201) MEH AT 711 [X (202-203)

I3 AL 32 W, 2 B VR ) S o 0B R R H A M
il 5 L e A, AR BRI A iy s bl

(2) LMGIF#f# CIDR #htklo /3R RIEE S L #0fiHfi# Cambridge
REMUR S5 ZFEIRE X, BENIX—&F4EKE R Edinburgh XEHBiE
XIS T, BITERIRAE Oxford FHIMILEE IFH I BIRESE.

University | First address | Last address | How many | Written as
Cambridge | 194.24.0.0 194.24.7.255 2048 194.24.0.0/21
Edinburgh 194.24.8.0 194.24.11.255 1024 194.24.8.0/22
(Available) 194.24.12.0 194.24.15.255 1024 194.24.12/22
Oxford 194.24.16.0 194.24.31.255 4096 194.24.16.0/20

(3) CIDR YD fREE AR P RS New York #1 London ZM{AJLbIRIE

Ay,
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192.24.0.0121 —

Cambridge

New York

e —
E'a 192.24.0.0119 ——— ———
(1 aggregate prefix) (3 prefixes)

192.24.16.0/20 —=

192.24.8.0/122 —

Edinburgh

Aggregation of IP prefixes.

(4) ExIKHbiEPCED:

192.24.0.0/21+—»

San Francisco Mew York London
== == : 192.24.16.0/20—
“— 19224120022 ———  192.24.0.0/19— <
Except for Main prefix goes
+—192.2412.0/22 this part! this way 192.24.8.0/22—*

(5) NAT: f#R P MEUEARGERARISE=FM75%E, EBERET UDP BiE TCP
HimS=E.

Packet before

Company translation

LAN
Packet after
J/ translation
198.60.42.12
Company \ \
router
NAT Leased ISP's
box/firewall  line router

(6) XJ NAT FFIEMEFEMT
Problems of NAT:

7

» NAT violate the architectural model of TP

» NAT changes the internet from a connectionless network to a
kind of connection-oriented network

» NAT violates the most fundamental rule of protocol layering

» NAT box will cause the application to fail as the NAT box
will not be able to locate the TCP source port correctly

» Some applications insert IP address in the body of the text,
the remote side may doesn’t understand the address

» As TCP source port field is 16 bits, at most 65,536 machines

can be mapped onto an IP address

(7) TPv6 SLEREEH.
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1
15i Diff. servics | be
ioad le | iop limi

B Sourcs address 1 Extension header Description

r (16 by 7 Hop-by-hop options Miscellaneous information for routers

[ ] Destination options Additional information for the destination

L i Routing Loose list of routers to visit

L Des'-(n‘a;g:;:;mss 4 Fragmentation Management of datagram fragments
Authentication Verification of the sender’s identity
Encrypted security payload | Information about the encrypted contents

‘The IPyE fixed.header (reauired)

(8) IPvé ithiit:
> BTN

8000:0000:0000:0000:0123:4567:89AB:CDEF
8000::0123:4567:89AB:CDEF

» IPv4 to IPv6
:192.31.20.46

B (P) (79 : FAMRESYE 2 @A E, MitEF4E3SF CIDR
HNEREE.

A router has the following (CIDR) entries in its routing table:
Ad idress/ /mask Nexthop
o/

A router has the following (CIDR) entries in its routing table:
Addrc“:; mask Next hop
'ﬁ 46.56.0/22 A
-m

.46.60.0/
192.53.40.0/23 C

default D
for the fIIWIgIF' addre: outer

select for the next hop ita p ek with that aderess anves? for the following IF a 1‘1’ ;awrglr:mmgolesdndn uter
135.46.63.10 135.46.50.2

© 00 O © o 0 ©
BE (3): (o) HIREREAR. BEFIER, KRBV

B CIDR, NAT, IPv6, HEIEE{FL.,
IR =UEE R
1. CIDR: FoRBUEIRIEREA, #ZEREIZEAR/INRESS 1P bk,
2. NAT: PZ8IBUEEIRRIR, AT 2EAR 1P UEA B AR, B2
B 7 MBEXRIZITTH—ERN,
3. IPv6: EIESLEBFIAIY RLER, 1Pv4 5 IPve Z[ARYARHE,
MR
NAT: EARBIE, LIEEFFN.

BEE: 5-18, 5-19

b‘iﬁiﬁi‘l‘:
1. HHEIHRBS | SFEZIFEA CIDR FASS 1P IR S SRHSEER.
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192.24.0.02+—»

San Francisco New York London
t‘“ﬂ == t"____h' 192.24.16.0/20—
—— «—— 192.24.12.0/22 —— 192.24.0.0/1%—» —
/ Except for Main prefix goes \
«——192.2412.0/22 this part! this way 192.24.8.0/22—>

2. NAT SRRISEI S ARSI Einia).

Packet before

Company translation
LAN
Packet after
/ translation
198.60.42.12
Company \
router
NAT Leased ISP's
box/firewall line router

IREEHEM:

(ZE) B 10 #: E. "B, TENL", EREZUTHXEZE TR
MRE.

EMBAEZENEF, BFRAERIRITRE, REXIEMERRELEFE
NABHITIEEIAYER,, WFRRRILEHIRRIR NAT 1Y, &5 7 ERAEE
SEIBRANZITRR, (EREAER 7 1P HlEZAIER.

WER RN ERT,

JIiR BB BT — ) — 3Bk, DY ETEE RSB EE AR IREANTEK IPv6
AR E SARARAZARE. (FARGTRETUIHNFEERE TRERIINE
BRI A RO SEAIIUIR, INRBIEATETE 1Pv4 ERLSRIG, EIE 1Pve &
WSkt b, 2018 F 6 B, FHFRDAT. ESBDIRTEIAT (HEHEERM)
WEE7 R (1Pv6) MRERZBITETRI), SIRFEM 20 SFRY-RitEES 2 HRIRY
“EHAST”, EM T CRANARE. Lhrt, FERSEFEE IPvo (IER, tHRE
IRREHRE Ipve R F—REBRMEAHR. fnESE. NMARATITERBRY
Ezz—, EEILALE IPve ZAY 1 £IKERARY IPv6 ML,

BARFENERERB, FAORTRRG, HELEE. MECKERIGH, LK
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http://www.gov.cn/zhengce/2017-11/26/content_5242389.htm
http://www.gov.cn/zhengce/2017-11/26/content_5242389.htm

BREAEERM R EREERR

HERB:

ATRNBFERERIR. BEHMNEREIEERAK, EREFEFEN
CIDR 1 NAT B T RAZATAIR. HRIRPEESEHMRE, NATIE, BE=R
BEAN, RUEEFEHIEREEY, LEEITRETEREAS, BRTHEENERS
AR, ERRESS, SIMFERERG, BPARECHNER, NMZECH
EH7EM,

SERRH

> SEHH:

[1] Andrew S.Tanenbaum, David J.Wetherall, T8I (FEhR-5E 5 hR) U
TlkidhkRit, 2011,

[2] A, TR (56 8 i), BFEF IV, 2021,

[3] James, F.Kurose, Keith, W.Ross, T &ML : BIRA T EECRXMR -5 7 i),
U Tl Hhiwdt, 2018,

[4] FiX, FRAIBEFEITENMEE [Computer Network Technologies in Depth] , H[E

IKFZKEB kL, 2017,

[5] FiRE), KiFEAME , MPZEFERRY, ARHFELARME, 2019,

[6] Z=MRlH, 3050, TRIEHE, Spidis, BE, FURBESITEING (B=hR),

SREIZKFIZKER HhRit, 2020,

> MOOC/SPOC iFFEHIE :

[1] FEXZ MOOC F4&: SPOC iFi2: 2021 FitEHIMNE (Z5)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXRZE MOOC & I/RETWARE: IHEINNE (BRERFRE)
https://www.icoursel63.org/course/HIT-154005
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https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
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[3] FERF MOOC & BRRIWAF: IHEINE (BFERRE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT 2SFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (Bie 18)

BiRER PRERA | IR
ERENEE
X , _ OFE 34T
5.6 BEERSRRIRLEE B A ® P% v
(2 Z0Y)
W EIFRER:

*MRB#R: ICMP, ARP, RARP, BOOTP & DHCP, OSPF, BGP,

gENBR: BEMNIZFEHEEMNY, WUHREFEMYAIES, BHRFETRERIRM
THELHKREN, ERFEETEES. EoiB%E, HECEAESLRR. ARSI
ge.

FZHEBF: LIEZ12E80 ICMP b AT R, L EER, ERFERETRE.
USIREREE, f1IEmEREEREHNAENZERIR,

HFEASE:

5.6 EEAFHIMNLEE

ICMP, ARP, RARP, BOOTP & DHCP, OSPF, BGP

WFEESR:

ICMP, ARP, RARP, BOOTP & DHCP, OSPF, BGP,

HFEWS:

ARP, RARP,
HEFERESRHE:

# | BOPPPS #Ep et +/NERT HR 45 T RO

)

g | HF

i | BA (B) (o) : BERFRKR, BUREFMILEERRN Ping, 5IHAT

g | RRIEEFEER,

2 |BiR (0) (49 @ HTHAATIRINFESIBIRNEK, 38 ICMP,

i8 | ARP, RARP, BOOTP & DHCP, OSPF, BGP RYEZE(4,

i+ B (P) (54%)  HKEHRREEA, WiZFEITT ICMP 52K
T EEE.
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|a=m s

Pingas $EEHE THAEFMSS? [E=1]

253%3 (p) (1498 :
(1) ICMP:,

Message type Description
Destination unreachable Packet could not be delivered
Time exceeded Time to live field hit O
Parameter problem Invalid header field
Source quench Choke packet
Redirect Teach a router about geography
Echo and Echo reply Check if a machine is alive
Timestamp request/reply Same as Echo, but with timestamp
Router advertisement/solicitation | Find a nearby router

(2) ARP HBUEFRATHMY : B 1P btk MAC bk,

Hi guys here, listen please, Will 192.168.12.3
tell me his ethernet address?

Oh, it's me. Red guy, my ethernet address is
00-50-BA-22-34-CC

(3) FERIMZSFIAREMEEAY ARP:

D— E1 Ethernet Router = ..E]

switch /
Host 1 ‘\\ ¥ E3 E4 Host 3
> ke .

Host2 .° 192.32.65.1  192.32.63.1 S Hoatid
/ CS Network EE Network a
(e E2 192.32.65.0/24 192.32.63.0/24 2 ot

IP2=192.32.65.5 IP4=192.32.63.8
Frame Source Source |Destinatior| Destination
IP Eth. IP Eth.
Host 1t0 2, on CS net| IP1 E1 P2 E2
Host 1 to 4, on CS net|  IP1 E1 P4 E3
Host 1 to 4, on EE net|  IP1 E4 P4 E6

(4) RARP: 5 ARP HIXH
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» ARP: Huli-fiE#HTPi (Adress Resolution Protocol )
%aﬂa%mmm,%gﬂ@a%@#mmﬁﬁ

> FH CUENAE AR Rk A 4RI Hu kb i et 72 Y 4
JzﬁiLthﬁﬁ}r ( Reverse Address Resolution ) .

LB MR oK

> B HLEs A A5 K FIPE Ethernet Address,
FEERA EVLEIZIER.

(5) BOOTP: fFH UDP £iEHR, ISH=SEA. TRA:
FfCE (MAC, IP),

(6) DHCP:
Newly-booted
host looking for DHCP Other DHCP
its IP aﬁi‘dress H'Zay netwirks Router server
T é%%é \
DHCP Discover Unicast packet from
packet (broadcast) DHCP relay to DHCP server
(7) OSPF:
Network: @ _,
Graph:
Broadcast LAN
modeled as a well-
LAN2 connected node

(8) PIBBMISKHIN :
O

O o}
Message type Description

Hello Used to discover who the neighbors are
Link state update Provides the sender’s costs to its neighbors
Link state ack Acknowledges link state update Y
Database description | Announces which updates the sender has
Link state request Requests information from the partner

7

(9) BGP:

RN, F
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A Information F receives
from its neighbors about D

From B: "l use BCD"
From G: "l use GCD"

H FromI: "l use IFGCD"
From E: "l use EFGCD"

(a) (b)
(a) A set of BGP routers.  (b) Information sent to F.

(10) {ERRERMIKIMY AR BRE -
Example policy constraints:
* No commercial traffic for educational network
= Never put Iraq on route starting at Pentagon
= Choose cheaper network
«  Choose better performing network
Don’t go from Apple to Google to Apple

Bl (P) (79%h) . EARRESE | EURNER, WdFEXST ARP
M RARP IZEIEIEE,

B\EE 15

ARPHIRARPRIKBIZ A7

B£ (S): (5 o) BWTEREREARNS. BEFIEL, ICMP, ARP,
RARP, BOOTP & DHCP, OSPF, BGP, fERE{EIl.
yINTRE=UE R
ICMP: BEEXMEHIEEMY, SEEHRNEARATS,
ARP: HIP btk MAC itbhib, ERES RS EAIRIE.
RARP: H MAC #ilt4E 1P #biik
BOOTP & DHCP: — " FITEF— 1 BEalHE(E.
OSPF: FIBISRREEEMTINN . B—FEBRINERRXIY, B
THERANSER BN AT—FF.,
6. BGP: IAFRMXIY, BFiEERRE, Moo ThIEEXE
EEY, REEERER.
MR
ARP, RARP: BIMIYZERIXER, BRI BHTEMbIL,

o &~ e

BEE: 5-18, 5-19

Rt
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1. HMBEERB5|SFEFS ARP FITIFRIEE,

Hi guys here, listen please, Will 192.168.12.3
tell me his ethernet address?

Oh, it's me. Red guy, my ethernet address is
00-50-BA-22-34-CC

2. FEEkIREEsHT ARP QAI T{E.

1P1=192.32.65.7 1P3=192.32.63.3

. E1 Ethernet Router

/ switch /
Z E3 ¥ E4
\l

-
\ 192.32.65.1  192.32.63.1 /

»7 CS Network EE Network 2 [
=45"F> 192.32.65.0/24 192.32.63.0/24 Eo=

1P2=192.32.65.5 1P4=192.32.63.8
Erame Source Source |Destinatior| Destination
P Eth. P Eth.
Host1t02,0onCSnet| IP1 E1 P2 E2
Host1to4,onCSnet| IP1 E1 P4 E3
Host 1to 4, on EE net| IP1 E4 P4 E6

N ES TR
ARP #] RARP MYMITIEIIE, BEAMNESEEE—E CERLE, BEF
WE, WEEE, FEAESAMERRAREINNIETS L, BEERETIER

HFERB:

ATRNHFZEFENR. BENMEREECBIARN, EREFEFEX
ICMP, ARP, RARP, BOOTP & DHCP, OSPF, BGP BT FZIKIAIR, #HHFd
BEPSRIzAMRE, NEie, BIRaFAN, KINFEEHIEEEF, UL
EERREADERAR, BIICEIGRRRAN, ERRRESS, 5IMEERER
8, B RmECIXER, MIZECHSSaEM,

SE R

> 2EFHH:

[1] Andrew S.Tanenbaum, David J.Wetherall, I+E#IMM%E (AR5 5 hR) U
TlkidhRst, 2011,

[2] &2, TTEAMES (5B 8 hir), EBFEEFTIiHMRAL, 2021,
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html

[3] James, F.Kurose, Keith, W.Ross, TTEALMLE: BIRE FZAGXMR-5E 7 IR),
M Ml R4, 2018,

[4] FiX, FRNIBFEITENIMNES [Computer Network Technologies in Depth] , #[E
IKF7KEB HRReL, 2017,
51 FPiRE), KiFAMgE, MBS EFEZRN, ARBELME, 2019,
6] Z=ABIH, 306, BB, M5, BUE, FIRBESITEIMEG (F=hR),
EIJ7J<3FU7J<EEHjHJ§%i, 2020,
> MOOC/SPOC IRIEEIR:
1] FEAZE MOOC F&: SPOC IFFE: 2021 FItEHMLE (ZH)
https://www.icourse163.org/spoc/learn/SDU-1462809161
2] FEXRZF MOOC 5 IR/RETIASE: ITETME (EGEmRE)
https://www.icourse163.org/course/HIT-154005
] PEXZF MOOC F&: MmRRIAE: HENMNG (ExRBHEIFE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHFR (Bie19)

IRiRR: e | i
AT
- o 10EE 12%
fheu —TTT
(2 Z07)
WrERHER:

HRBR: EREIeE, FRES L TEZERNXR, FHiRSITE, HRAE
&=,

BENBEIR: FRENTS, BARAFETESRNIELKED, BARFERESF
3. £, EHICERRARLIR. MBREZRIAMATIEEN.

=REBF: YEER, BRFERTERE. MARERBH, B AEESZR
BARRENEERIR.

HFAR:
6.1 {EHARSS
EmENgE, TmESLETEZERXR, EiRSTE, (BRAEEF.
FER:
EmENgE, TMmESLETEZERNXR, ERiRGTE, ARMEEF.
s
EiEI8E,
HEFERSHE:
# | BOPPPS #UE+/ BT AR S 4 + TiR
A
x| sEEit:
i | BA (B) (5a#) . BEFRR, BYRMNBERAREEHNRRXR, 5l
i | AR,
2 |Bin (0) (o)  HhHRATRNFEIBFIEKR, EFEREI
g |88, BRESETRZENXR, FRRSTE, H-NEEFHNEEM.
i+ B (P) (5o @ HPTREHEREER, WdFENTERESW
BEXRNTHREE.
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E=

ERESMEEMIEETAXERMA? [F=1]

253F3 (P) (4 9#) :
(1) ERERINE: (FRENEHNERMHT ISR,

Application

Transport

Network
Link
Physical

(2) SINERERIRR: HRMESENAATRESE, RENRREE YR
Y. SLIMERRINSTTRRNEEEE.

(3) {&HISC{K TPDU:

Host 1 Host 2
Application Application
(or session) Application/transport (or session)
layer Transport | interface layer
o~ address |,/ PR
TPDU
Transport | T .| Transport
entity Transport entity
protocol 1
Network — ha
address Transport/network
Network layer intertace Network layer

(4) (EmEiERTSHETEEIERTRIRER

Frame Packet Segment
hejfader header header

¥

F

Segment payload

I Packet payload I

Frame payload

(5) 1ERRSTTE: LRSS SRFIZ=Fim/afl,

Primitive Segment sent Meaning
LISTEN (none) Block until some process tries to connect
CONNECT CONNECTION REQ. Actively attempt to establish a connection
SEND DATA Send information
RECEIVE (none) Block until a DATA packet arrives
DISCONNECT | DISCONNECTION REQ. | This side wants to release the connection

(6) EIRIERARSSHIIRSEEIRE:
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Connection request
TPDUreceived | o . |  execu ed

Connect primitive

................... IDLE —_—
t - ) . . .
PASSIVE ACTIVE Solid lines (right) show
ESTABLISHMENT ESTABLISHMENT 1
BENDING SENDING client state sequence
L |
i Connect primitive Conneci fion acce| pled .
Moo exscuted [ o | TPDU recelved Dashed lines (left) show

server state sequence

ey 2:;2{%32 E:EE'E:“ e Transitions in italics are
DISCONNECT ! / DISCONNECT due to segment arrivals.
PENDING PENDING
T Biscnnest | P-F Disconnection request
primitive executed T TFPDU received
.
(7) {H=FIEREF:
Primitive Meaning
SOCKET Create a new communication end point
BIND Associate a local address with a socket
LISTEN Announce willingness to accept connections; give queue size
ACCEPT Passively establish an incoming connection
CONNECT | Actively attempt to establish a connection
SEND Send some data over the connection
RECEIVE Receive some data from the connection
CLOSE Release the connection

Bl (P) (743%) : EAWRESE 1EWNERE, WlFESTHEHE
RINEERIEREE.

g

BS HEREERR

B4 (S): o) HNRERENS. BEFIELERERE, E6H
ESETEZENXR, ERESTE, H=MNEET, hEREFIL.

yINTRE=UE

1. (BRRBINEE: HitEHMNBIR IR IRI EIRSS.

2. (EMESLETEZENXR: REXRUNSIEEXR.

3. (EHMIRSTTE: IRSHEARRTT,

SRR

(MBS BTM ENEREEP, F— M, MAE

EETFMEEIE.

REE: 6-1, 6-3

Rt
1. MBI B5 | SFEFIMREEIEERER.
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Frame Packet Segment
header header header

Ld
rd
Segment payload ‘ ‘

I Packet payload ‘

Frame payload

2. BRSSEEMZFPuRAPINSIERR R,

Coennection re. guest Connect primitive
TPOU receiv d | e | execu ted
................... IDLE
i ) ] . .
PASSIVE ACTIVE Solid lines (right) show
ESTABLISHMENT| ESTABLISHMENT i
el enoma client state sequence

I
E Connect primitive [

Necmmmneen 28U | T ABLISHED

Dashed lines (left) show
server state sequence

H
Disconnection 1 Disconnect e initali
Pypvy request TPDU' | L,rimﬁ,, pre Transitions in italics are
SSIV P ol T
DISCONNECT RS \eew ted DISCONNECT due to segment arrivals.
PENDING PENDING
T Disconnect | IDLE Disconnection req
primitl ted TPDU received

IFEEHEm:
IEHMEDMYAIFES, IBFFEIERRIHFREMAERNER, RILR(ETIE.
BESwm. XEMARNWSHEIBERAmEE.

HERB:

AR FEIMEAR. BENMERERCERUAMN, EREFEFERR
BN SIEMSBERIXREE 7T RZIBTAIR, HRESEVPEESIZEARRE, )
Bitie, NREEH, RNFEBELIEEETD, EERRADEERNS, &
FRTICENARRRA, [BERRESS, 5|IMFERERNG, BEARE CHINE
=, WM BECHEhEME.

SEER

> &EHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, ITENIMEE (TSR35 5 R) HU
TubiHhRsE, 2011,

[2] BRZ, TEIMNSE (5 8hk), BFREFIIWHRIE, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEALMLE: BIRE FZAGXMR-5E 7 iR),
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https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html

AU Al RRet, 2018,

[4] iR, RAEFTENMNZS [Computer Network Technologies in Depth] , H[E
IKF7KEB HRReL, 2017,
51 FPiRE), KiFAMgE, MBS EFEZRN, ARBELML, 2019,
6] Z=ABIH, 306, BRI, M5, BUE, FIRBESITEIMG (F=hR),
437J<5FU7J<EEHjHJi%i, 2020,
> MOOC/SPOC IRIEEIR:
1] FEAE MOOC F&: SPOCIFFE: 2021 FItEHMLE (ZH)
https://www.icourse163.org/spoc/learn/SDU-1462809161
2] FEKRE MOOC F&: IRRETIAZE: TETMNG (ERERIFE)
https://www.icourse163.org/course/HIT-154005
3] FEXZFE MOOC 5 ERRWAE: HBEINE (BERERIFE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHFR (it 20)

BRdA: EREKA | IR

BRI

6.2 {ERIMYEATE NREITT e
(2 559)

HEEIFHER:

MRBR: (ERESUL, EEE, BIEE,
BENBR: FRNNESTENES, BFRFETERRMIIESCHEE, 555
FEBFFS. EBFE. BICEKERLIR. BRERERAYEES.

ZEBF: LEFIRENIUAIAR, LEER, BAFERLRER. &
RERYEHE, MBRARBERRRRRNSRESR,
HERS:

6.2 BRI ERTTE
ERESUE, EREY, BIUER

FED:

ERESUE, GEEET, BERuER.

BFER:

TR, BT,
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

i | BA (B) (5a#) : BEFRR, BYRRFISTHNEEMNEEEERS

g | UFRR, 5IHATIRNSFEER,

iz |Bin (0) (453  HMHARTIRINZI BNEK, RFEEEY,

i | BIUEENEE,

it Bl (P) (5o @ HTAREHRRZEER, WdFEXNTEHEM
THREE.
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| m=m s

EREER T AR R R ETT ?
[(R==1]

25%F3 (P) (749H) :

(1) EHmESEHIERRENXE:.
> PEEEM I EREEH. AT, HEE
1) 5 7] L
> OERESITRE (BRME)
> TIRFERE
(2) EHETMIE: WXiniUER, AREFME,

Network

Router Router

i \ Physical i

communication channel
(a) (b)

(3) FERESIU: wOS

Host 1 Host 2

o Server 1 Server 2
Application ™ TSAP 1208 | Application I
process layer \I/
4 & .
1 Y
:\ Transport by
' “Transport layer  [TSAP 1522 TSAP1836
connection| N
T
l\ NSAP Network ™
H layer NSAP
Data link
layer
Physical
layer

(4) HIEARSSES:

Host 1 Host 2 Host 1 Host 2
ime-
of-day
Layer _ _ Senver,
/ User Process User Process
\ $’97rver Server
4 TSAP

@ ()

(5) EVOERAERIE: EVNERDHAREERRK, RIA, WREEE

g2,
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HEENRRECEERNES 5H.

(6) FBRRISZE:
> RIS
—  RFE A Rk
— SRR B AR R T
> SEBRAOAG: B AMERRTE  (
. WERGHR, BRI E K
> BOEHR, MBTETRA “HEm” Bht 504,
— PR AR A= i A BIRR I FE — AN SRR B A -
2 0 T B
TR S N R — B EC E
AN 3451 e BT B (3 b 28 6] 25

(7) FRIEF:
> WIRYEF R

—  ARHIERERCR Segment, B & [[ &N ACK Segment
ISR WgEES. FMESQ
(8) =IKiEF:
» =X YEF Jj % (three-way handshake)
«  ARHFSANXFICR Segment;

B 75 NYIIACK Segment Jfifi INAFI PS5 NXHICR
Segment;

AR5 NXH S8 — 535 Segment, FFHHHIABIIFS N
Y ) CR Segment.

(9) =R{EFHISEIR:

Host 1 Host 2

-—— Time
»
<
—
s

(10) = XREFINEMBIHINES SE:

Host 1 Host 2 Host 1 Host 2
0ld duplicate “ER(sqg . Y
C Oid duplicate —
‘H""‘-’EE_EQ = x) P w A~
- Q
w«&/
=1 e
pOE” I E D
<2t 1 X A74 (s,
pob Aok cx
— Old duplicate — ——~__
X . ~|X
——3
——_ REJE —=CTa
~=ECT ~0Ck »
=Tick )
— o I L ‘_
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(11) ZERERER: SRS FRAREAY

(12) RELRYPRZEAZHKIEIRR :

Blue

(13) BUERE=XEF:

(14) BRUER=XEFIEREERSA:

Time

Host 1

Host 2

— |

ACK

DATA

DATA
DR 77X

No data are
delivered after

a disconnect
request

Host 1 Host 2
SendDR |~ DR
+ start timer —
Send DR
R + start timer
Release [«
connaction
Send ACK |—__ ACK
"> Release
connection

Host 1 Host Host 1 Host 2 Host 1 Host2
Send DR |~ DR Send DR [~ SendDR — DR
+ start fimer T + start timer Tl Send DR & sh'.! fimer = Send DR &
R st H L, tart time
Send DR ) 7L o R .
R + start tme (Timeout) | - l H
Release |« H send DR [T Send DR & Timeout) | M H
nnnnn cion . + start timer start sendDR | il | )
H | start time Lparit .
. Release |, H H
H connaction . .
sendack | A0k : . H :
T end ACK | . .
Lost | rimsout A | peesse (N Timeout Timeou]
lease release release
connection
connection connection connection

Final ACK lost,
Host 2 times out

(15) WMEiERRFIER:
FARTHIAL: 5

Lost DR causes
retransmissions

ADRANFITA NI A

AER, BAERCHEBNIER >R

PR R R AL - BN R) PSR R B AR
Segment, f§ HZIFEIOEH:; T 48 IR 2 i &%
W )Segment, J& 6 57— 7 Wi L ETE

Extreme: Many lost
DRs cause both
hosts to timeout
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Bl (P) (793%h) : (EAHFRRESEH 1 EWNER, MAFENTHE
BHERIEE.
Es
raREEE?

B4 (): (G aH) HWIRERERNS, BEFIER, FRETUL, &
EEY, BER, hERERL.

YUK

1 EaESE: HEAFERARN TS RIIMTTIE,

2. EREN . DIXEFUERLERER.

3. BMiU&ER: =XEFUECEERNESHINE,

HE i

GRS, BIERR: DRIAZIRIET, MARITARIEARS Ak
BHITER.

REE: 6-8, 6-9

tRBi%it:
1. B IRB5|1SFEZIENEE = EFHNTEYE,

<—— Time
o \=z
fa)
>~
z
(el
3

. SIREFIAIEERR DA,

Host Host 1 Host 2 Host 1 Host
SendDR [ DR SendDR [~ DR SendDR [—_ DR
+ start timer — # start fimer e sendDRE +stat timer e end DR E
_99- start timer H ML | Starttimer
Send DR } pwsg Lost
R _ + stant time (Timeut) | .
Releass |+ H L -DR._ | sendoRE ( Timeout) | o
,,,,, ction + start timer ™ “ctart fmer end DR —e3y
oR_- + start timer
Release ) .
connection
sengack [ACK :
po g Send ACK | . H
.Eﬂfl-?' 'T'T'WV-' o ACK ) Release N Timaouts) {Timeout)
relzase — release release
nnction conneclon onnection connection
Final ACK lost, Lost DR causes Extreme: Many lost
Host 2 times out retransmissions DRs cause both

hosts to timeout
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FIERHEM:

BATXEFEARSAHR, BHABE 100%FRIEEME, 2RFEITERE,
ANEURSH, ERUENEZRER, RIAIRFOFER.
HERRE:

ATREZF BIMERNNIR. BENHEREECEAN, EREEFETE
WEINRE, ENLERARIERS THRZIINAR, HREREPESIZHRRE,
NRITIE, BIREFHN, KMFERHIEEES, LIEIRRTRERS,

ERTICERRRARAR, SBHRRESS, 5IMFARERNG, BEATECI
B, RZECHENEE,

sE&RH

> SEHH:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAMEE (RINR-5E 5 ) H
TokihRsE, 2011,

[2] BiF=, ITENMNE (F8h), BFEFIIHRI, 2021,
[3] James, F.Kurose, Keith, W.Ross, T &ML : BIRA T EECRXMR -5 7 i),
U Tl Hhiwdt, 2018,

[4] FiX, FRAIBEFEITENMEE [Computer Network Technologies in Depth] , H[E

IKFZKEB kL, 2017,

[5] FiRE), KiFEAME , MPZEFERRY, ARHFELRRME, 2019,

[6] Z=MRlH, 3050, TRIEHE, Spidis, BE, FURBESITEING (B=hR),

SREIZKFIZKER HhRit, 2020,

> MOOC/SPOC iFFEHIE :

[1] FEXZ MOOC F4&: SPOC iFi2: 2021 FitEHIMNE (Z5)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXRZE MOOC & I/RETWARE: IHEINNE (BRERFRE)
https://www.icoursel63.org/course/HIT-154005

144 / 207



https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
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https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

[3] FERF MOOC & BRRIWAF: IHEINE (BFERRE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT 2SFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (it 21)

RRA: s | S

A E

6.3 b EE gy | PR 2P
(2 Z07)

B ETNER:

fHRBR: EREEEEH, RERH.

gENER: EREERES, RERHNES, BRFETRERIRMTIZSCHAE
A, BARFEETFES. EaBE. HECEKKARLMR. BREZCIAYEE
ERBIR: AEER, BARFERRERE. MERERISH, *DEAE‘*E.%*—I‘
BARRERNRERIR.

HERS:
6.3 ZEiaihlFIRERS
tEmEERRS, e

FED:

EHEEEITE, MEEH.

HFEES

B
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

i | BA (B) (o)  REFRE, BYRMRFEIITRINEEEEEHR

g | EEHRE, SIHATRIIEREER,

2 |Bix (0) (4ot  HhHRATRNFEIBFIEK, BFEEES

% REEHNEEN,

i |EEM (P) (598 : HTAXHREREE, MdRENTERERE
EHI T R,
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s5x%3 (P) (74 23%)
(1) EmEREEHEL: T X/NUBEIEOMmN.

Foundation for error control is a sliding window (from
Link layer) with checksums and retransmissions

Flow control manages buffering at sender/receiver

* Issue is that data goes to/from the network and
applications at different times

* Window tells sender available buffering at receiver
+ Makes a variable-size sliding window

(2) =FegieREg: BIERNIESE), AJRANER=SE, EMER
RYZR =S A,

<> TPDU 3
a) Chained fixed- — 4

size buffers
b) Chained variable- '\ \ TPDU 4

size buffers Unused
space

\ ’
\

c) One large circular buffer

(3) MEEFIREE: TRX/RIBINEOMN.

A Message B B's Buffer Comments
1 — < request 8 buffers> — A wants 8 buffers
2 — <ack = 15, buf = 4> ~— [0J1J2]3] & grants messages 0-3 only
3 — <seq = 0, data = m0> —  [0J1]2]3] A has 3 buffers left now
4 — <seq =1, data=m1> —  [0J1]2]3] Ahas2butfersieft now
5 <seq = 2, data = m2> [0J1]2]3] Message lost but A thinks it has 1 left
6 -— <ack =1, buf = 3> -— 1[2]3]4] Backnowledges 0and 1. permits 2-4
Y Sl <seq = 3, data = m3> — 1121(3|4 A has 1 buffer left
8 — <seq = 4, data = m4> — 1121314 A has 0 buffers left, and must stop
9 — <seq = 2, data = m2> — 1123 ]4| Atimesoutand retransmits
10 -— <ack =4, buf = 0> -— 1234 Everything acknowledged, but A still blocked
h i AR s <ack =4, buf= 1> _-— 2|3|4|5| Amaynowsend$S
12; = <ack =4, buf = 2> - 3[4|5]6] Bfoundanew buffer somewhere
18— <seq = 5, data = m5> — 3|4|5|6| Ahas1bufferieft
14 — <seq = 6, data = m6> — 3|4]|5]6 | Aisnowblocked again
1§ -— <ack = 6, buf = 0> e 3|4]|5]6 | Aisstilblocked
16 see <ack =6, buf = 4> -— 71819 [10] Potential deadiock

(4) HEEF: ERERHRENRE, MWEERZFHIBENSBEBE
ZEER.

(5) EREERILKEREERERR: KELUEHARREREREERE, H
— BT RIEIRE A SR, SMbEHREDREmRE, T HINEE,

147 / 207




PIEFREHIRE RS IR,

Small-capacity
PRCRIVEr

A fast network feeding a low-capacity receiver
- flow control is needed

(6) ATHERUIEEEFWHIBERIBR

v g

A slow network feeding a high-capacity receiver
9 ongestion control is needed

Bl (P) (79%h) : EAFRESEH 1 EUNER, WAFESTHE
EtEnERERBRINERREE.

R SRR a AR E?

B4 (S): Gof) HNREGRERNS, BEFIER, EhEEEES,
nErEH, mEREFIL,
21U LR
1. (EREEEES: ERESEFFRENENE, S MFLHITHRS.
mERH: EshE O CEIlRER .
iﬁ,m*"ﬂ'
mErEH: B EOMYAIEI, BOXNMIREE, BWRXTT
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Z BRI,

BEEN: 6-11, 6-14

b‘iﬁiﬁi‘l‘:
1. HmiE 7|‘}§:Er§| ?—E?—_ﬂ' [BEh=SEF 11%ﬁﬂﬁL,{&1jEﬁ9&,\\\o

b) Chained variable- \ . TPOU 4

size buffers Unused
space

\ .
\

c) One large circular buffer

AR R/NYERIE Y.

A Message B B’s Buffer Comments
1 — < request 8 buffers> — A wants 8 buffers
2 -— <ack = 15, buf = 4> -— 0]1]2]3]| Bgrants messages 0-3only
3 — <seq = 0, data = m0> — 011]2[3] Ahas 3 buffers left now
4 — <seq =1, data=mi> — 0|1]2]|3 | Ahas2butfersieft now
5 <seq = 2, data = m2> 0]1]2[3] Message lostbutA thinks it has 1 left
6 -— <ack =1, buf = 3> = 1]2[3[4]| Backnowledges0and 1, permits 24
7 — <seq = 3, data = m3> — 12 |3|4]| Ahas1bufferleft
8§ — <seq = 4, data = m4> — 11213]4 A has 0 buffers left, and must stop
9 — <seq = 2, data = m2> — 123 ]4| Atimesoutand retransmits
10 -— <ack =4, buf=0> e 1|2 |3 |4 | Everything acknowledged, but A still blocked
i R <ack =4, buf= 1> -— 2|3]|4]|5| AmaynowsendS
12 == <ack =4, buf = 2> s 3[4]5]6]| B8foundanew buffer somewhere
198; == <seq = 5, data = m5> — 3145 |6]| Ahas1bufferleft
14 — <seq = 6, data = m6> — 3|14(5]|6 A is now blocked again
1§ = <ack = 6, buf = 0> - 3|4|5)6 | Aisstillblocked
16 oo <ack =6, buf = 4> -— 71819 (10| Potential deadiock

FIERHEM:
FESHMENTEKREE, BRIKE—FETEMN, "ATTA, ELER
BNEZRER, KEIRENFES,

HERB:

AR FEMEAR. BB NMERERCERUAMN, EREFEFEXE
MEBEEHE T IRZAGAR, HREEEPSSIZEERRE, NMAITS, BEVS
BEAN, KUEEBEHIEEEY, UEERATEREANS, BINHCENER=
AR, EHRRESS, SIMFERERG, BEPARECHNEN, NMZECH

149 / 207




EpapsICIR

SERRH

> SEHH:

[1] Andrew S.Tanenbaum, David J.Wetherall, T8I (FEhR-5E 5 hR) U
TllithkRit, 2011,

[2] B, TR (56 8 k), BFEF IV, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BT NG ECRXAR- 5 7 iR),
AUl HERRet, 2018,

[4] iR, FRABEFEITENIMNEZS [Computer Network Technologies in Depth] , HE

IKFZKEB ket 2017,

[5] FiRE), KiFEAME , MEBZEFERR, ARHBELARFL, 2019,

[6] Z=MElH, %3050, BRIEME, Spidis, BE, HURBESITEING (B=hR),

SREIZKFIZKER HhRdt, 2020,

> MOOC/SPOC iRFEHIE :

[1] FEXZ MOOC F4&: SPOC iFiE: 2021 FitEHIMNE (Z5)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXZE MOOC ¥&: IBRELIWXE: HBEINE (ExEmEFEE)
https://www.icourse163.org/course/HIT-154005

[3] FEKXZFE MOOC F&: ERRWKRE: ITEINE (EZREmIFE)
https://www.icourse163.org/course/NJAU-1001752039

> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
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https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
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https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
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GTEIRLE) FEHFR (Bt 22)

o R | IR

FNEERE

6.4 BELREHETMY UDP ] -] 1}\ H% 3-475
(2 Z207)

#FBiFeER:

FHLRE#R: UDP MY, imiZlFAY, SCRIEREMNY.

BENB#R: UDP hRYES, 1I5AFATESIRMIIECHEEN, BRFEEE
23, a8, BICERRSIR. RERARAIBES.

ERBIR: AEER, BARFERRER. MERERSH, IETREERR
BARRERNRERIR.

HERS:
6.4 BEXRUERITMY
UDP ti¥, Tf2MrEnY, sSCRT{EHEiY

FED:

UDP ¥, i, SER{EmEimid.

BFER:

UDP %,
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

i | BA (B) (54a#h) : BEFRR, BUEMFEIZAMERENR, 5IHA

o | PR,

2 |Bin (0) (43  BPHARTIRIZI BIRFNEK, 3278 UDP 1Y

g | EBRMAIEEY.

i+ B (P) (5o : HTKEHFRREERA, WinFENST UDP 1MYAY
THREE.
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Bl 3

UDP=FESEHN—TEARE?

s5x%3 (P) (7493%) .
(1) UDP ZENX.: User Datagram Protocol FHP BRI,

(2) UDP kEBEE: BIEA/NEEPZE, AIRA/NERZE, BIMER
HYZRIH=S A,

32 Bits
‘ | | | | | | | | | | | | | | | ‘ | | | | | | | ‘ | | | | | |
Source port Destination port
UDP length UDP checksum
fkEB: RIS, Rt TER
(3) UDP {fuk3B: RIHRGEG(ER, A TiEH.
32 Bits
Lo v b e by e by
Source address
Destination address
00000000 Protocol = 17 UDP length
Client CPU Server CPU
g Client Server,
Ci rt\ stub stub TN
1en Server,
—> i
Operating system A Operating system

3 J

Network

(5) SCHY{%&% RTP (Real-time Transport Protocol): £ UDP &t FASCATE

R AIT.

Ethernet IP UDP RTP
header header header header

User [ Muiltimedia application

space RTP "

W ¥

Socket interface | RTP payload
UbpP
0s
Kernel 1 P UDP payload ——»
Ethernet - IP payload -
Ethernet payload
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(6) RTP SLEPLEH:

32 bits -
I I O [Pttt [ |
\Ver, P‘x‘ cc ‘M Payload type Sequence number
Timestamp
Synchronization source identifier

________________________________________________________________________

(7) RTP %

Packet 8's network delay is

Packet depats souce B B B @ too large for buffer to help
Constant rate ] |
I 1
Packet arrives at buffer E| B
Variable rate
Packet removed from buffer |- Time in butfer -.|I| B B E| '3

Constant rate
=— Gap in pbyback
T YT T ST TN T N Y N N [N N Y N S
0 5 10 15 20

Time (sec)

(8) RTP #i=):

w .‘Q
T []
S 35
a 2
@ ke
& 3
© S
o o
[ (e .
*=| \*— Low jitter
Minimum Delay » Delay
delay
(due to
speed of

light)

Bl (P) (79%h) : FEARELSE 1 BUNEE, WilZ4E3ST UDp
MY ERIERE.

IEEEEE 14

UDPEWERRMHA? [1E=1]
B4 (S): (5o HPRERENS, BEFIER, UDP MY, imfg
FE0Y, SCRAMEEIY, fRERE(E.
FMR=39:
1. UDP: FGHEELER, RN, BER, ERE, BEAAE,
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2. ImFENFRY: WESEZ CERITANTAENFAY AR ER.
3. SCRMEENY : 7£ UDP Eitl E9SCAMERR M.
et
UDP: SLEREEHIFNLER, MNEERENE, TERFIELARER
SEEl, DN ER EIRITRIE RN,

BEE: 6-15, 6-16

Rt
1. MBI RBEISFEFS UDP LEREMFI(ALED.

Source port Destination port

UDP length UDP checksum

32 Bits
S ST T T Y T YT S Y N N B B B N

Source address

Destination address

oooo0o0000O0 Protocol = 17 UDP length

2. RTP ZZ/PAYRIHFISEER,

Packet 8's network delay is

Packet depats source EI : EI too large for buffer to help
Constant rate - i |
| 1
Packet arrives at buffer "1_‘ E‘ ’;I H IE‘ H H ’g‘
Variable rate
Timei
Packet removed from buffer |~ e In bufler -- B E| 18!
Constant rate L
| 1 1 1 L | 1

== Gap iln phlyback
L ! L J

IIIIIIIII 1

0 5 10 15 20
Time (sec)

FIERHEM:
FEZSMHENTEKEE, BRIRE—FETEMN, "ATLTA, ELER
BNEZRE, KEIRENFES,

HERB:

ATRNBFERMERIR, BENNREEEEERAK, EREFEFEN
UDP MY E TRZAGAIR, HRIREREESzAERERER, /NMAITIE, BIaESE
B, RIFEBHIEEET, LIEFEATRERS, EIICAIERARA,
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IEERARESS, SIMFERERG, BEARECHNXER, X BCHNS S

[1] Andrew S.Tanenbaum, David J.Wetherall, I+EHIMEE (&3R5 S hR) YU
Tl ks, 2011,
2] RIS, BTN (55 8 ik), BFEBEFITIHRT, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BIRME NAECRXAR-5E 7 iR),
Ul HRRet, 2018,

[4] iR, FRABEFEITENIMNZS [Computer Network Technologies in Depth] , H[E

IKFZKEB HHRRAL, 2017,

5] FIRE), KiFAME , WEREEFEEN, ARBELME, 2019,

6] ZEiH, 130T, BB, MiE, e, HIREESIHTETIMNG (B=hR),

HREKFIZKEB HARAE, 2020,

> MOOC/SPOC BIE&IR:

1] FEKXZE MOOC & SPOC FF2: 2021 FitEHMLE (=)

https://www.icourse163.org/spoc/learn/SDU-1462809161

2] HEXRFE MOOC 5 R/RETIWAZ: IHETMNE (ExREmEE)
https://www.icoursel63.org/course/HIT-154005

3] FEXE MOOC ¥5: ERAWKZE: IHEIMNE (EREmRE)
https://www.icourse163.org/course/NJAU-1001752039

> MIT 2THR&EIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
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GTEIRLE) FEHFR (it 23)

o R | IR

FNEERE

6.5 BEAREHIIMY TCP S ] 1?\ H% 1275
(2 Z207)

#FBiFeER:

LR BHR: TCP IRSFHREEY, TCP LEREEH, TCP EBINERIRE, TCP IASREL,
BEHBEIR: TCP NEY, ERFETEEIRMNIESLLREEN, ERFERFES.
FenBE. BHICERRLR. EREZNRAYEEN.

ZREIFR: LEER, EFRFERTRR. MHIRENBE, FIaRFAEERR
RERNSEERR.

HFAE:
6.5 BEM{EHtMY TCP
TCP fRSBHEEY, TCP SLEBeEt, TCP ENEEIIFE, TCP IRSHEEY

FED:

TCP RSBHREY, TCP LEREH, TCP EILNERTTE,

BFER:

TCP SLERZEHA,
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

M | SA (B) (5954 - RS, BEEMEILN UDP MR, 3IHAT

o | IRAIHE R,

2 |Bin (0) (4 8% | HHARTRNZI BNESKR, 3&8iF TCP MY

g | EBRMAIEEY.

it B (P) (5&%h)  FTAXLFREEE, NWIFEXTT TCP YA
THREE.
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HE 35

TCP=AF RS BIEH="TAINGES?

s5:F3 (p) (74 93%h)
(1) TCP EX.: Transmission Control Protocol {&EfEHtim.,

(2) TCP {2HIRSSAVEERY IR :

Port | Protocol Use
20, 21 FTP File transfer
22 | SSH Remote login, replacement for Telnet

25 | SMTP Email
80 | HTTP World Wide Web
110 | POP-3 Remote email access
143 | IMAP Remote email access
443 | HTTPS Secure Web (HTTP over SSL/TLS)
543 | RTSP Media player control
631 | IPP Printer sharing

(3) TCP FWHIRFTIRMAZHRR.

IP header \ ; TCP header
A

A 1B c D A B COD
Four segments, each with 512 bytes 2048 bytes of data
of data and carried in an IP packet delivered to application

in a single READ call

(4) TCP kEEH: HIDEFMEHARET N FROS AR FRITES
(EJzEN

32 Bit:

Source port Dastination port

Sequence number

Acknowledgement number

TCP CIE|U[A|P|R|S|F
header WIC|R|C| S| S| Y|I Window size
length RIE|G|K|H|T|N|N

Checksum Urgent pointer

Options (0 er more 32-bit words)

Data (optional)

-
I

(5) TCP fakEB: RUMRBaREA, 1E% TCP HURRERBNLHEF.
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32 Bits

Source address

Destination address

00000000 Protocol = 6 TCP segment length
Resemved e
Source | Dest | Protocol sum
Address |Address TCP Header TCP Data
TCP
Length
! Pseudo-Header TCP Segment .
™
ﬁv-—'

Checksum Calculated Over Pseudo Header and TCP Segment

(6) TCP EEAHREL:

State Description
CLOSED No connection is active or pending
LISTEN The server is waiting for an incoming call
SYN RCVD A connection request has arrived; wait for ACK
SYN SENT The application has started to open a connection
ESTABLISHED | The normal data transfer state
FIN WAIT 1 The application has said it is finished
FIN WAIT 2 The other side has agreed to release
TIME WAIT Wait for all packets to die off
CLOSING Both sides have tried to close simultaneously
CLOSE WAIT The other side has initiated a release
LAST ACK Wait for all packets to die off

(7) TCP&E#: IEEME

Host 1 Host 2 Host 1 Host 2
SYN(SEQ = ) —ThsEQ-
T sy (gEQ=Y) 1
-—'_-'__'_
£ = n sx )
5 oy ACRERT T ACK
(S SvH ‘s_E:.i_ﬂL_d_-— o (sEQ sifﬂf"’"
\ 1.2
|(SEQ =y, 4 )
—ACK=y e )
(a) (b)

(8) TCP EIRNGHREY

(Start)

CONNECT/SYN (Step 1 of the 3-way handshake)
CLOSED
CLOSE-

LISTEN- | | cLoSE~
SYNISYN + ACK 1
/O the S-way handshake) | LISTEN
i
o RSTi~ AN SENDSN oo
RCVD | SYNISYN + ACK (simultaneous open) SENT
(Da\;\ ransfer state)

ACKI- SYN + AGKIACK
[estaatisteo | (Step 3 of the 3-way handshake)

CLOSEFFIN j

CLOSEFIN FIN/ACK

(Actve closs)

FINIACK

CLOSING
‘ ACKI-
\FIN~ACK/ACK
WAIT 2 FINACK WAIT

(Timeout/)

[T = B AR . v

(Goback to start)

Bl (P) (7 53%h)

(Passivé'dose)

CLOSE
WAIT

T
| CLOSEFIN

1
LAST
ACK

(ERMRELST 118N

iz

, WEFEXSF TCP
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XA S UR RIHBANERRERE,
R 14
(201142 7F40580) =M FA Az (@ &8 T
—ATCP#EH, EAFEENLLET I FEER
TCPE:, 4 #lE-4300F % . 400F % F2500F ¥ B9
HHER, SINMENFF00. FENLAEHR
IS E3 M, M EH 7 &3S 4 F 58
WFEEE ()

© 300 @ 500
© 1200 © 1400

BE (S): (GHM) WIRERERNS, BaFIER, TCPIRSER,
TCP SLEP&5H, TCP EMNERITRE, TCPINGIREL, fmEIRE(FLL.
VR DE R

1. TCP: FEEEINERAFIERZ, U5, (BERHANEER,

2. TCP ékﬁﬁéﬁ@: fiﬁepa—ﬁ\f?“—ﬁxﬁ’ﬂé)&mﬁ\“ F.

3. TCP EIERIIRE : ENERIERIS R, W ALERFERSCIl
=IREEFE,

MR

TCP SLEREEH: SLEREEFIRN0SLER, MUEEREN, EEEZR
TELURIERSERE, AR FERSEI =IRIETF.

BEEI: 6-17, 6-20

bﬁﬁi&i‘l‘:
1. MBI BS |SFEFS TCP LEBLEMFISLER.

32 Bits
\\\\\\\ T T S T O SN T SO S S N R B

Source port

Destination port

Sequence number

Acknowledgement number

TCP C|E[U|A|P|R|S|F
header W|CIR|C| S| S|Y]|I Window size
length RIE|G|K|H| T|N|N

Checksum Urgent pointer

Options (0 or more 32-bit words)

Data (optional)

ol
o
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32 Bits

Source address

Destination address

00000000 Protocol = 6 TCP segment length

2. TCP i&#25CH,

Host 1

(a) (b

FERHEM:
TCP #1 UDP WM IERIMIERE, HFEEIRTS, FROBEXR, UtESsm
ZEHEE, EUMLBERT, ENEGZSREER, KEIRENFESR.,

HERB:

ATRNBFERMERIR. BENMNRREHEERAK, EREFEFEN
TCP MYE TiRZIHPAIR, HESREDEEIZERRE, NETie, MilaESs
B, RIFEBHIEESETF, LETFEATRERNS, EBIICAIERARA,
EERRESS, 5IMFERERG, BEPARECHNER, NuZECHEHA
[,

SETR:

> &EHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, I+ENIML (FSThR-55 5 hR) U
Tl HiRRE, 2011,

[2] BiF=, TTENMNE (F8h), BFEFIIHRI, 2021,
[3] James, F.Kurose, Keith, W.Ross, T &ML : BIRMA T EECRINMR-ZE 7 i),
M Ml R4, 2018,

[4] FiX, FRNIBFEITENMEE [Computer Network Technologies in Depth] , H[E
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https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

IKFZKEB ket 2017,
| FPiRED, KiFAME , WEEEFERR, ARBRELMIL, 2019,
6] Z=EH, $530C, BRI, 3pEE, BUE, FUREESITEIMNG (F5=hR),
EP7J<3FIJ7J<EEthH&7~i, 2020,
> MOOC/SPOC BIEEIR:
11 FEXE MOOC F&: SPOCFFE: 2021 FITENMLE (=)
https://www.icourse163.org/spoc/learn/SDU-1462809161
2] FEKXE MOOC ¥&: IRREIIAS: iHENE (ERBRIFRE)
https://www.icoursel63.org/course/HIT-154005
] FEKXFE MOOC & mRARIWKXE: IHEINE (EzxEmEE)
https://www.icoursel63.org/course/NJAU-1001752039
> MIT 2SFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (Bt 24)

o R | IR

FNEERE

6.5 BEAREHIIMY TCP S ] 1% H%’ 3-475
(2 Z207)

#FBiFeER:

FRB#R: TCPIgzhEO, TCP RAIEE, TCP H=EH.

geNER: TCP BHEOLINRAEEHNTS, BRrETERIRTI TIZESCHAE
B, BAERFEREFS. FBE, BCKRLR. BREMEMAYEES.
ERBIR: AEER, BARFERRER. MERERSH, IETREERR
BARRERNRERIR.

HEAR:
6.5 BEELR{EEIMY TCP
TCP /BEIEO, TCPEAETE, TCP HEREH

HFES:

TCP iBEIEN, TCP BIRETE, TCP ZREH,

e ek

TCP ;BB M, TCP #ZEEH,
HEFRENE:

# | BOPPPS #it+/ VAR HES AR T+ FTIREE

s

g | #git:

i | SA (B) (5o%h) : IREFR, BEERFEIEHN TCP ALR, 5IHAT

g | RIS,

2 |BiF (0) (48 : BDHAKTIRAZES BIFNER, 328 TCP 8

g | EOMSGIREEHNEEE,

i B (P) (544 : BUTKEHFIRERM, WHPENTF TCP BhE
OEY T R E.
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S

TCPEE B0

S5F3 (P) (749t
(1) TCPBHEN: KIXHUARXEIEER ACK ] WIN R7E,

[T v B ——

we ([ (X Tseozam

(2) BFXRENSSE: %’iﬁ&ivt“ IERARE—FHRIEE,

( ~

Receiver's buffer is full
]

Application reads 1 byt
|

[ =—— Room forone more byte_|
]
Window update segment sent
|
[Header [ ] New byte arrive

/ |

1Byte Receiver's buffer is ful

(3) TCP HY/B)EIE: TCP M \)—*. RTTs 15%%155]‘@

03
L 0z _ o2
01 011
0 0 1|0 2‘0 3‘0 4‘0 5‘0 0 1 ‘0 2‘0 3|0 40 5|0
Round-trip time (microseconds) Round-trip time (milliseconds)
. e
(4) TCP iHZEEH]: TCP (EARATEKXESSH AIMD SCIAZEEH,
Name Mechanism Purpose
ACK clock | Congestion window (cwnd) | Smooth out packet bursts
Slow-start | Double cwnd each RTT Rapidly increase send rate to
reach roughly the right level
Additive Increase cwnd by 1 packet Slowly increase send rate to
Increase each RTT probe at about the right level
Fast Resend lost packet after 3 Recover from a lost packet
retransmit | duplicate ACKs; send new without stopping ACK clock
/ recovery | packet for each new ACK
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(5) TCP FEBEI=HIAIXESR: HFE/Y cwnd BiE RTT,

1: Burst of packets 2: Burst queues at router
sent on fast link Fast link B and drains onto slow link Slow link —|
L] cooD D > [ wotione ||

5SS
. q 0 g g

Sender ‘W . Receiver
4: Acks preserve slow 3: Receive acks packets

link timing at sender Ack clock at slow link rate
(6) TCP 1BEafEHUEIENMAZERT A/
TCP Sender TCP Receiver
cwnd=1 Data

Acknowledgment
cwnd=2 1 RTT, 1 packet
Increment cwnd for

each new ACK ~ 1 RTT, 2 packets

cwnd=3
cwnd=4 =
cwnd=5 | s  1RTT, 4 packets
cwnd=6 J
cwnd=7 B
cwnd=8 [T oS-I - 1 RTT, 4 packets
Tl (pipe is full)
=\ < .
(7) TCP |EiERBEIE cwnd:
TCP Sender TCP Receiver
cwnd=1 Data
ACK ——
) ]»1 RTT, 1 packet
} 1 RTT, 2 packets
cwnd=3
} 1 RTT, 3 packets
cwnd=4
1 RTT, 4 packets
cwnd=5 g e L - 1 RTT, 4 packets
TRRSIIIzzs--ali (pipeis full)
(8) TCP Tahoe &Hj%:
=% Additi
40F ff{:\; """" * inc reltans:ee

Packet
loss

Threshold 20 KB

Loss causes timeout;
ACK clock has stopped

so slow-start again \

Transmission round (RTTs)

(9) TCP PERIKREEIL (TCP Reno)

Gongestion window (KB or packets)
Ny
=3
1
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Slow

f stari Additive
I}

=¥ increase

Packet

!
Thresh,=-4=* loss

Fast
recovery

Multiplicative
decrease

Thresholg——-se*

r\ Threshold -~

The ACK clock doesn't stop,
s0 no need to slow-start

Congestion window (KB or packets)

....................
0 4 8 12 16 20 24 28 32 36 40 44 48
Transmission round (RTTs)

(10) TCP SACK

Retransmit 2 and 5!

Sender <] < < d Receiver
ACK: 1 ACK: 1 ACK: 1 ACK: 1
SACK:3 SACK:3-4 SACK: 6, 3-4

MNo way for us to know that 2 and
5 were lost with only ACKs

Bl (P) (7523%) : ERAMRESE | BUEHEE, Wl FEXST TCP
A SIAR R IHANEEEE.

FE 5

(— Lost packets —\

e @ B 2 ‘ ‘

EHECHESEMBENEE,

B4 (S): (GoH) WIRERERNS, BESGFEIER, TCPBmIENO,
TCP FEEE, TCP =R, mEREFIL
RV :
1. TCPBalEO: AJZ8siEOmY, KXHFELR ACK F] WIN 3R
o
2. TCP RHAIEIE: HIREFIEXIFIERENETE.
3. TCP #iZEizHl: BEmEEZNREBEMNTIEIRE.
MESRIE -
TCP $B2E4zHl: Tahoe F1 Reno BEEAIXEI.,

BEEN: 6-21, 6-22

Rt
1. HMBEERB5I1SFEFS TCP iBHNEOMN.
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eeeeee

\\\\\\\\\\\
4

14 B

g

—

R

;

0 Bk
ES

-
Application
T reads K
CHES
s
2. TCP Tahoe #] Reno &j
. F+I1O0
Slow == Additive
~ %9 rs|grt ---- increase
o
5 40
s =
i Threshold32 KB 2
| e e §=
2 5 wf M
: ® g L
E 20 %
H 2 20
§ 15 Loss causes timeout § ,
H ACK clock has stopped H
] oF so slow-start again :3:’ 1 The ACK clock doesn't stop,
sk N \ so no need to slow-start
N T S S PR SR S R S ST S S S S S S ST S S S S T S S SR
0 2 6 8 10 2 4 16 s 20 2 2 2
Transmission roun d (RTTs) L ATTs)

IREEHEM:

TCP {EENEAWIRERAEEUIG I AIENEIEE, 2IARERZMEHER,
BN EFRERENRERR, AEPRSEEIE—HmN, TEIER,
BINEEARRE, WO ES.

HERB:

ATRNBFERMERIR. BEHMNRREHEERAK, EREFEFEN
TCP HHEEFFNBNE OMINE TRAEIAIR, HREEPESEARRE, /)
Hitie, NAEEH, RNFEBELIEEESY, EERADERERNS, &
FRTICENERRRA, [BERRESS, 5|IMFERERNG, BEARECHGE
=, WM BECHSNEE.

SETRH

> 2EHHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, T8I (FEhR-5E 5 hR) U
TlkidhkRet, 2011,

[2] B2, HHETMZ (56 8 k), BBFEFIIHMRIE, 2021,
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[3] James, F.Kurose, Keith, W.Ross, TTEALMLE: BIRE FZAGXMR-5E 7 IR),
M Ml R4, 2018,

[4] FiX, FRNIBFEITENIMNES [Computer Network Technologies in Depth] , #[E
IKF7KEB HRReL, 2017,
51 FPiRE), KiFAMgE, MBS EFEZRN, ARBELML, 2019,
6] Z=ABIH, 306, BB, M5, BUE, FIRBESITEIMEG (F=hR),
EIJ7J<3FU7J<EEHjHJ§%i, 2020,
> MOOC/SPOC IRIEEIR:
1] FEAZE MOOC F&: SPOC IFFE: 2021 FItEHMLE (ZH)
https://www.icourse163.org/spoc/learn/SDU-1462809161
2] FEXRZF MOOC 5 IR/RETIASE: ITETME (EGEmRE)
https://www.icourse163.org/course/HIT-154005
] PEXZF MOOC F&: MmRRIAE: HENMNG (ExRBHEIFE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (it 25)

RIRR: ek | moE
FNEEHE

A e 13 J& 127
6.6 1EiaEHee ] ] H% iE

(2 Z207)

HF AR ER:
HEIRBR: (EREteen, MEeelE, EVigit, RRs FE, SLEfE
95,

BENBIR: FhEMEFY, BRFETRERRNITRELREEN, BRFEEE
23, EaBE, BICERRSIR. RERARAIEES.

ERBIR: AEER, BARFERRER. MEREREH, BT REERR
BARRENEERIR.

HFAR:
6.6 {EHIE MR
EmEMREn, MEMEENE, FHIRIT, HREDFLIE, SLEpEYE.
FER:
EmEMREn, MEMEENE, FVIRIT, HREDFLGIE, SLEpEYE.
s
RILEEBETIE .
HEFERSHE:
# | BOPPPS #UE+/ BT AR S 4 + TiR
A
x| sEEit:
i | BA (B) (5a#) . BEFRR, BIRMFISHNEEEERR, 5
i | AR,
2 |Bin (0) (4o  HhHRATRNFEIBFNEKX, ‘BEERESE
o | EEEEES,
i+ Bl (P) (54%h) : HNKEHREREEE, Wl FEXTEREIERE
T REE.
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T

SHESER, MEsSThiEEs

251F3 (P) (74 9H) :
(1) EmEMREERE: AINREEE SNSRI E £
H, EEEHEREBRLEFEEIDN.

(2) MEERENE: GEINEZIEFEREILENXE, BERESTSHE
—LEBapA, HlEn: RISRIRESAEMERB T REETIE.

(3) EREEMIZSRIENIRIT : HREERRENIE T RS AKIFEM IR E,
RIEETGAI—EERNF: EHRRELLMSEREEE, B oE
THLAERDESNTIE, SAMCEIRE, S/IMERBEEN, BREZEEN
REPIREEEE, BB,

Rules of thumb for fast host software:

» Host speed more important than network speed

* Reduce packet count to reduce overhead

* Minimize data touching

* Minimize context switches

» Avoiding congestion is better than recovering from it
» Avoid timeouts

(4) REDFALE: ERREEEHTINR, MRS EFHARISER, Hit
PHRALUZRIFFALIE,
@\I‘._ B s::llc::g Segment passed ttet;zit:‘feil:ri:;e:; C:;; @I
=— Trap into the kernel to send segment -l J. N
L @ R k
T gy — - —
~o— ]| |

IS

MNetwork

(5) PREZHAE: BB EILEEREERERR, ELATLURRREI—
NEERMEE—, IIERALIRITIE.
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Source port ‘ Destination port VER. ‘ IHL ‘ TOS Total length
Sequence number Identification ‘ ‘ ‘ Fragment offset
Acknowledgement number TTL ‘ Protecol Header checksum
Len |Unused | ‘ | | Window size Source address
Checksum Urgent pointer Destination address

(6) kEBESE: [E4aLARATREIBZIRYRR

Overhead can be very large for small packets
* 40 bytes of header for RTP/UDP/IP VolP packet
* Problematic for slow links, especially wireless

Header compression mitigates this problem
+ Runs between Link and Network layer

+ Omits fields that don’t change or change predictably
— 40 byte TCP/IP header > 3 bytes of information
+ Gives simple high-layer headers and efficient links

(7)“L0ngFat”|X—le§flﬂEA MEEBREIIHE (Fat) FESAIER (Long) ,
lﬂf§lj\]*‘l37_11%1§<§’71.:.,w

o S M o5 - e

1 LY ks
- e y \ Jodgemer —
ol - A R Vi

20ms after start 40ms after start

San Diego 2 Boston

(8) “Long Fat”RJZ5RIXIHRME :

1000 sec —

100 sec —

10 sec |

1sec—

100 msec |

File transfer time

10 msec —
Propagation delay
1 msec —

1 1 1 l 1 1 1 1
10 10f 10® 105 107 10® 10® 10" 10" 107
Data rate (bps)

Minimum time to send and ACK a 1-Mbit file over a 4000-km line

Bl (P) (793 : FEMREELSE 1| Eld#EE, WiF4EXSTF Long
Fat (WENEREE,
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Bl
B AEREWTT “Long Fat" FE?

B4 (S): o) HNRESRERNS, BEFIEN, ERHEMREEH,
MEMEENE, VIR, RESRWGE, L3R, HmEIREIEL.

R340 -

1. (EHEMEE: HRERHE—NMRRURZENYNEEINE,

2. MILBIEREIE . MRS R,

3. FHIRIT: ARERETZITAIENMNY.

4. SLERESE: ATEMIERT A TLERESE.

MR

RUEHEUE : GRIDERE (0 TR, B85, E1tE, Z6%,

%), TUREEINGCEER.

BEEN: 6-23, 6-24

Rt
1. HMEERES | SFEEFIRES FLE.

(3)=—_ Sending Receiving process O
\I/ process Segment passed to the receiving process 5~
l"‘-— Trap into the kernel to send segment ’_‘/..{:l\ N
P i S -
@ = @ s
e N
- T

o )

MNetwork

2. “Long Fat”fZ& RN XIS,
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1000 sec |

100 sec

File transfer ime

100 msec |

10 msec —

Propagation delay

| | |
0% 10¢ 10° 108 107 10®8 10° 10" 10" 1™
Data rate (bps)

Minimum time to send and ACK a 1-Mbit file over a 4000-km line

FIERHEM:
HREABREMNZIZITBEIN— M EEEENE™R, —MMUGKITIRIIS
B, EEUCRAIMRENEREE.

2

FRE:
AKERNHZEREAR. sENfIREERCBERIARN, EREFEFEXME
EEMRLARE TiRZAVNAIR, HREESTSEESEARRE, NEITE, FEls

L4

BELHN, RINFEEHIFREEF, LIGERRATERRRS, EBiIieangRs
R, EHRRESS, 5|IMELERERND, BEPATRECRIER, NMIZBECH
BH7EME,

SELR

> &EHEB:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAIMEE (RINR-5E 5 i)
TokihRst, 2011,

[2] W&Z, THEVIMZE (5 8 M), BFEFITIERE, 2021,

[3]James, F.Kurose, Keith, W.Ross, ITEHLRZE: BIRE F/ZAGEXMR 58 7 hR),
Al HhRsE, 2018,

[4] Tk, FNERITEHML [Computer Network Technologies in Depth] , HE
IKFUZKEB HhRFL, 2017,

[5]1 FPiREN, RiFEAM , WBEEFEZER, ARHBELARIL, 2019,

[6] =R, $30K, FRBIE, 3PelE, BUE, FIRBESIHEING (F=W),
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html

SREKFZKEB HRRAE, 2020,

> MOOC/SPOC FIE&ER:

1] FEAS MOOC & SPOC IFFE: 2021 FItENIMLE ()
https://www.icourse163.org/spoc/learn/SDU-1462809161

] FEKXZE MOOC F&: BRETIAKE: HENMNE (ERERIRE)

https://www.icoursel63.org/course/HIT-154005
3] FEXE MOOC & mRARWKE: i8NS (EXRERFEE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT AFHRSEIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHFR (it 26)

E‘%EE: BRSEE | ISR
FNEERE
B R 7 . . 13FE34T
6.7 JEIRFZMLE DTN RATE] ® i
(2 =)
HFBEREK:

HHRB#R: DTN (AREH, SN,

BENEIR: DTN AREWHHRESMMNAIZS, BARFETIERIRM TIESCHAE
B, BAERFEREFS. FBE, BCKRLR. BREMEMAYEES.
ERBIR: AEER, BARFERRER. MERERSH, IETREERR
BARRERNRERIR.

HFRE:
6.7 IEIREZ ML DTN
DTN {REREHE, WG,

FED:

DTN {RREM, RGP

BFER:

DTN {RZE L5,
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

i | BA (B) (54a#h) : BEFRR, BUEMFEIZAMERENR, 5IHA

o | PR,

2 |Bin (0) (4ot  HhHRATRNFIBFNEK, BFERER

i | MBS,

i+ B (P) (5o @ HPTREHEREER, WdFENTIEREEMN
T RERREE.
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&535

==
froBmEETRE

F3 (P) (745%) :

(1) DTN FREH: NEREMFEEEEZIEILIg(ERmEE. ER

L\bA
Hbz:

(2) &

#wEMET DTN TR L.

"
\
Sent \ Contact Intermittent link
bundlej Y (working link) ( (not working)
A
A A
Y Ay
DTN o \ N\
node orage \
\ o b bundle '
Fﬁ* —————————————— (S e ——— m@
Source Destination

ERTET R0 DTN 351

. ' Satellite \Tﬁ::ﬁ
ﬁ‘ 3 g _——*Q@
»— Intermittent link *

~—— Contact i (not working)
Bundle — (workmg link)
N Storage at "r ]
"-’

o> v/DTN nodes ;

=7 o
=

e

Ground | y
station \D\@

Collection point

(3) GBI R TCP BE Htb & AN AERRM DTN RS,

Application :;52:
Bundle Protocol
DTN
layer
Convergence layer Convergence layer
TCPIP Other Lower
Internet internet layers

(4) IREPMERRBIV: RIEUFI BRIty ESEIIE, iRBmOSH 1P

itk ;

%/ \THEL \Egﬁﬂ E%L)\j:ﬂf I% y‘&i'ﬁ °
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‘ Primar y block Payload block

T
-
-

-

-
Bits 8~ 20 variable

-~
l\.-'sr.‘FIagsLDest. ‘Snurca‘ Report ‘Custodan\l:reatlnn| Litetime ‘chtlnnary
< - 1 |

A
Bits ™

XEEIRRERE,

ImgBaY, mEREEL.
YUK

ihasAg=
MR

8 8 “variable

‘ Type ‘ Flagsl Lsngth‘ Data l

Bl (P) (743%) : EAWRESE 1EWUNEE, WilFEXS TR

=
BSR4
B4 (S): (GHM) HIRERERNS, BEFIER, DIN (KR,

1. DTN ARG WNEREFEESER I USERLEE,
2. HRARINY ;. (£ TCP BvE EAEmiY I FBER M DTN ARSS,

DTN {RREH  iZMEIMAEGREEIER, RREEIRITER,

BEEN: 6-25, 6-26

trPigit:
1. BUTEISIRTES34E5S] DTN (RREH,
o o P

Contact -

Sent \
Y. (working Iink}\\'
\

bundle—-\‘

node Storage Stored
\t '/— ) bundle
= | ] et [ S e
Source

HREBIN

N Intermittent link
N ( (not working)
Ay
A

Destination
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Application Upper

Bundle Protocol

Convergence layer Convergence layer
TCPIP Other Lower
Internet internet layer:
Ad = = .
FERHEN:

IREMMNAETT BB RFEDERNBR T, YT, ELRERF, B
BNMREZERBRA TRIER, REERMILEEFRNIT.

HERB:

AR FERMERIR. ENNREEEICERAK, EREFEFES
DTN FREENEE TIRAAVAIR,. HREIEPESEAWRE, INEiTie, Bl
REEAN, RNFEBLIEESEY, UETIERADRERNS, EiTieaiaH

R, ERRIRESS, S5IMEERERNE, BPARBCHNERS, fhzBS
K952 751,

SETH

> &EHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, I+E#IMMEE (AR5 5 hR) U
TokihRsL, 2011,

[2] W&, TTENIMNE (5 8hk), BFEFIIHRE, 2021,

[3]James, F.Kurose, Keith, W.Ross, ITEHIME: BIRME T/EAGEEIR 5 7 iR),
Mol HhRTE, 2018,

[4] £iX, RNEEITEVIMZ [Computer Network Technologies in Depth] , HE
IXFZKEB HRRTE, 2017,

[5]1 FIREN, RiFEARE, RESEFEEZRN, ARBBESAMRAL, 2019,

[6] ZXAEI, $300%, BRIEMD, SREsE, U8, HUBRBESITTEING (=),
FREKFZKEB kR, 2020,
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

> MOOC/SPOC RFEEIR:

[1] PEXSF MOOC E4&: SPOCIFE: 2021 FitENME (Z58)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXZE MOOC F&: IBRELIXE: HEINE (ERBMEFE)
https://www.icourse163.org/course/HIT-154005

[3] FEXZE MOOC ¥5: mRARWXE: i8INS (BxEmIFERE)

https://www.icourse163.org/course/NJAU-1001752039
> MIT AFHRER:
6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (it 27)

. ek | moE
FLENAE
ay 14 J& 1-2%
7.1 B ZES DNS e ] -] H%’ T
(2 Z207)
#FBiFeER:

HRBR: HR=E, HRFFCR, HERS=S.

BENBIR: BEREFNFY, BRFETRERRNITRELREEN, BARFEEE
23, a8, BICERRSIR. RERARAIBES.

ERBIR: AEER, BARFERRER. MERERSH, IETREERR
BARRERNRERIR.

HERS:
7.1 R ZRS DNS
WRTE, HRATRICR, HRARSER.

FED:

HEE, HERRoR, HERSE.

BFER:

& AR s,
HEFERSHE:

# | BOPPPS #H ezt +/ VBT HR &4 3+ TR

2

3 | gt

i | SA (B) (59%)  REFE, BSRREREERNMNES P #umR,

& | SIEABRSEEE,

= | B (0) (49%)  HHFRATRNZIBIMIER, BEENE RS

g | NEEM,

i+ Bl (P) (5o%h) : HNKEHEREE, W FEXTIEHERFER
THREE.
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R

DhHSEEFRETAT

25%F3 (P) (749H) :
(1) NAREMNE: BNBIRREHIRLE.

Application
Transport
Network
Link
Physical

(2) IR ZR S DNS: BEERBIASSAHERNR FEHEATTEN a1 E
IR P Hbtik,

The DNS resolves high-level human readable
names for computers to low-level IP addresses

* DNS name space »
+ Domain Resource records »
+ Name servers »

(3) DNS E&Z=E: DERRBRIRER.

Generic

cisco  washington acm ieee edu ac co vu  oce
eng cs  eng jack jill uwa keio nec cs  law
robat cs csl filts  fluit

\ The computer robot.cs.washington. edu

(4) WEAEE: B ICANN EEHIET.
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Domain Intended use Start date | Restricted?

com Commercial 1985 No
edu Educational institutions 1985 Yes
.gw Government | 1985 Yes
Cint Intemational organizations | 1988 | Yes
“mil Military | 1985 Yes
et Network providers | 1985 No
ong Non-profit organizations 1985 Mo
aefo Air transport 2001 Yes
biz Businesses 2001 No
coop Coaoperalives 2001 Yes
info Informational 2002 No
"museum | Museums | 2002 Yes
“name People L2002 | Mo
'pm Professionals | 2002 | ves
cat Catalan 2005 | Yes
jobs Employment 2005 Yes
mobi Mobile devices 2005 Yes
tel Contact details 2005 Yes
travel Travel ingustry 2005 Yes
| o0 | sex industry |10 | Mo

(5) BBRRIRCRE: ICREZAIRIR, 20 1P bk, HRARS[LANEF
BRI ARSS 2R,

Type Meaning Value
SOA Start of authority Parameters for this zone
A IPv4 address of a host 32-Bit integer
ALAL IPv6 address of a host 128-Bit integer
MX Mail exchange Priority, domain willing to accept email
NS Name server Name of a server for this domain '
CNAME | Canonical hame Domain name
PTR Pointer Alias for an IP address
SPF Sender policy framework | Text encoding of mail sending policy
SRV Service Host that provides it
TXT Text Descriptive ASCI| text

(6) ERFRICRIZFM:

; Authoritative data for cs.vu.nl

cs.vu.nl 86400 IN SOA star boss (9527,7200,7200,241920,86400)
cs.vu.nl 86400 IN MX 1 zephyr
cs.vu.nl. 86400 IN MX 2top
cs.vunl 86400 IN NS star «— Name server
star 86400 IN A 130.37.56.205
zephyr 86400 IN A 130.37.20.10
top 86400 IN A 130.37.20.11 — IP addresses
www 86400 IN CNAME  star.cs.vuni of computers
ftp 86400 IN CNAME  zephyr.cs.vunl
flits 86400 IN A 130.37.16.112
flits 86400 IN A 192.31.231.165
fiits 86400 IN MX 1 fiits
flits 86400 IN MX 2 zephyr
flits 86400 IN MX 3 top
rowboat IN A 130.37.56.201
IN MX 1 rowboat g
IN MX 2 zephyr <—— Mail gateways
little-sister IN A 130.37.62.23
laserjet IN A 192.31.231.216

(NEBIRSE: FERFEEREE
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Generic |} Countries

5 Root name server
{a.root-servers.net)

(a.edu-servers.net

W
Edu name server
-

1: query

= —
I 3 — 6:
=== 10:robot.cs.washington.edu | . ""-—?—-__"'“h_-—h__q_“i'_)‘
filts.cs.vu.nl - CE.w, —
Originator (es.vu.nl) shington egg — 5 o
name server 9, name server

N,
Example of a computer looking up the IP for a name
Bl (P) (753%h) : EAMRESH 1 ENAEE, WAFEXSTEE
TN ERERE.

%m&iﬁﬁﬁmmtﬁ,méﬁﬁﬁﬂﬁﬁﬂ

B4 (S): (o) HIRERERNS, BEFIER, BRTH, HE
RFCR, HERS=R, HERERL.
R Y3
1. EHRTE: PEXASZEETE, NARSECIZANEEEE R
=
2. HRAFFCR: ICREBHRAVETE.
3. EEMRSRE: BERERREIEEH, ARIURMEHRZ RS,
HE i
EERSES: EREE RS T FMIIE,

REME: 7-1, 7-3
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Rt
1. HhEEREE | SFEFIHRTBEH.

Generic || Countries ————————=|

_—
aero com i
| /\ /\ /\
cisco  washington acm  ieee edu ac co vu  oce
/\ /\ | /\
eng cs  eng jack jill uwa keio nec s law
/\
robot cs  csl filts  fluit
AN

The computer robot.cs.washington.edu

Root name server
(a.root-servers.net)

Edu name server

(a.edu-servers.net
1: query

=== 10: robot.cs.washington.edu
filts.cs.vu.nl Local
Criginator

—— - Huer
7 E_ PP —
- G5, —_—
(es.vuni) “ashington eqy— = W
name server ‘g.", X name server
g

%
d uwes
8,
a0 (= name server

Example of a computer looking up the IP for a name

IFETHEm:
FEEER ML R, BT RAMARAERHE, FFERER
FERERYROFMARIRERNES.

HERE:

AR FEREAR. B8 NMNERERCENARN, EREFEFEEE
EA#E TRZBVAIR, HRIREPESEREMRRE, NEiie, BR&aEFLA=,
RIZFEREHIEEEF, LG ITRATRREAS, BINTCENERERAR, 1S
RESS, 5IMEAERERNE, EEARBCHXER, WizZBSHEHEME.

P—
> &EHE:
[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAIMEE (RINR-5E 5 i)
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TlHARsE, 2011,
[2] BIF1Z, TTENNEE (55 8 hk), BBFEFIIEARIE, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BIRRE N AECRNXAR-5E 7 iR),
Ul HRRet, 2018,

[4] iR, FRABEFEITENIMNZS [Computer Network Technologies in Depth] , HE

IKFZKEB ket 2017,

[5] FiRE), KiFEAM , MEBZEFERR, ARHBELARFL, 2019,

[6] Z=MElH, %3050, TRIEHE, Spidis, BE, HURBESITEIMNG (B=hR),

SEZKFIZKEB HhARAE, 2020,

> MOOC/SPOC iRFEHIE :

[1] PEXSF MOOC E4&: SPOCIFE: 2021 FitENME (Z58)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXE MOOC F&: IBRELIWXE: HBEINE (ExEmFEE)
https://www.icourse163.org/course/HIT-154005

[3] FEXRZFE MOOC F&: ERRWKRE: ITEINE (ExREmIFE)
https://www.icourse163.org/course/NJAU-1001752039

> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

GTEIRLE) FEHFR (it 28)

BRdA: RRAT | EIOIR
FLENAE
7.2 Electronic Mail 14BE 340
ectronic Mai T%i%ﬂ T_H‘E_I_] % H%’ T3
(2 ZAY)
HFBIREEK:

HRBMR: Email RFESHMIRS, BRARE, BRI, [ER%IR, REE,
BENBR: Email RFEIZFS), IBAFETRERRMIESLEEN, BHRFEE
EFY. ERBE. ISR, BREZIIMATEES.

ERBIR: AEER, BARFERRER. MERERSH, IETREERR
BARRERNRERIR.

HFAR:
7.2 Electronic Mail
Email REUSIOFIRSS, APRIE, (SBIE, (SRR, BEEX.

WFER:
Bmail RFLEHFIRSS, APRE, R8I, EEER, REER,
HFHE
Email ZFEEEFIRS .
HEFERERE:
B | BOPPPS HUHET +/ VAT HE R4 D TR
a3
3 | BT
i | BA (B) CH#)  REFRR, BERMEEERIINES 1P HEIERHR,
g | SIHATRAEBFEER,
2 | Bir (0) (48 : HTHARTRNZIBIFIERK, 588 Email &
g | ANEEM.
i+ [ (P) (5&#) @ BTRELHFRZEE, WHFENST Email 97
RRIZEL,
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IﬁfﬁE 25

EFREmailbMiE [E521) (B2

2573 (P) (749 :
(1) Email RFLEH: KIX Email KENAHFIZE,

Mailbox —\‘

B P — & 0

Message SMTP Message —
Transfer Agent Transfer Agent —_—
U Ser:::er t ¢ 9 Receiver
serAgen User Agent
1: Mail 2: Message 3. Final
submission transfer delivery

(2) Email SEREMHRINILL: B2, 38, £/, M,

T Name: Mr. Daniel Dumkopf
£ Street: 18 Willow Lane
City: White Plai
S okl Dusifpt § | SLfiwepnm - Envelope
illow Lane g Zip code: 10604
White Plains, NY 10604 ulJ Prionity. Urgent
Encryption: None
From: United G
imeacano | 1| R e
Boston, MAG2120| 5 '6‘2?2"2"@&?%3‘“ 02120
Sept 1,2010 fi Subject Invoice 1081
Subject: Invoice 1081
Dear Mr. Dumkopf, Dear Mr. Dumkopf, Message
Our computer records Our computer records B
show that you still have show that you still have - (-— header
not paid the above invoice not paid the above invoice
0f $0.00. Please send us = of $0.00. Please send us a and body)
check for $0.00 promptly. ‘g check for $0.00 promptly.
Yours truly Yours truly
United Gzmo United Gizmo
Paper mail Electronic mail
32 APERINNS, ARMPREGEOTER
(3) AFPRE: AFREINAE, HERPAENEOTE.
Message folders \’ '/—- Message summary
Mail Folders From Subject Received
All items trudy B4 Not all Trudys are nasty Today
Inbox Andy Material on RFID privacy Today
Networks djw ! Have you seen this? Mar 4
Travel Amy N.Wong Request for information Mar 3
Junk Mail guido Re: Paper acceptance Mar 3
lazowska More on that Mar 2
lazowska New report out Mar 2
SearchQ. A. Student Graduate studies? Mar 1
Dear Professor,
| recently completed my undergraduate studies with
Mailbox search _/‘ distinction at an excellent university. | will be visiting your

& Message

(4) BB LEXFESEEEREX, AL ASCH HiERE.
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Header | Meaning

To: . Email address(es) of primary recipient(s)

Cc: . Email address(es) of secondary recipient(s)

Bcc: ‘ Email address(es) for blind carbon copies

From: . Person or people who created the message
Sender: | Email address of the actual sender

Received: Line added by each transfer agent along the route

| Return-Path: | Can be used to identify a path back to the sender |

(5) SR8 H%%‘E‘BIZiEEﬁH?ﬁHFFﬂ%

Header | Meaning
| Date: | The date and time the message was sent
| Reply-To: | Email address to which replies should be sent

| Message-Id: | Unique number for referencing this message later
In-Reply-To: | Message-Id of the message to which this is a reply
| References: | Other relevant Message-Ids

Keywords: | User-chosen keywords
| Subject: | Short summary of the message for the one-line display
S . -H-\
(6) MIME 3L&8: AT HERMERERATHISER X,
_ Header | Meaning
- MIME-Version: | Identifies the MIME version [
- Content-Description: | Human-readable string telling what is in the message |
_ Content-ld: Unigue identifier

- Content-Transfer-Encoding: How the body is wrapped for transmission |
| Content-Type: | Type and format of the content |

(7) MIME B 5F368Y

. Type | Example subtypes | Description
text plain, html, xml, css Text in various formats
. image - qif, jpeq, tiff - Pictures
. audio - basic, mpeg, mp4 - Sounds
. video - mpeg, mp4, quicktime - Movies
i model vrml 3D model
application = octet-stream, pdf, javascript, zip Data produced by applications |
: message http, rfc822 Encapsulated message _
| multipart | mixed, alternative, parallel, digest | Combination of multiple types |

(8) (EREEEHR: (SE(EMA SMTP tiMUE1%

* Readable text commands

» Submission from user agent to MTA on port 587
*  One MTA to the next MTA on port 25

* Other protocols for final delivery (IMAP, POP3)

(9) 1SREEHREF): Alice £5 Bob &M, SMTP ap< i BINE

187 / 207




S: 220 ee.uwa.edu.au SMTP service ready

¢:[HELBlabcd.com

S: 250 cs.washington.edu says hello to ee.uwa.edu.au

C:[MAILFROM: <alice@cs washington.edu>

S: 250 sender ok

C: mo; <bob@ ee.uwa.edu.au>

C:[DATA]

§: 250 recipient ok

S: 354 Send mail; end with "." on a line by itsell

C: From: alice @cs washington.edu

0000000000000

To: bob @ ee.uwa.edu.au

MIME-Version: 1.0

Message-Id: <0704760941.AA00747 @ee.uwa.edu.au>

Content-Type: multiparvaiterative; boundary=qwertyuiopasdfghjkizxcvbnm
Subject: Earth orbits sun integral number of times

This is the preamble. The user agent ignores it. Have a nice day.

~gwertyuiopasdfghjkizxcvbnm
Content-Type: texthtml

<p>Happy birthday to you
Happy binthday to you

. . . (rest of message) . . .
C: —-gqwertyuiopasdighjkizxcvbnm
C:.

c:[GuIT]

(10) SMTP ¥ f&:

| Keyword

| AUTH

_ BINARYMIME

| CHUNKING

' sIzE
STARTTLS

| UTF8SMTP

(11) &

X—:

Command
CAPABILITY
STARTTLS
LOGIN
AUTHENTICATE
SELECT
EXAMINE
CREATE
DELETE
REMNAME
SUBSCRIBE

S: 250 message accepted

S: 221 ee.uwa.edu.au closing connection

Description
Client authentication
Server accepts binary messages
Server accepts large messages in chunks
Check message size before trying to send |
Switch to secure transport (TLS; see Chap. 8)

| Internationalized addresses |

BE32: FIPE(ERY, 20 IMAP SERIEREREEZ,

Description
List server capabilities
Start secure transport (TLS; see Chap. 8)
Log on to server
Lag on with other method
Select a folder
Select a read-only folder
Create a folder
Delete a folder
Rename a folder
Add folder o active sel

LisT
| LsuB

[ STATUS
| APPEND
| CHECK

FETCH

| SEARCH
STORE

List the available folders
| List the active folders
| Get the status of a folder
[ Add a message to a folder
| Get a checkpoint of a folder
[ Gel messages from a folder

-_ Find messages in a folder

Alter message flags

COPY

Make a copy of a message in a folder

EXPUNGE
uio

Remove messages flagged for deletion
Issue commands using unique identifiers

NOOP
CLOSE
| LOGOUT

| Do nathing
| Remove flagged messages and close folder

| Log out and close connection |

Ei (P) (7 53%h)
TIRIRERIEREER.

S

B4

(S):

(ERMRELSE 11

(5 PHh) HPRERERNS, BAFIER,

BB, Wif=Z%3SF Email

55

BHIAEMaill N IXRIEWATE.
Email 2S5
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MRS, RAAE, EESN, BERER, &8, hEREFIL

R34

1. Email R4 Email RETHPPLERSER, RITEEMIAL H B
s

2. APARE: BRRERERMIERE,

3. (BRI LS FERAVE XAER.

4. (SRR Email fEEHEESREH KBRS SEELRIAR Y,

MR :
Email RETEEFIFIARSS : Email RFRISHFIHRIIRS I TIFLIE,

REMEL: 72, 74

Rt
1. HHEIHRBS |SFEZS Email FIRGEEFIR FERHERITE.

Mailbox —-.\‘
=

= 5 @—@—g

Email -

Message SMTP Message
Sender T Transfer Agent T Transfer Agent T Receiver
User Agent | ) User Agent
1: Mail / 2: Message 3: Final
submission transfer delivery

2. Email SEREREBEFAIKRR.

@ T Name: Mr. Damel Dumkopf
| § Street: 18 Willow Lane
City: White Plains
4. Danksl Dumknpt 3 State: NY ~ Envelope
18 Willow Lane - Zip code: 10604
White Plains, NY 10604 uT Priority. Urgent
+ Encryption: None
. From: United Gizmo
%’ggi‘:ﬂc‘q‘o I Address: 180 Main St
Bosir nazo] B Location: Boston, MA 02120
ek : 2 Date: Sept. 1, 2010
Sept. 1,2010 + Subject: Invoice 1081
Subject: Invoice 1081 l
Dear Mr. Dumkopt, Dear Mr. Dumkopt, Message
Our computer records Our computer records 34
show that you still have show that you still have - (= header
not paid the above invoice not paid the above invoice
of $0.00. Please send us a 5 of $0.00. Please send us a and bOdy)
check for $0.00 promptly 8 check for $0.00 promptly.
Yours truly Yours truly
United Gzmo United Gizmo
Paper mail Electronic mail
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FIERHEM:
FETE Email SaeE M0, BEEWATARERRAHE, FFERE
R REAROIIARRENES.

HERE:
AHRNEE BIMERDR. 8E NI EREBCEBIAR, EREFF4 Email
5B 7T FRZIBPAIR, HRESEREESZARRE, NMETTE, BIlaEEA,

RIWFEEDIFEES, LIS TERTRERNS, EHHEANERRRA, &K
RESS, SIMFERED, BERRECHXNEBR, MBS HEHE.
SETH

> &E5HE:

[1] Andrew S.Tanenbaum, David J.Wetherall, TTEAIMEE (RINR-5E 5 i)
TokihRsE, 2011,

[2] BIF{Z, TTENNE (F k), BFEFIIHRME, 2021,
[3] James, F.Kurose, Keith, W.Ross, T &ML : BIRA T EECRXMR -5 7 i),
U Tl Hhiwdt, 2018,

[4] Tk, FNIERITEHML [Computer Network Technologies in Depth] , HE

IKFZKEB kL, 2017,

[5] FiRE), KiFEAME , MPZEFERRY, ARHFELRRME, 2019,

[6] Z=MEIH, %3050, BRIEME, Spidis, BE, FURBESITEING (B=hR),

SREIZKFIZKER HhRit, 2020,

> MOOC/SPOC iFFEHIE :

[1] FEAZE MOOC & SPOC IFFE: 2021 FiHENIME (Z5)

https://www.icourse163.org/spoc/learn/SDU-1462809161

[2] FEXRZE MOOC & I/RETWARE: IHEINNE (BRERFRE)
https://www.icoursel63.org/course/HIT-154005

[3] FEIXZE MOOC ¥4 BmAIAZF: HEINE (ERBmIFRE)
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https://book.jd.com/writer/%E8%B0%A2%E5%B8%8C%E4%BB%81_1.html
https://book.jd.com/publish/%E7%94%B5%E5%AD%90%E5%B7%A5%E4%B8%9A%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/James_1.html
https://book.jd.com/writer/F.Kurose_1.html
https://book.jd.com/writer/Keith_1.html
https://book.jd.com/writer/W.Ross_1.html
https://book.jd.com/writer/%E7%8E%8B%E8%BE%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E6%88%B7%E6%A0%B9%E5%8B%A4_1.html
https://book.jd.com/writer/%E7%9F%A2%E6%B3%BD%E4%B9%85%E9%9B%84_1.html
https://book.jd.com/publish/%E4%BA%BA%E6%B0%91%E9%82%AE%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html
https://book.jd.com/writer/%E5%AD%A3%E7%A6%8F%E5%9D%A4_1.html
https://book.jd.com/writer/%E9%92%B1%E6%96%87%E5%85%89_1.html
https://book.jd.com/writer/%E9%AD%8F%E8%89%B3%E5%A8%9C_1.html
https://book.jd.com/writer/%E9%82%B9%E6%BE%8E%E6%B6%9B_1.html
https://book.jd.com/writer/%E9%A2%9C%E7%85%9C_1.html
https://book.jd.com/publish/%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE_1.html

https://www.icourse163.org/course/NJAU-1001752039
> MIT AFHRER:
6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (Bt 29)

i IR | IR
FLtENREE
7.3 The World Wide Web 1ISEE 12T
v OrE T R | 2P
(2 =)
HFBEREK:

HRBMR: www 551, 55K, sSMITFINRAE, HTTP,

BEDBEIR: www BIFY, BRFETERRNIESLKEND, BARFERESF
3. £, EHICERARLIR. MBREZRIAMATIEEN.

ERBIR: AEER, BARFERRER. MERERSH, IETREERR
BARRERNRERIR.

HERS:
7.3 The World Wide Web
www 51, FRSMTR, FNSMTAFNAZAE, HTTP,

WFEESR:

www 51, EHESMTT, shSMTIFOM A, HTTP,

HFEES

www Z514,
HEFERESRHE:

# | BOPPPS #ta=+/ AT HRE R4 T+ FyiR et

A

g | HF

i | BA (B) (543  REMRE, BEREMEEERNMES 1P tirxnhz,

g | SIHATRAIHFEER,

2 | B (0) (o) @ HTHARTRNFEIBRNER, 28E www B

8 | EEML,

i+ |8 (P) (59  HTAEHFRZEGR, WNFEXTT www BT
EE.
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E=1

AR EE (E=

1] g2
s5:F3 (p) (74 5%h)

(1) www SSHTFIS: HTTP ERITUBRSS SR E 2RI

Document

Program ==
\
H Database ,\Q
\
\ 5
\ /kub&com
\
\

\

HTTP Request

: | o ' '1:‘: 5 Web server
= ¥ Web www.cs.washington.edu
browser
S “a
T e ;
..... ~

goog|e analytm com

(2) F—&RIFENSE URLs:

}ITTA URL #p#2.
Example: hitp://www.phdcomics.com/comics.php
1 ] l_ . J ! .I.
Protocol Server Page on server

. Name . Used for

our — | Hypertext (HTML)

Example

j http:/fwww.ee.uwa.edu/~rob/

focus | https | Hypertext with security | https://www.bank.com/accounts/ |
ftp | FTP | ftp://ftp.cs.vu.nlipub/minix’README
| file Local file file:///usr/suzanne/prog.c
' mailto | Sending email . mailto:JohnUser @acm.org
. rtsp Streaming media rtsp://youtube.com/montypython.mpg -
' sip | Multimedia calls

| sip:eve @adversary.com
| about:plugins

Common URL protocols

(3) EFim{EAEEEHRRNSER:

Steps a client (browser) takes to follow a hyperlink:
— Determine the protocol (HTTP)
— Ask DNS for the IP address of server
— Make a TCP connection to server

| about | Browser information

— Send request for the page; server sends it back

— Fetch other URLs as needed to display the page
— Close idle TCP connections

(4) IRS=FIRMIRSAILE:
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Steps a server takes to serve pages:
— Accept a TCP connection from client
- Get page request and map it to a resource (e.g., file name)
— Get the resource (e.g., file from disk)
— Send contents of the resource to the client.
- Release idle TCP connections

(5) WBEH MIME friR:

Halper

Browser application

Processing ——g /™y

I
module - |
(thread) . — I
|
Request - :
E Front end —=»| Cache |== . :
— = [y - !
" Response C [ = '
Client W, |
- :
£y |
- :
2
Server
: =+ =] .
(7) Cookies X¥FARTF =S/ Fim < [BMASEEE
Domain _ Path  Content  Expires ' Secure
toms-casino.com | / | CustomerlD=297793521 . 15-10-1017:00 | Yes
jills-store.com | / | Cart=1-00501;1-07031;2-13721 | 11-1-11 14:22 | Mo
aportal.com N | Prefs=Stk:CSCO+ORCL:Spt:Jets | 31-12-2023:59 | No
| sneaky.com / | UserlD=4627239101 | 31-12-19 23:59 | Mo

Examples of cookies

(8) FFESMIT: BRNREETERINAE.

:Itarn HTML 1.0 HTML 20 HTML 3.0 HTML 40 HTML 5.0
Hyperlinks x®
:Jmages x
Lists x
" Active maps & images
:Forms
_Equations
_Toolbars
Tables
" Accessibility features
" Object embedding
_Sty le sheets
:Sclipling
_Video and audio
Inline vector graphics
_)(ML rapresentation
:Backgruund threads
_Browser storage
Drawing canvas

(9) SRR : ZHAMTUZ IS TEIRSS #a 02 FimHIRE P 2ERY,

RN
R R
Mom m Mk M M M X =

MM B M M M M MM M M M M M M R
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FlUNfERRSSE8imIE T PHP, EFimiE T JavaScript, BIRIGEIMIAERS AL
Tk,

Web M.._z
page
<

——— Web browser ———— —— Web server E—
(10) ARSMITUINSLENEE] -

Program

~ ¢ W

<html>
<body> -~
<form action="action.php" method="post"> ~ <htmi>
Web page that gets | 2 5,cca anter your name: <input iype="text® name="name'> <jp> prchined
form input and calls — <p> Please enter your age: <input type="text" name="age"> </p> <script language="javascript" type="textjavascript's
a server program <input type="submit"> function response(test form) {
<form> var person = test form.name.value;
m> JavaScript program viryoaié & o:;:l((;es\ form.age.value) + 1;
) produces result - documentwrieln(*<htmi> <body>); _
- : ‘document.writeln("Hello * + person + *.<br>");
e PHP calls page in the browser document writein(*Prediction: next year you willbe * + years + .);
PHP server program | 9% & document writein(*</body> </nimis);
that creates a Tiolo C7ahp echo Sname: 75 Goctknent.clase(;
] 75 )
Prediction: next year you will be EZBhpiEcHOSagE ;25 Lscripts
custom Web page ‘ ﬁﬁw 5
e S <body>
N <form>
X <html> o z Please enter your name: <input type="text" name="name">
Resulting Web page = y> First page with form, = <p> o .
5 A ° | <h1>Reply: <m1> ; Ploase enter your age: <input type="text" name="age">
(for inputs “Barbara” - Hello Barbara. getsinputand calls - .
wn o Prediction: next year you will be 33 <input type="button" value="submit" onclick="response(this.form)">
and “32") ‘ eires yoar program above il
_ <Mtmi> </body>
</htmb>. ~
- [u Al S =
(11) FEMENRSS 28 1= i [BIRIX 3! -
(M) [ | .
Browser Server Browser Server
User U’f"-‘" / ;
4 i A ] 1

AR OTe] o= O

PHP n{odule JavaScript
Server-side scripting with PHP Client-side scripting with JavaScript

(12) HTTP #: —ME1TE TCP Z ERIER-NARN MY, HTTP FIZKA
EEIRS MR,

TP  [R--—==-===- [m-=—=—————-

Connection setup Request ‘Connection setup ‘Connection setup
e _L-HTTP . — |
Y| Response Pipelined |

requests %\-ﬁ

. =TT |
Time [ ————— le— |

.—-—'—'_'_'_4_._._
One connection for Sequential requests Pipelined requests
each request on one connection on one connection

(13) HTTP IBKFTA:
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Method Description

Fetchapage —— [GET 1 Read a Web page

HEAD Read a Web page's header
Useféotset"d — | POST Append to a Web page
INput data 10 a
server program _ PUT [ Store a Web page
| DELETE | Remove the Web page |
| TRACE Echo the incoming request |

CONNECT Connect through a proxy |
| OPTIONS | Query options for a page |

(14) HTTP NERAD:

Code Meaning Examples
1xx Information 100 = server agrees to handle client’s request
| 2xx Success | 200 = request succeeded; 204 = no content present |

| 3xx | Redirection | 301 = page moved; 304 = cached page still valid
| 4xx | Clienterror | 403 = forbidden page; 404 = page not found
| 5xx | Servererror | 500 = internal server efror; 503 = try again later

(15) HTTP &fF: MEXNRRIHMREENRIRFT, BEIRSHIHEEN 7
T

1: Request 2: Check expiry 3: Conditional GET

‘:| 4a: Not modified Program
Cache
! 5: Response

4b: Response
Web browser Web server

Bl (P) (753#) . EANRESE | BUNEE, WlZETT www
M HTTP TIRIRERIZEREIERE.
EVE 555

IR AT BRI TR,

B4 (S): (5 a¥) HIRERERNS, BEFIER, www i, &
AR, ISRIRFIRA, HTTP, fREIRE1RIL.
R U3:
1. www 53 ERRR R TR LAR FBEIRIINY.
BHSMIL: F S AU IEFERSEE.
3. FSMTT: HMTUAYEFTIIIE,

no
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4. HTTP: BXAMERmIMYAMSFAIZFERAES X,
MR
www 58 . IR T e AR AN FRRIATMY.

REEN: 7-5, 7-6

Rt
1. HTEERBEI1SFESST www IR ARLEHIFIM T aLTFE,

} HTTP Request

==J

e HTTP Response Web server

A 1
Web %_:mwgfiﬂé._g
X page a B DB
N - Ny s __..gm??s
o, | SRS
—— Web server @—

Web browser

L ES IR
HEE www SlEiie SR, B ATIAELERHE, FFRERE
R RERROIIAERENES,

HERE:
AR ZF BIMERIR, BENFIREEEEBX0AR, EREFEFE www
A5G 7iRZAPGAIR, HRIRESESEEMRE, NEiTe, MilaaEsD,

RIWFERBNERSES, LIEEEETRRRE, BERTICENGRRRA, Gk
RSG5, 5INFERERND, BPARBCIIKER, WM BCHSNAME.
SERF
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> &EHPH:

[1] Andrew S.Tanenbaum, David J.Wetherall, I+ &ML (FE3HR-5E 5 AR) HU
TubiHhRsE, 2011,

2] WIS, BTN (55 8 k), BFEBEFITIHRMT, 2021,

[3] James, F.Kurose, Keith, W.Ross, TTEHMNZE: BIRE N EECRXMR-5E 7 hR),
ALl HARE, 2018,

[4] FiX, FRNIBFEITENIMNES [Computer Network Technologies in Depth] , #[E
IKRZKEB HBRRFL, 2017,
51 FPiRE), KiFAMgE, MBS EFEZRN, ARBELML, 2019,
6] Z=EH, 3530, BRI, ApEE, BUE, FUREESITEIIMNG (F5=hR),
437J<5FU7J<EEH5HJ§?1, 2020,
> MOOC/SPOC IRFEEIR:
1] FEXE MOOC F&: SPOCIFFE: 2021 FitENMLE (=5)
https://www.icoursel63.org/spoc/learn/SDU-1462809161
2] FEAXRZFE MOOC & IR/RELWAZE: HEINE (EzxfEmiEE)
https://www.icourse163.org/course/HIT-154005
3] FEARZE MOOC & FmRARIAZ: itEHNE (ExRBmEE)
https://www.icourse163.org/course/NJAU-1001752039
> MIT RFHREIR:

6.829: Computer Networks, https://web.mit.edu/6.829/www/currentsemester/
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GTEIRLE) FEHFR (it 30)

BRdA: Rk | EISE
FTENAE
7.4 Streaming Audio and Video e |BI5EFE34T
RRATIE
(2 Z5)
FFEFHERK:

HRBtR: BFEM, BN, RGN, SIS

BENBIR: MEAMUIFISIRNES, BFRFETERIRMIESCEED, 55
FEBFFS. EBFE. BICEKERLIR. BRERERAYEES.

=REBF: YEER, BRFERTERE. MARERBH, B AEESZR
BARRERNRERIR.

HFEAE:
7.4 Streaming Audio and Video
FFE, IR, SR, SRS

WFER:

TESR, BTUUR, RGUE, SIS,

S

AR
BEFRSHE:

B | BOPPPS HUHET +/ VAT HE R4 D TR

s

| BFigit:

i | SA (B) (598 : REEE, BYEMEHERNNES P IR,

i | SIHATRABERER,

2 |BiF (0) (458 : BUTHAFHENSEIBFIER, BEREH

8 | EEML,

i (B (P) (59N : BUTREHFREEE, WRREXIT RGN T
REE.
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HARREA? [1R==1]

s5x%3 (P) (74 %)
(1) EBFEM: ADC HiResiEE e NI E G R FE 51

1.00
0.75 |
0.50 |
0'22 ADC
= NN 14
-0.50 | -
075
-100"
Continuous audio Digital audio
(sine wave) (sampled, 4-bit quantized)
L Ay 1T =
(2) BFEIm—REEEmzaEYs: .

Masked Threshold
i of audibility

80

— B0 Threshold — B0
g of audibility g
5 40 5 40
g s
€ 20 € 20
bl L doul | 1 0 Ll i tol Ll 1
a2 05 4 2 - 2 5 10 20 02 05 A1 2 5 1 2 5 10 20
Frequency (kHz) Frequency (kHz)
Sensitivity of the ear A loud tone can mask
varies with frequency nearby tones

(3) BFRRLMEERRE: <RIt EEYE

Video is digitized as pixels (sampled, quantized)
+ TV quality: 640x480 pixels, 24-bit color, 30 times/sec

Video is sent compressed due to its large bandwidth

+ Lossy compression exploits human perception
- E.g., JPEG for stillimages, MPEG, H.264 for video

+ Large compression ratios (often 50X for video)

* Video is normally > 1 Mbps, versus >10 kbps for
speech and >100 kbps for music

(4) JPEG Bl R E4EITRE:

nputl  Block
preparation

Step 1 Step 2 Step 3 Step 5

Statistical| Output
output
encoding

Discrete Differential Run-

cosine |[-=| Quantization | av o | length
quantization .

transform encoding

200 / 207




V.

(5) BRESVSIRIRE/ REBFZIE:

RGB Y
640
E :
2 !
< B
E i
wereari \ ) . l
24-Bit pixel Block 4799 Cr
Input 24-bit RGB pixels 8-bit luminance 8-bit chrominances
pixels for every 4 pixels
= > - .
(6) B—MERERA DCT 3&ik:
% A NETINEN, [ ]
LA AN B VA N A
S h{i/ll.fl’ff;’ n“/flﬁ/fiﬁ!ﬁf{f}/{f
$ NN,
/ V] S S]]
v w /. / /]
A Y/ /777
X Fx
One component block Transformed block
(7) EREREX DCT thaEHITEW
DCT coefficients. Quantization table Quantized coefficients
150|80 (40|14 | 4 | 2 | 1| O 1| 1| 2| 4| 8|16|32 |64 150(80 20| 4 |1 |0 |O|O
92|75 |36 |10 6 (1| 0| O 11| 2| 4| 8(16|32 |64 gz2(75(18|3 |1 |0|0]0O
s2|as|26| 8|74 0] 0 2| 2] 2| 4] 8l18|32]64 26(19(13[2[1]o0]0
12| 8| 6| 4|2|1| 0| 0 4| 4| 4| 4| 8166|3284 alz(2|1|o0o|o0oj0O]0O
4, 3| 2| 0|0|0| 0| 0O B| B| B B| 8|16|32 | B4 ojolo|jo|O0|O)|O
2l 2/1)1|0|0|0|0Q| [(16|16(16| 16|16 16|32 |64 olofojojO|O|O]|O
i1, 0| 0|0|0|0O| O 32 |32 |32|32|32|32|32 |64 ol 0ojlOo(O0O|OD|O|O)|O
0l 0ololQ|l0O|0O|0O]| O 64 |64 | 64 | 64| 64 | 64 |54 | B4 olo|lo(Oo|OD|O|O|O
Input / Thresholds = Output

(8) 1E=HHIT zig-zag RAS:

150 80 20 4 1 0 [ 0
92 78 18 3 1 [ a Y]
26 19 13 2 1 0 0 0

g 4 2 1 a i} i) o
1 0 i) ) a 0 a 0
0 0 0 0 o 0 0 0
0 0 0 0 a 0 i) 0
0 0 o 0 o 0 0 0

Order in which the block coefficients are sent

(9) MPEG f£— &5 i1 7E4s:
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Three consecutive frames with stationary and moving components

- i
[0

—

=

<!

i

—

(10) FRIFMEIRIN: IBREROISNEL SRS B =i E .
Client Server
1: Media request (HTTP)
2: Media response (HTTP) E

(11) SEIREMECRRIRRTEN:

Client Server
1: Metafile request (HTTP)
Browser ) s\::rI;r
2: Metafile response (HTTP)
3: Handoff - 59%"@‘
metafile

4: Media request (RTSP)

5: Media response (via TCP or UDP)

=

(12) EEER: ML EER LS.

Strategy Advantage Disadvantage

Use reliable Repairs all errors Increases jitter significantly

transport (TCP)

Add FEC Repairs most errors Increases overhead, decoding

(e.g., parity) complexity and jitter

Interleave media Masks most errors Slightly increases decoding
complexity and jitter

(13) BHBEIRAERIUE—E N HEEE— EAMHE:

Repair loss: ~] client Lost Pac!::l Parity packet Server Construct parity:
BB A e 2178 5151 W] (e | B 5]
|
J[c]+[D]|\ Paver sever )| 4[]+[D]
] =
(e =]

=0

(14) DERAFRIHREEE R/ EIETRERIAREARR:
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Client machine Server machine
Buffer

, s ,
Media Media
player "'l:i:ﬂ] server

!

I I
Low-  High-
: 7 water  water =
Safety margin, -~ mark mafe |~ Can pause server (or go
to avoid a stall ahead and save to disk)
52
(15) RTSP mi<: MIBMETARFRSES, LMEIERIRIR,
_ Command | Server action
| DESCRIBE . List media parameters |
| SETUP | Establish a logical channel between the player and the server |
| PLAY | Start sending data to the client
 RECORD | Start accepting data from the client
PAUSE | Temporarily stop sending data

i TEARDOWN | Release the logical channel

(16) SERIRWBAR N EESELEIN.

Internet/PSTN
Gateway

Zone\ ~_ Terminal —u

e Catekeeper . —

= .
% g % I .I.I

<% ;i
Gatekeeper Controls =
calls for LAN hosts

(17) H.323 stk

a

Telephone
network

Audio Video Cantrol
G.Txx H.26x I H.225 Q901 H(g;?
RTP (RAS) |(Signaling) Control)
UDP TCP
IP
Link layer protocol
Physical layer protocol
N =13 1S
(18) H.323 ENUKIBIERIE:
O Call signaling channel (Q.931)
) Call control channel (H.245)
i ) )
Forward data channel (RTP)
Caller=" \ J T Callee
0 <+— Reverse data channel (RTP) .
o Data control channel (RTCP) )
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(19) SIP MY 2 H.323 @3 /sSCRBIEN SR — %R,

| Method | Description

_ INVITE | Request initiation of a session

_ ACK | Confirm that a session has been initiated
| BYE | Request termination of a session

OPTIONS | Query a host about its capabilities
| CANCEL | Cancel a pending request |
| REGISTER | Inform a redirection server about the user's current location |

(20) SIP EEIIEEAN=IREZF:

D Location server

Proxy

Caller Callee

2 LOOKUP
3 REPLY

1 INVITE 4 INVITE
. s sok |

e 7 ACK l 8 ACK N
S
9 Data ey

NEAREIIERIEEER.
EVE 545

BRI ELETAE.

WS, REAR, TSI, EREELL.
21U LR
1. BBFEIN: BB TFSIMRIE AR,
2. BB BRI IR,
3. TRIRIR: TRIRIAGERBRIMMMFNIELaEFE,
4. SCRYSIN: (RN DRI &R =IRET.
MR :

IR AIROME RN EFE ISR,

BEEN: 7-10, 7-12

RPigRit:
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B4 (S): (Co#) HWIRERERNS, BEFIER, BFEM, BF




1. HhESRP5I1SFEFS JPEG B HE4E1H7E,

Input Block Discrete Differential Run- Statistical | Output
— .= cosine [=|Quantization e | length = output —
t - -
preparation transform quantization encoding encoding
Step 1 Step 2 Step 3 Step 5

2. EMESWTIRIIE,

Zone

= Internet/PSTN
Termml .:D\O”j __I_:I Gtway E

R H
e Catekeeper .
| D I.nterne TF.'Iephone _ _E
D ":I |:[ ’/ emnrk :
: 7 [ D \e \
Gatekeeper controls 550 5o Zag E

calls for LAN hosts

FERHEM:
FEEREASTERL RN, BB WSAIARRHLAE, FFERE
R REAROFIIARRENES

HERE:
AR EBIMERNR, s8N IREEECERIAR, EREFEFERE
HRETRZBDAR, HRIBEVYESZHARRE, /MNAME, BiIlagFA,

ROFEBHIFEES, UETERATERAS, ERITCENERERAR, &K
RESS, SINEEREEE, BPATECHENESR, MZBSEHAM.
SE TR

> 8EHE:

[1] Andrew S.Tanenbaum, David J.Wetherall, 1TEHNZ (=3hR-58 5 hR) FAK
Tl ks, 2011,
2] w1, BN (38 8hk), BFEFIIHRTE, 2021,

[3] James, F.Kurose, Keith, W.Ross, T &M% : BIRA T EECRXMR-ZE 7 i),
M Ml R4, 2018,

[4] FiX, FRNIBFEITENMEE [Computer Network Technologies in Depth] , H[E
IKFZKEB i hRE, 2017,
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> MOOC/SPOC IEfE&IR:

[1] PEXSF MOOC E4&: SPOCIFE: 2021 FitENME (Z58)

https://www.icourse163.org/spoc/learn/SDU-1462809161
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https://www.icourse163.org/course/HIT-154005
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