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type-of-routing

X A R B CIR A 553 (Link State Algorithm ) F14y A 2 IR #E B8 % B i th 8590 (Vector
Distance Algorithm) .

1.1 FEIRASE (Link State Algorithm)

LS (Link State) SLykity ZHEMMPRSE R, X RIS B IZBER LA B 1A . LS Hik
AR 90 2% vh A BER (R A, T8I Dijstra SEVETHE EALR BRA T/ AR LS Sk2 b, ik
i SR A P 25 P A A BEOIR S o AR GE I 4% rh e i e A BEOIRAS T RR R B BOIRAS ., B E X
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Digstras Progress Animation

What is the shortest way to travel from Rotterdam to Groningen, in general: from given city to
given city. It is the algorithm for the shortest path, which | designed in about twenty minutes.
One morning | was shopping in Amsterdam with my young fiancée, and tired, we sat down on
the café terrace to drink a cup of coffee and | was just thinking about whether | could do this, and
I then designed the algorithm for the shortest path. As | said, it was a twenty-minute invention.
In fact, it was published in ” 59, three years later. The publication is still readable, it is, in fact,
quite nice. One of the reasons that it is so nice was that | designed it without pencil and paper.
| learned later that one of the advantages of designing without pencil and paper is that you are
almost forced to avoid all avoidable complexities. Eventually, that algorithm became to my great
amazement, one of the cornerstones of my fame.

— Edsger Dijkstra, in an interview with Philip L. Frana, Communications of the ACM, 2001

Rt A MR s 05 & N, R0 B R BRI A B AR 4T k4R (S 9 R 4R) N7 FR 24K
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S ARSI BB VIR BCR RS 3w INAE N7, IFBEE ZIHAR S £ v 19 D(v),
AR D(v) BB R 0oo ARSI



https://en.wikipedia.org/wiki/Rotterdam
https://en.wikipedia.org/wiki/Groningen
https://en.wikipedia.org/wiki/Shortest_path_problem
https://en.wikipedia.org/wiki/Amsterdam
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1 Initialization:
/* compute least cost path from u to all other nodes x/

2 N' = {u}
3 for all nodes v
/* u initially knows direct-path-cost only to direct neighbors
*/
4 if v adjacent to u
5 then D(v) = C(u,v) /* but may not be minimum cost! */
6 else D(v) = =

AT BN N R EHRATE N7 A E 0] DU € B R B AR mlw (RN FARRETS 20, TR EImA
BN, SRIGHH AR N A SAHAR Y o ) D(v), EEL B ERIN = N’ AR aF:
Loop

find w not in N' such that D(w) 1is a minimum

add w to N'

update D(v) for all v adjacent to w and not in N'

D(v) = min ( D(v), D(w) + C(w,v) )
/* new least-path-cost to v is either old least-cost-path
to v or known least-cost-path to w plus direct-cost from w to v

*/
until N' = N

Dijkstra SEH— Mol 74 T
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Dijkstra-algorithm-demo

Dijkstra S A7 AL tH e X IR, B A OB T BERS IR 2 tH DL ke R R RR G LS. %
JELLURHE, Bl by oo d 1A a B il eyt m i 1. e(e<1) M1 1, BRER AT T 11
IS AR TR K.

e
given these costs, given these costs, given these costs,
initially find new routing.... find new routing.... find new routing....
resulting in new costs resulting in new costs resulting in new costs

route-oscillations

6y o 2 ST 2R A BT AR A BEAR IR AR, SRR IR i AR i 1, R IZERAR IR, BRI
I, JRERAR AN A, Fe T SRR AR, AR PN R AR ) AN BT 5
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XA N AT R M4, Dijkstra ST EHER N 8, FRHRELEATE N7 P9 5, BRI
FEh O(n?). SERIISEBL (I RTMRMEZE G A /N s 20D W B 28G5 O(nlogn) . %
AR H AL ) AL N — 1A SRR EOIRES . Bl AR R ST LA O (n) IR 2R
i) H AL RS, TR RN O(N + N) = O(N?).

1.2 HHEH 5% (Distance Vector Algorithm)

R 29 o8 AL T Bellman-Fold T Fi

Dy (y) = min, {C(x,v) + D, (y)}

LS i ik, 1 R MR RS R, MSZREAT L. DV s 1 5AIE T Bellman-Fold U542
R 2 H IO RURAR A B AR IO T AT AR i, AR AT S AR AR Y 1, AR 1K
Lo XFE, ek s R A A AR S O (BT S RN AR A BT

SE (RN RD k.
1. BRBRIRAS R A AR I B I ) AT R Y RURE AT s R
2. FRASCRIAT AR U 8 IR i T v A R R K
3. WURATY R B R R AR, KA AHAR T R
DV i i SR AT LA N FAIE:
o IEA: Y R B R AR A L 2 ARAAL R 5 AR Y R
o FEA N RUEAEAN R I 20 0 S O
o oA R EEAN AR R R R
o FfEIEs AN EME RSN, B R R AR A 2 T RS
ALV M, 1R B R N R AL ) AN LBk 1R ¢ BRI R RAE =0 I 2, t
= 1IN ZIEREE] by b BRI R R R, AR AR 4R, t=1 2L T e; e BRI IR R,

AR AR mi A, t=3 %L 2 h, b 5 ORS00 O ) A AT A oo 1 e B R
AFEARK AL TR 2 ALY i, AR B PPk, KB AMERE—Ff.



https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm#Using_a_priority_queue
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DV-state-infomation-diffusion
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D.(a)=0
D.(b) =8
Da(c) =oo
D.(e) =0
D,(f) = o
D,(g) = =
D.(h) = oo
D, (i) = oo

a

Dy(a) =8 Dy(f) =oo
Dp(c) =1 Dy(g)=vc°
Dy(d) = oo Dy(h) =0
Dy(e)=1 Dyfi)=voe

€43

distance-vector-example-1

b BB R, JFANARTY S R MR

D(a) = e°
D (b)=1
Dc(c)=0
D(d) = o0
Dc(e) =0
D(f) = o
D (g) ==
Dc(h) = e
DC(I) =00

D.(a) = oo
D.(b)=1
DE(C) =00
D.(d)=1
D.(e)=0
D.(f)=1

De(g) =02
D.(h) = 1
D(i) = o0

10
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Dy(a)=8 Dylf)= oo Dc(a) = o
IR R el
DV i . Dy =eo Dy = oo AC) =
D (ao Dy(e) =1 Dyli) = oo D (d) =0
D,(b) =8 . 4 - gcgf)):-:
D, (c) = o= bt e D(g) = oo
D,(d)=1 8 compute 1 DC(E) -
D,(e) = e Dc(i) .
Da(f) = 090 . t C
D = o0
= breceives DVs D:Eﬁ)) .
froma,c, e, D, (i) = oo = D,(a) = oo
computes: — Di(b) = 1
Db(a) = min{cb,a+Da(a)l cb,c+Dc(a)l cb,e+De(a)} = min{8,°°,°°} =8 BEE;))::T
Dy(€) = min{e, ;#Ds(c), e +Dlc), e +De(c)} = minfos, 1,00} = 1 D (e) =0
Dy(d) = min{c, ,+D,(d), ¢, . +D,(d), ¢\, +D,(d)} = min{9,2,00} = 2 D(f)=1
Db(e) = min{cb,a+Da(e)ﬁ Cb,c+Dc(e)' Cb,e+De(e)} = min{oo‘ec’l} = geéﬁ))j ;_o
Dy(f) = min{ey ,+D,(f), Gy +Dclf), €4 +De(f)} = min{es, 0,2} =2 D) = oo
Db(g) = min{cb,a+Da(g)l cb,c+Dc(g)l Cb,e+De(g)} = min{°°, o, °°} =3 gbza)) = ? Bbgf)) =2
c) = =00
Du(h) = min{c, ;#D,(h), ¢, +D(h), c,e+De(h)} = min{eo, oo, 2} = 2 Did)=2 D(h)=2
Db(l) = min{cb,a+Da(i)’ cb,c+Dc(i)l c b,e+De(i)} = min{°°, ©o, °<’} SE3 Db(e) =1 Db(l) =0

distance-vector-example-2

F RS YRS R S R R, — BRI R AR AR AR B R RO SN, B s o A
MRS R BT, B HEEE (routing loop) .

H =AM S, Z 0 Y B AR B X, AN 50 XY S5 EE BUAS N 4 39 K 5] 60, Z TEVE3REN XY 4R A
IARAL, 5 ZY-X (R kA%, Y TN 3 XY 3 28 A A2 4k, R SR B k&, RIL D, (X) RS, ik
PR AL R4 Zo Z B BB ARG TRARE Y, Y EHT A5 8) Dy (X) = Dy (X)+D,4(X) = 1+5 = 6,
BB IRAL L Zo Z BB G FAE A Y, Y B HEA S Dy (X) = Dy (X)+D,(X0) =146 =7

------

11
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.'
4—60 1

= 7
% 50 7 =
X_/ _Z

routing-loop

WRC(X,Y) SEMBITES R, B —HAEY Z IR B i A T 20 A 05 0 2 e,
TPl U R 28 FR AR WL FLIAT 58 SR I MA R o

1.3 LS 1 DV [Pl

e RS e o D ESURI B 2 R R e DD SR PSR T 2 e s, 2R AR KR Lt

LS DV
MR AT mili), RN O(N?). ABJEAY RURIASHe, G I TR AN E o
IR
WSIOHFE  BARBEN O(N?), WTREAFERS R o I T ANBAAE 7T REAFAE % H [F13E
B REA RS OL TS BR h3R, RAS R e SR AR OB At ph AR e R R, A
Tk R A

2 HIGARGZ NG

A RITLIR W b A4 B 7 s, SRR BOEAS . VHEE. AR IR S KA . I K
PR, LS i i SA L R AR TCVE S8 BB IR AL 4R, DV i il B Jei kel i, it a2 A EAE
1 ISP & H, ISP 7y B2 [ M B H e 2%, JF [ SRR A IO ZH A 5 3o D T NEX RS O, R K
PR LT85 190 2% ) 70 DA — A /ISR B s R 25, /N PR B 4 0 20 A ) — AL VR B, S AT AR [ R % e

12
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BV, AR/ HH o 0 4% R R 20 1 R, SRS B ER A X 4 Y i 96 R 48 (Autonomous System),
W HiGdk, TR AS. RITHk4, FAY B IRE A B EA U E M A M9 (ASND,

P B P OB AT A B, T DA S B YA RGN B e Pl (it OSPR)Y Rl H ¥R &R 46 W) % it il
(BGP). 5% o I [ IS A FH 380 A B SCRIISR R P 130, 35 P % R B SR 527 VR I % e EGRAR . Yoe
PR RS H s JIRLE B DT F VR A R pH AR R, e RS R A H

Intra-AS
Routing

forwarding
table

A

AS1

intra-AS
routing

AS3

intra-AS
-\ routing inter-AS routing intra-AS
N routing
: AS?2

AS-and-routing-table

2.1 OSPF: —FPBEBCIRASES thtpil

OSPF (Open Shortest Path First) WS LR ¥ LS % i #pi8, {8 H Dijkstra &3k, LLUSHET f o BHAR 11
AR B AR . B ATAE IP ML, SINT “IXI” MES, # AS R0 h—AVE T IX R 2 ANk
B, B AR T XIS T XA . BEEAS SANAE I 3/, X R v BRAIG T 2 R
Ao RIEIBETE FRVE ISP KA AS K53 h 22 JA 25, i I 288 55 B R TG P o

13
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boundary router:
connects to other ASes

N backbone router:

"\ runs OSPF limited
to backbone

area border routers:
“summarize” distances to

destinations in own area,
\ 7
7

advertise in backbone

local routers:

, N
* flood LSinareaonly P N \area 3
* compute routing within
\ ~
area - N
1
° H Y e
f(_)rward packets to outside area {1 “----- ; . ) routers -
via area border router =7 °  T=-----
area 2
OSPF

OSPF B3 JEL At e fif P S0k s MDS BEAT 1IN, R IREIRAIE R i s ovE 2 BRI 5 R
A, S TSRt EAl, OSPFIESZRFZ BRAREH, 4 2 SR BAMIF 12, OSPF
MM 2 4 kA%, RN SRR AR I R 45

3 HIR RS HIE{5: BGP

% 2 A) 1P bk 7E 1% b 22 P R AT B K S SR UG IC LA 8 6 A i 11, 6k Tk m) A, 2% i s 20 Hds
W R B F Wl F RS . X, B A GEFR ] P Muhb s A7 ML, 17 ZEAE ] 045 i 48 e A )
2%, BIARYE P 4% 202.202.22.0/22 ¥ 58 Bk 1 8 K I i 1 o

T SEPRIRIEEAE, BT B RS ES IS AT AH [R]85 R) % B B i——BGP(Border Gateway Protocal) .
Yo eh s R s, AS 14 nT LU oAl AS T8 A5 1) B Hh 20 H FRAE M G (gateway), AN ARSIl
fE % eR A AN S0 th 88 o 8 T UM A R R B H (0 AR B B 1, O IR IUAH 48 1146
BRI ) A R

T RECAT VT 45 R, mh AR AN R AR A s O T iR BR B Rs O R B H IR 1 TG R
FERAR, AR ZIAE FVR IR L IEAS . AR, 3R] AT Uy ) PR AR R A AR T B VA e ) AR 3RS
T R AR T A X ST P i el B IS A ). BTLL, BGP IEREE S NN EBER: (IBPG) FIAMI
%% (eBPG).

14
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AS 2

AS 1 — = = eBGP connectivity AS 3
______ logical iBGP connectivity

gateway routers run both eBGP and iBGP protocols

BPG-connectivity

BGP PhMAEH] TCP 4%, PrLl iBGP IERLEEIRIERL, ALY H BB IRAHE

SEBORLT N F N, SR b i BRI P LU, BRI A BAEAL B, Sl I ANF e
FI2E, JFH A BIREIVIZE A SV BIzE /R A B BRI, iRk B B REY) Mt k. H
IR R e s A SV B, BT DU B BT BARE TR RE, I (K BPG LT
TR RS . BGP P S B S DL T s i v, JERE AR R, B AT DU A B
BREEE R, AT [ARRE FRICE T B ISR, SEILR A 0] i ph AR e

« OPEN: ML A% BPG Ak 77 i 37 TCP JERIF 40 E A Ik Ty
« UPDATE: B#r #1215 o
« KEEPALIVE: #:1% OPEN ¥4 55 i [B] KEEPLIVE, 1] DU T-4ERpi R4 .
+ NOTIFICATION: X M IE R Bl A ik .
BGP f5% £ 7 %2 (¥ J& P A2 LL R Wi

o AS-PATH: ASN %138, ZRo/RFIHET W FTAE B iRk i) i 42
o NEXT-HOP: F—BkH AL (AS-PATH #E4h A1) M5 1P Hutil,

15
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BGP-path-advertisement

AS1 RT3 AS3 F R X A a] i b AR R R

o AS3 [ A4 F VA1 AS2 W56 2¢ K% AS-PATH, 2K AS3 EIGI S0 5 A1 1M X
« AS2 M3 2 #2021 AS3 1) AS-PATH Ji7, 1EiL iBGP AL4%25 AS N ITH I 1 4% -

o AS2 M35 2a 11 AS-PATH RS AS2 BRSNS, KIXLT AS1 M 1c

o AS1 W% 1c #:H % AS-PATH J5&, KIXF AS Py HAh % i 2% .

Xt T AS3 K I% ] AS-PATH, NEXT-HOP /& 3a i IP ks X T AS2 K i% M) AS-PATH, NEXT-HOP /2 2a
1P Hutil. ¥R Ik AST YRS HH 8 1a 17 AS3 7~ X B R il iy, 2l ol ek py % el o iSORs Bl i i
RAEM I 1c, 1c HkFEke AS3 B AS2 4 k45 AS3. FRIXFHENL T, HARM ASL 1 AS3 i 4% 1%,
{EP 4 AR AR B R M 5% 1e, T 1a SEfr B — Mk %,

Bl S % 8 ) AN R AR IR 2 AN G RT DL, B4 R a2 T3 (hot potato) 3
W& P I o At O SR B AR By A G, % e RO B AR A A e DL S 72
T, BB RSB B CAR/NMIC, AT 8% AL 5 45 oAl B VR IR A e

hot-potato-routing

CAERIZE, 2d 221 AS3 HK) 1 I X B R Bdladhe,  AOUAT 2a At 2¢ AN DG ) ARG e, LI ey
WG 2a, AHHE 2a fhifisy AS3 [RIlA . HAt S i th S L AL, 18 B SR R OG Y RAS
SR AR PTREAR 22 BGP 1 Y S MR ) i b VA 0 die (A2

16
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« WA local-preference @, 2ok £ M i (1 9 2%
o XFFOUELANRII RO, 1EFE AS Bt D 1) R G

o BIOCAS BRECARARIR], A0 At B .

o WERAT 2RISR AR, LAl O FRAEREA TREFE, L An{EH BGP 1D

4 IP £H%

BGP Pl e F AT 2 4 21 H (19 1P M hEFR B A%, SR A ANRIAL B T HUAR ) 1P ik, % s it ox 4
W2 26 B0 1P HBHEI R A, B AR IR R B2 2 A BATHIA 1P (ML, DONIX R B[R] — ML
AR KPS T 2 A TN Ak S0 2 RN 21T s TR AE X 2 1R R 1
DU LR Cany cast), — MRS N BEECY L, (BAEAR M4 i a], AT b 22— mr BLagi
kil et pQIbIEIS R

BGP % FH#% 1 BESS EFEA I A6 A2, 1P ATHErh TCP i K60 1 B 23 bl e ke 3 oA IR 45 4 59 (L
A AR 1P HuhikAH BGP BEARAN R ML, Fr oL IPAERRI N H I 5eise . — AN IP AT HR 10 9249 7
DNS g5 2%, B 13 MRS 45 (P Huhik, (A 20E AR S5 2 L5070 A BRAS [F] X 3

KT IPAEFRIBORHEA =, dEdE T R TR R /121

5 ICMP

ICMP(internet control message protocol) Hl T- A& HME &, 15 23U ICMP A& 745 S,
511 45 by 20 38 H R Bk T ¥ U i) £ £ L IR 1R ICMP 3 L

ICMP S8R A 2% JE LI — 385, AR AT 1P WU it il B (AR ICMP 3RS AN} — & 17 1P
WD), FTUMEAAEEE, 7T LUK ICMP 34 X 2% 2 L 2 o a] (R s

t—t—t—t—t—t—t—F—t—t—t—t—F—t—F—t—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—t—F—+—+—

|Bits | 160-167 168-175 176-191

t—t—t—t—t—t—t—t—t—t—t—t—F—t—F—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—t—F—+—+—

| 160 | Source Port | Destination Port | Checksum

d—t—t—t—t—t—t—F—t—t—t—t—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—F—h—F—F—+—

| 192 | Rest of Header

tot—t—t—t—t—t—F—t—F—t—t—F—t—F—t—t—F—t—F—Ft—t—F—F—F—Ft—F—F—t—F—F—F—F—t—F—t—F—+—+—

« Type: ICMP [¥2RAY, FRiR A sl A R4 S

17


https://en.wikipedia.org/wiki/Anycast

W)z PR

« Code: iK% ICMP FIZEAL, 1% 7 BO IR A 4k AR B R R AL i, ICMP (1 H b A nlik
BIAT IR AN 15 15 ok FR AR 1 .

« Checksum: Internet fZ50 A1 (RFC 1071), M THHMTHI AL, 1K 5 AE AN ICMP SLFI L 1%
TR 0 MR TR H

+ Restof Header: LIRS, PUF1F-B, AR ICMP R B RARAD i 3 Fr ARl L dn
TR IS i SO o S R B B % pR e 1P Mk, TR SR S (2R A RSB

ICMP Z8834n N (e EH4E5E (T R

I %

R i R E{iba il

0-EchoReply 0 echo Wi, (# R 7pingfliHD °

land2 PN N i

3-HMAT 0 H b 4 28 AN ] ik °

ik

1 BRI NCIBN ]

2 H AR PR A T IL °

3 H Aty AN AT 3K ]

4 FLR ST BB EDF o
flaghrids

5 VT N °

6 AR FN ) H 5 0 2% i
AN H bR ENL o

8 VRN T o
AHD

9 A 11U 1] 1 09 2% A

10 281V Il (9 L d

11 XPREE IF) TOS W 4% .
ANATIA

12 XFRESE 1) TOS 4L °
ANH]Ik

13 FEIS RS VR EEA TR °
Wikl

14 LB .

18


https://tools.ietf.org/html/rfc1071
https://zh.wikipedia.org/wiki/%E4%BA%92%E8%81%94%E7%BD%91%E6%8E%A7%E5%88%B6%E6%B6%88%E6%81%AF%E5%8D%8F%E8%AE%AE
https://zh.wikipedia.org/wiki/Ping
https://zh.wikipedia.org/wiki/Ping
https://zh.wikipedia.org/wiki/IPv4报文结构
https://zh.wikipedia.org/wiki/IPv4报文结构
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xR

k2

15
4 - 5 5K A
5- HE ]

1

2

6
7
8 - I K[

9 - ik At iE

A
=]

10 - # th #id
K

11-ICMP i
i

1

12 - 5 n]

1D IP Sk
1

2

13 - IR R
R

14 - It (R
&

15 - 5 B3 K
16 - {%‘/E\@%

17 - Hhhik-Hefg
15K

(¥

i IRZS

0
0

P 12

e

HE ) ML

BT TOS H M 2%

S ]

T TOS ) EHLE

S I
#H

PN

A &b LNy

TR AL IR
ASCRFIRE

e
M

Eitipay

Yo ] (PHZEFE D
LE [ ] 45

BN
(734

Echo i3k
% FH I

i £h 4 (0 R A 7R

TTL &t

IP IR B S HE R

A TRk sk

I TRk A 255

(EFSSZERN
fr BN

HuhEHEAS T K

F [
B Rl
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https://zh.wikipedia.org/wiki/Ping
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T o

KA iy CIRZ EiEiba WA

18- HbhkHEfy 0 FHH HiyhkHEAL Y 2 °

VS

19 TR B PRl 224 g PRI R B

20 &2 29 N Reserved for robustness experiment

30- 0 FH (CESNTEN

Traceroute

31 FH HHE A e

32 #H THLA 25 € ]

33 3 H Where-Are-You (originally meant for IPv6)

34 FH Here-I-Am (originally meant for IPv6)

35 5H Mobile Registration Request

36 FH Mobile Registration Reply

37 FH Domain Name Request

38 FH Domain Name Reply

39 FH SKIP Algorithm Discovery Protocol, Simple
Key-Management for Internet Protocol

40 Photuris, Security failures

41 SO I ICMP for experimental mobility protocols such as
Seamoby [RFC4065]

42 ¥ 255 (3] (735

235 SR RFC3692 (RFC4727)

254 SRR RFC3692 (RFC4727)

255 (3] (735

XHEA A ICMP R0 JEuhHHIHR 3. ECHO request/reply #3C.
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