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Research and Si_mulati‘on of IS-IS Routing Protocol

XIONG lJian-Hui
(Concord University College, Fujian Normal University, Fuzhou 350117, China)

Abstract: IS-IS is a link state routing protocol, which is introduced into the TCP/IP protocol stack because of its high
efficient and stable features from the OSI protocol stack. IS-IS supports both the CLNP and the IP routing. On the basis of
the in-depth study of IS-IS protocol by NSAP address, area type, message analysis and working principle, an IS-1S
experimental network model of multi-region and multi-network is designed, and it is successfully,realized through the
Dynamips simulation platform. The simulation results verify the mechanism and principle of IS-IS protocol with the
analysis of packet capture and neighbor table, topology table, and LSDB, which €an provide reference for deployment in
the actual network, and the instance can be migrated to the actual network seanﬂesé‘ly. :
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1 IS-1S Mk S btk

D] BB PR (90 JFF TP T B T R P R, B
41924 J& 1SO/OSI RM 1 TCP/IP. 3 H OSI RM fE Ky
SO Hxife, HBEEH AN A&, TCP/IP B 7 F 55 E IR
#f£. IS-IS 5 CLNP. ES-IS £ OSI RM H [ 28 R 1) =
KU, FH HAEL AT, 35 B B AR B e E P . 2%
e, I1S-IS PrsOIF R Z W1 & N fE 12 5 7 (ISP) M
%% JyHET Dijkstra () SPF 3% i) — Mk MR 25 1%
V. #R¥E ISO/IEC 10589 AxifE, e #] IS-1S AU S #F
OSI H ] CLNP %), {H i1 F 1P 9K St K B 1S-1S
B4R, J5 5K IETF X IS-1S #E47 T etk ks, ok
T RFC1195, A [FI 2 FF OSI Al TCP/IP #pis 4%, Rl
“HE XU IS-1SP). R ] TCP/IP (5 £ S, A
SCH TS R SR R IS-IS, A T i 7 18 PR ik
TR 1S-IS AUBF B2 A IS-IS. }

IS(Intermediate System) R RS, BB 2, 15
Z FN B )4 ES(End System) it & 4t it AL,
NSAP(Network Service Access Point) B[ /2% Ak 45 1 Ir]
25, VBN OST R 2% J2 i ik, AR AN A (M AR
M EA R D) Bl—AN IS, HasmmE 1 fow, KEAN
T8 FATH] 20 FATFEAT, 734 IDPOERIHILAETE 7) i
DSP( 145 72 #53); IDP FH SRAR RIS, #1244 T 1P bk
H = %% 5, X4r A AFL(HZ BRI AR R 7)) A
IDI(HIAG AR IR AT, AFL 37wtk 7 B ATLAS R0 k4%
X (40 AFI N 49 /& RFC1618 i 84 1) FA A5 Hh i),
IDI FH KRR DSP A1 T 1P ik A (1)1 5 1 3=
MUk, o High Order Dsp 1 IDP [#] AFI. IDI —j2

I Area 7B, 15 NI X 83t 3ik; System ID BILR S

Mk [ e K BN 6 T, b DX 3 R T B B E(S), TR
455 DI 95 0 — iy NSEL BB BEAL, F1 1S b
(f)38EFE (3 1), 48 NSEL 4 0x00 1] NSAP Hudi-#x Ay
NET Hudt:. B % 1S-IS {75 4L 1P 4% thit, th 5 2
NSAP ik, 5f H R A48 NSAP Hubik WA ) 72 53
SIX 23N 1 ASF45 NSEL. 6 N5 R 48 ID A4
/0 3 AT X S kS = AN

IDP DSP
AFI | IDI | HightOrderDSP |  SystemID | NSEL

— R ——e— 67— 157 |

Bl 1 NSAP HudbAg =

BEPE E R, SRS DUK M A ) MAC Hihik. H 2 ok
ST AS (IS) AR IRAS[RIFE I, 78 52 5 0 25
SNAP £Ix. fELLURMHF A 6 FHT RS ID 1 715
B O 4 5 327 s B H ik, I HLAE RN A |l 4
hostname 1% R4t ID. — /Mg th 2% (IS) I TH £ 55
HRIA L A 24 SNAP Mk, {H A —A> NSAP Huht.

2 IS-IS Bt iR 2R
2.1 IS-IS EAARIE ¢\

IS-IS PDU: IS-IS J9 T kAR #% . /5] LSDB.
A AN 4%, §INT 1S-1S PDU(HMIUHE 56, IS-
IS PDU J& 8 5 225 7R 4000 6 % 2 o ifi 4F 1P 2% CLNP
1% B2 5. 1S-1S PDU ¥ % 4 Hello. LSP. PSNP %
CSNP S DU, s Ransk 1 R, Hodh: Bhnsk
MBS TLV 7BIYN 8 ML, RiEKES
PDU S0 6. R RIMEA VLN & TLVEE, KA
% Type(8 £i7) Length(8 fi, &7~ Value {5 1 ) Al
Value({f), IETF AI#R4f 75 2251 € X Type 187 J5 37,
M AT DAF F2 IS-IS B I 52 FH AT 8K,

%1 IS-IS PDU R 3Tk

5L P9 Bk i PDU & Version==1 R4 1D 32 fiL
WK A5 A Kz
PDU Z£#! Version2==1 Reserved Max.Areas 32 fif
B0 R 7 B ey \BEIEET B K
TLV #EB ~TLV #B& Tk

1S-18 o0 % HeIS-1S 4 FF 2 B i 11 46 0 44

(BMA) Fll 21 S 4% (P2P) P i X 45 2 7Y
IS-IS (XK A T S FE A MU I B th %, 1S-

IS 35 (Domain) XI5 B 24544, BIE X8, 68T
X3k BB T XA Xk, & X808 2 5 X 5
B Xk, X3k b p s B 25 ff €69 Level-1. Level-
2. Level-1-2 =Fh. FF X HIES: Level-2 % HH A% 1
Level-1-2 B A2 AR, 61 5744 3658 #e AN [7] [X 45k H] LSP,
BT XA 2 s, & XIS T Level-2 B #4824
SRS, DARAIE B T X R 8. 6 %t
ay R E T — N Xk, X A L
2.2 IS-IS T1Eid72

IS-1S 1B — ik BoR A 1) 2% BB, B4 B 2%
B — AR, AR RREHEY — M B —
BB R AS B PE (LSDB), 3 1M T BB 2% 14 1
MK (31 4832), 7EFIH Dijkstra 9 SPF S0k H 1S-
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IS B 125 H, 2K H1 a3 R4 i PLEE 0 {H (AD) it 82
N .

o

L2
Area 3
|L-1 2
L /Tl'{x__\ | /J
Areal\ 5 Area5 -2 E
S !i y— e
@ EI=2 —\15-2-" L-1

B2 IS-IS ‘BT IX i

(1) AR R

3L 3% Hello 5 3CHI RS SLANYES 4R 42K R T

B4, Hello f3CH ESH. ISH, [ ITH % =4, It
o ESH 5 ISH £ K E1E ES 5 IS ZIAlf; 1IH B 1S-1S
Hello, H IS 52 B 45 40 5 IS PLEE T - 4EFR AR K R
Level-1 E%Hﬂ%ﬁm'ﬁﬂ[iﬂji Level-1 fll Level-1-2 #%
BT RAR 5 K &, Level-2 1%l #8 1l 5 7] X 4k sl % Hoes
X1 Level-2 I Level-1-2 & H1 28T B4R & = &. Al
J&T Level-1 fl Level-2 ) HZSFK N Level-1-2 B H
2%, Al 5 [E X1 Level-1 Fl Level-1-2 4% B #% 2 1%
Level-1 20 /& ¢ &, 0] 5 [A] X 38 835 I A X 42 1)
Level-2 Fl Level-1-2 #% H#$E % Level-2 FI4RfE KA.

(2) 4k3" LSDB 2 pidfih %

T AR 5% R 1) IS 2 Al 22 K 1% LSP(HE BIR A&
PDU), H kA8 #e 4 #oIR A5 B 523 LSDB [A) 5. 18
BMA W% H IS-IS 14—k tH 284 v DIS(Designated
Intermediate System). DIS £ 3%
(Pseudonodes), A= BT A 0B B IR 2 B LA B
JG LSP. £l 55 A2 ﬁﬁiﬂiﬂﬂ%ﬂ%aﬁ AU A,
£ A IE I DISWHI System D F—NFH ) Circuit
ID(FE O {H) bR A FH O 45 st mT fi A0 X 28 40 3, 1 2
HI #4577 A2 1) LSP K BERI, U4 5 A AR AL I, 75 2
A LSP # it c/b, Jk/> SPF Y B 5V FEAE
SPF 55 Pt Level-1 il Level-2 [ DIS 43 5li%%5, H
JAR] DA [H] 28 53 DIS 3k 2% 15 B AN 1R /A 5 2%
DIS 85 4 Bqf 55 K FI B 3% S DIS. i SRR 56 244 7,
W MAC Rtk 552 K 1) 2% HH 28 S 40 H . MBA W 2%
1 IS-IS PDU #f 3id it 2 7% 75 AL i, Level-1 14 #
17 01:80:¢2:00:00:14, Level-2 (4L &l Jy
01:80:¢c2:00:00:15. P2P M %% H AN ik %% DIS, IS-1S

242 i FH K Research and Development

) 5 0 B Oy g

PDU i it #ui% )5 2 fE .

CSNP(5E4: 415 PDU), Hsk KA 1S L 58 1%
PR 2, PSNP(#4) 7515 PDU) HRA ARG
KRBEHOIRAS(E 2. PSNP 78 P2P W48, FiJ Tt 2 i
{1 LSP BEATHiA; 75 BMA M 2% b F -3 3k i 20 14
LSP. CSNP 7t BMA %5 i DIS Jil Bt & ik, Lok
ilE LSDB FIHERfTE; 15 P2P /R2% FR AN AE 7 37 AT R .

Q) itHEHH%&H

IS-IS 199 2% H it £ 2 340 40— B30 B IR 2 il
P JE 43 B4 1 LS, 4 M Dijkstra ) SPF 535t 5
I 1 2% N, TS-IS HR4HTK 1% Metric {8 3k it 4% 51
LB 190 4% B B 725, 482 115 10 Meetric (A9 10, 6
B Metric {25 T B2 285 H45 1 Metric 2 Al

44 Level-1 241 LSDB {0 AL & A X 45 (1) #% 15
B, 44 Level-2 2717 LSDB 19,2 X 38 ] 1 % i 45 5.
[ 4E 5 Level-1 22 F1 Level-2 2%/ # 4~ LSDB K,
Level-1 221 LSDB H T X 38 N % H1, Level-2 2411
LSDB 7 [X 38 [H] #% £
2.3 IS-IS BEHk

B B IAN Level-1-2, FFEE M 4547 2
LSDB J &i% 2 Fh2E M () LSP. J9H i i vh R s Ui
WAk DX P B 2R BN Level-1, X 38 8] 2
A E N Level-2, Djéiﬂ?%&%ﬂa%ﬁ%ﬁwﬁ Level-1-2
B ARASE Level-1 B HH 48 2 IN— %THW Level-1-
2 H ATT A28 1 KO8 b 23 B8R LB . R BRI
HLF, Level-1 é&”‘ﬁfjﬁ%ﬂaﬁé‘\ Level-2 2P H, N T 2
7o TG 4 G SR, T LR 75 BE (W40 Level-
2 I R AT E] Level-1 2815, U ALFR B E RS

3 IS-IS Mg it 5 i |

ARSI FET Dynamips A1 unzip-¢7200-js-mz. 1
24-12.bin B S I0S i & T — MG 5 G HECW
2 DX IS PR I 25 S 1Y) TS-1S 4%, R1. R2. R3 &
it BMA %% (Ethernet) fHE [F] 4 T X 4 49.0001,
R4. RS 7354k T X35 49.0004. 49.0005, 1% M 45 % %
[F) 42 ez 5 BB LW B 3 frs. SEIG i #E AR
I T LR E I IF s . 40/E%£. LSDB.
R
3.1 WMEEAREE

%% 2, 75 B B 48 R1~RS & [ [#) 1P
HiyhE I RS SRS 2, FEH Lo0 SRR R, Wil H.
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K3 IS-IS BB HHFH

F2 HRBER
% H1 4% Edm 1P Hhuhik TR
N FO/0 123.1.1.1 255.255.255.0
Lo0 1.1.1.1 255.255.255.0
FO/0 123.1.12 255.255.255.0
R2 S0/0 24.1.12 255.255.255.0
Lo0 2222 255.255.255.0
FO/0 123.1.13 255.255.255.0
R3 F1/0 34113 255.255.255.0
Lo0 3333 255.255.255.0
S1/0 24114 255255285.0
- FO/0 ML1A - F 255255550
SN 45.1.14 255.255.255.0
Lo0 4 4444 255.255.255.0
RS S1/1 45115 255.255.255.0
Lo0 5555 255.255.255.0

3.2 IS-ISELE
¥ He 3R 3, 73 I C B % B 2% R1~RS #J NET Huik,
oA Level Z5RUNERIME, FTA B8 B 8% M 4% O35 F 1S-IS.

*£3 ISISHER

B BRIA Level NET ik

R1 Level-1-2 49.0001.1111.1111.1111.00
R2 Level-1-2 49.0001.2222.2222.2222.00
R3 Level-1-2 49.0001.3333.3333.3333.00
R4 Level-1-2 49.0004.4444.4444.4444.00
R5 Level-1-2 49.0005.5555.5555.5555.00 -
" o
3.3 MRER 94T )

£ R1 L #EA4 KE%@JE%@& LSDB £ 4
i, iTLAE S R2. R3 @5 f0/0 M%7 T Level-1-
2 BN R R R, B B A BRIN Y Level-1-2, L&A
Level-1 Al Level-2 ff] LSDB. [{J#£7E R2. R3. R4.
R5 A DL B SRBUR 0.

7 R1 _EKE] RS F 100 ¥
o, MR,

3.4 AL IS-IS REER DR

MR b 3L 1S-IS Ak J5 B R AR 28 30 4, 7333 % 2%
%% R1. R4. RS [ Level 5B B E N Level-1.
Level-2. Level-2. fE4LJ5 R1 K ISIS 4B B R AL, H

H A, il s

ISIS #i#h &A1 LSDB @1l 6 firax, RIBULAL R &k
70%. [FlFE, 7£ R4, RS b E WAL ZIA 30%. fEik )G
Rl _E&EHZRM T — 28 A B B (<bRic), Wk 7 Bk,

R1#show clns neighbors
Systemld Interface SNPA
R2 Fa0/0 ca01.0864.0000 Up 27

R3 Fa0/0 ca02.0864.0000 Up 9
Rl#show isis topology

I1S-IS paths to level-1 routers

System Id Metric Next-Hop Interface SNPA

State Holdtime Type Protocol
L1L2 IS-IS
L1L2 IS-IS

R1
R2 10 R2 Fa0/0 ca01.0864.0000
R3 10 R3 Fa0/0 ca02.0864.0000

IS-IS paths to level-2 routers
System ld Metric Next-Hop Interface SNPA

R1

R2 10 R2 Fa0/0 ca01.0864.0000

R3 10 R3 Fa0/0 ca02.0864.0000

R4 20 R2 Fa0/0 ca01.0864.0000
R3 Fa0/0 ca02.0864.0000

R5 30 R2 Fa0/0 ca01.0864.0000
R3 Fa0/0 ca02.0864.0000

Rl#show isis database

I1S-IS Level-1 Link State Database:

LSPID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL
R1.00-00 * 0x00000009 OxABAD 815 1/0/0

R2.00-00 0x00000009 Ox1EDA 760 1/0/0
R3.00-00 0x00000009 0x9D11 982 1/0/0
R3.01-00 0x00000005 OxFB30 684 0/0/0

IS-IS Level-2 Link State Database:

LSPID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL
R1.00-00 * 0x0000000A Ox7EF8 813 0/0/0
R2.00-00 0x0000000C OxBA29 710 0/0/0
R3.00-00 0x0000000A 0x2059 867 0/0/0

K4 R1MILBER. $H#MER K& LSDB

R1#ping 5.5.5.5 source 1.1.1.1
Type escape sequence to abort.
Sending 5, 100-byte ICMP Echos to 5.5.5.5, timeout is 2 seconds:
Packet sent with a source address of 1.1.1.1
Success rate is 100percent(5/5).round-trip min/avg/max=100/108/116ms
\. =
\, K5 RI 2| RS fAETEN R

A
s

Ri#show isis topology

15-15 paths to level-1 routers

System Id Metric Next-Hop Interface SNPA

R1 -

RZ 10 RZ Fa0/0 caDl.0864.0000

R3 10 R3 Fa0/0 caD2.0864.0000

R1#show isis database

15-15 Level-1 Link State Database:

LSPID LSP Seq Num LSP Checksum LSP Holdtime ATT/P/OL

R1.00-00 * 0x0D0000010 OxS0BB 816 o/o/0
R2.00-00 Ox0OOO000010 Ox1011 1111 1/0/0
RZ.01-00 OxO0000001 Ox919E 0(121) o/o/0
R3.00-00 0Ox00000010 0OxBD18 962 1/0/0
R3.01-00 Ox0000000B OxEF36 540 o/o/0

Ke itjE R1 FIFHFNEF LSDB

i*L1 0.0.0.0/0 [115/10] wia 123.1.1.5, FastEthernet0 /0
[115/10] wia 123.1.1.2, FastEthernet0 /0

B 7 AR E BN R BRI S B
HE—b, M FEERE 49.0001 XK H# A
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45.1.1.0/24 By n] SEPE BT Ak XS A 4 A %% e ok
H, Al {E R3 bt 45.1.1.0/24 # t1 3] Level-1, #HF 5
R1 BB R E 8 Bk,

3.5 IS-IS RILH#

N IE— B EAE, 7 fE R1 ) £0/0. R2 (1)
s1/0~ R3 [ f1/0 J% RS () s1/1 EHNEL. R1 £0/0 %t H 4K
REFAIAYER) Level-1. Level-2 Hello 2 (ITH, BMA ¥
g6y ok o K 10 Fows.

C  123.1.1.0 is directly connected, FastEthernet0d /0
45.0.0.0/24 is subnetted, 1 subnets
i*L1 0.0.0.0,/0 [115/10] via 123.1.1.3, FastEthernet0 /0

K8 RI L ittt Ja 1 # : -

& IEEE 802.3 Ethernet
@ Destination: ISIS-all-level-1-IS’s [(01:80:¢2:00:00:14)
@ Source: ca:02:08:64:00:00 (ca:02:08:64:00:00)
Length: 1500
@ Logical-Link Control
= IS0 10589 ISIS InTRA Domain Routeing Information Exchange Protocol
Intra Domain Routing Protocol Discriminator: ISIS (0x83)

PDU Header Length: 27

Version (==1): 1

System ID Length: 0

PDU Tvpe : L1 HELLO (R:000)

B9 RI1 A 0/0 $T3KH Level-1 Hello £ (11H)

B IEEE 802.3 Ethernet
Destination: ISIS-all-level-2-IS’s
Source: ca:01:08:64:00:00 (ca:01:08:64:00:00)
Length: 1500
Logical-Link Control
B IS0 10589 ISIS InTRA Domain Routeing Information Exchange Protocol
Intra Domain Routing Protocol Discriminator: ISIS (0x83)
PDU Header Length: 27
Version (==1): 1
Svstem ID Length: O

D

Bl 10 RI1 19 £0/0 413K Level-2 Hello 2 (ITH)

-

fiife 1S-18 J5 R1 E?ﬁr_;fozo s L g T
Level-1Hello 3 (ILH, BMA [4%%). [AFf R2 s1/0 % [
PR B R AT Level-2 Hello £9 (ITH, P2P M£%), 43
wE 1. B/ 12 Fios.

= ISIS HELLO
Circuit tvpe :|Level 1 only] reserved (0x00 == 0)
[System-1D {Sender of PDUJ|: 1111.1111.1111
Holding timer: 30
PDU length: 1497
Priority : 64, reserved(0x00 == 0)
System-ID {Designated IS} : 3333.3333.3333.01
B Protocols Supported (1)
NLPID(s): IP (Oxcc)
B Area address(es) (4)
Area address (3): 49.0001

B 11 R1 [ £0/0 FM3KHT Level-1 Hello £2 (ITH)

244 W5t JF K Research and Development

B Cisco HDLC
Address: Multicast (0x8f)
Protocol: 0SI (Oxfefe)
CLNS Padding: 0x03
B IS0 10589 ISIS InTRA Domain Routeing Information Exchange Protocol
Intra Domain Routing Protocol Discriminator: ISIS (0x83)
PDU Header Length: 20
Version (==1): 1
Svstem ID Length: 0O
PDU Type : [P2P_HELLO (R:000)
Version2 (==1): 1
Reserved (==0): 0
Max. AREAs: (0==3): 0
& ISIS HELLO
Circuit tvpe :[Level 2 only,] reserved(0x00 == 0)
Bvsten-ID {Sender of PDUT : 44444444, 4444

12 R2 1 s1/0 #M3KH Level-2 Hello £ (ITH)

7E R3 [ £1/0 3 CIREE Lz\gs\:IP (AR
F R4, BMA 4% i)y W E13 PioR. P2P M 48 H )
CSNP @ﬁETE¥~@$T

) .,

IEEE 802.3 Ethernet
@ Destination: ISIS-all-level-2-IS’s (01:80:c2:00:00:15)
Source: ca:03:08:64:00:00 (ca:03:08:64:00:00)
Length: 150
Logical-Link Control
IS0 10589 ISIS InTRA Domain Routeing Information Exchange Protocol
Intra Domain Routing Protocol Discriminator: ISIS (0x83)
PDU Header Length: 33
Version (==1): 1
Svstem ID Length: 0
PDU Tvpe : L2 CSNP (R:000)
Version2 (==1): 1
Reserved (==0): 0
Max. AREAs: (0==3): 0
= IS0 10589 ISIS Complete Sequence Numbers Protocol Data Unit
PDU length: 147
Source-ID: 4444, 4444. 4444.00

K 13 R3 [ £1/0 FMFEMH) L2 CSNP £

7F RS {1 s1/1 DHN3RA L2 PSNP 2 (RS [\ 5,
P2P M%%) i 14 iR, BAER PDU & GH4),
VR A2 B B 2 LS A EY, Type % 0x09.
Value I # #55 B (BSNP # #)s A TLV 7B (i%
TLV HRKEA 1 ;?#f, Value {f}y 0x04 ab 33 33 33 33
33 3\101 0000 00 00 0a Oa 98), FIfHE A XS R3 KKK
LSP fEI 5. R3 &K1 LSP #7350 5 AR S 76 5 KI5
Wi 15 Fizs. BMA W28 ) PSNP QLA —— 51 2.

DL EBSIE: 78 IS-IS B% il h ANk & BMA i& 2
P2P [ 2% w8538 i J5 3 14 TTH (Hello) 082 37 AR R 48
K F; PSNP 1E P2P W28 I T 0 42 2 1) LSP 47
Bk, 75 BMA P25 H 18 K fr /> 5 LSP; CSNP
7t BMA W 4% B DIS Ji JA 1 A% DLORIE LSDB (1) #E
T, 75 P2P 2% Hr S TR B T AR I ik — K.

DU~TED T T2 PSNET(RTO00)

Version2 (==1): 1
Reserved (==0): 0

K14 RS9 s1/1 FM3KA L2 PSNP A
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i H AR SN A

1518 L2 LSP, LSP-ID: 3333.3333.3333.01-00, Sequence: 0x0000000a, Lifetime: 1197s
SLARP Line keepalive, outgoing sequence 386, returned sequence 587
ISIS L2 PSNP, Source-ID: 5555.35355. 5555. 00

K15 RS HIs1/1 %% LSP ) PSNP

WL AR EAREG, 456 NSAP Ml 48fEER.
. B R & LSDB % & 43K Hello. LSP.
PSNP. CSNP %5 B 704 1 IS-IS i) AR J5 3 I
FRAT T SRR & ITH. LSP 5 BRI R L fE, 564
T IS-IS 3 HH PSRN F ARHE AN 5 3.

4 25
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& B AIR ARSI 44, TEMTIAT T IS-1S B 1 M
FAR SRR, F Bz 0 Jsh 7 vl B
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