a4k E5H I I = Vol. 41 No. 5
2014 45 H Computer Science May 2014
ETFEFMETCSWAKXMYEBHRINERE %

BRfET! #EZE&? E 8
(BFEIRGAHVTEEIRERLHE M 450002)°

g %
RHEEETRAE HH 450002)"

i E SAABTENUAARMDELIZANEIEE XA/ ENAM RERET —HEATEFAIC 6361
AAE%, LRBATCERMNARIERAEBEAEZERBE MR I hBEIERL R, 46 —FRA
HEFRIBHRATTHERS. BERRSWAN, HT S RSAHA AR EGRAH K A HE R EAM S I 4
B EZDAR R ERREFTORATERRG, EATRELALSTRENAE M6 S FRIBILLAM,
X@IA HEipH, FRERR, LCLE. ENE L LA

fEZES¥EE TP393.02 XWIRIREL A

Physical Topology Discovery Algorithm for Ethernet Based on Intersection of Multi-subnet
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Abstract The main achievements were introduced in physical topology discovery for Ethernet and the defaults of those
methods were pointed out, then a new algorithm was proposed based on the intersection of multi-subnet, The algorithm
uses the Minimum Requirements of Address Forwarding Table(AFT) around the intersection of multi-subnet to reason
and establish the connection between switchers. And combining a typical multi-subnet topology, the algorithm was de-
rived. Theoretical analysis proves that our method correctly infers the network topology with the incomplete AFTs,and
has low communication and computational overheads,in which other methods fail. The algorithm is appropriate for dis-
covering the physical topology of large, heterogeneous Ethernet that may include multiple subnets as well as uncoopera-
tive network elements, like hubs.

Keywords Physical topology, Connecting tree of subnet, Intersection node, Minimum requirements of address forwar-

ding table

1 518

RBHIMRIGHRM BRI ST EZ HOEEXR, B
HHEHMENEEREZ —. WNRSEENAETS . .
R miME B3 T IRARE R EE R s e
fr%—RIIMBLEF THERAEERL. AMEEZLRMAE

o IIME R RS AR T | P48 W | B K 4R E LA R
ViRERNERERS THER, SRRAZ SR IEHE
B

R HIbR AR E L RR—ERER, SRR ML
FEMTRZENEEXR. BRT, MEHIPOEATEL
HETRERNEBHIPNRAMETHEZOYBEEIE
B, BHMHINRBBHR EERTENER, FIH SNMP
B ICMP 3t i 2R, B e B e & TP R e iy e 4 56
R BEEZBERE)TIZN LA ) i SUSEHEE b » 324
PLE S NBUT M FH T MM EH EETB. HXT
BB MEREINRER, i T R REFFNENE. R

B AP 2013-07-02  iB45 H #H:2013-10-19
(2012AA012704) , T/ Ba 4 BHB 811387 A A 1R (114200510001 32 B

WItE IR RO Je itk , B RN R B B 0 S APk R .
I R34 B 1L (Spanning Tree Protocol, STP) #45#R 3 &
BE—FAI TN, BERWNE EAERA R E,;
Loran Networks fiig i FI R T RBESWH I EEBRTFR
Mm%, BEEZR A K NEHE SR NER, H BEE
FRRORBHLUWER T REHM. b FRF.ZHRILE
iR &R bl 3 & % (Address Forwarding Table, AFT)
TR RTH % EENFTE B 2RV BRER
WER T MERTE.

2 HX#R

2000 4%, UR LM i Breitbart 25 AU 7 il it x4 B
BHRINRBIREHT TR, 1 — BT e it
HERNEINERREE AN T ROBFEIER. BXE
BobE T EREREH, %E B AT R BrA X B gL st
HERBETEBE, REXFMEHRZAELIKHRY. ML,
BGFEAP B MR, R RN ER TR O R

AXBZEK 973 B A LR K B2 (2011CB311801), B&K 863 B RMER BT

W 1988 —), B i+, TEFR I KL L4, F-mail: myzengguang@sina. com; BR¥ETE(1963—) , B, 842, -4 200, TEH MK
SRR /P 1968—) &, ##E, ML ES M, TEMRF HAMEERS;E BA75—), B, 8+, HF, TEARFRANELL,

« 173 -












#£1 HemntELEER

port Initial RS port Initial RS port Initial RS
a X31Yp bs X8 € 5
az XgrXg Y1 Ll X31Xgs%g €4 z3
az ¥4 € X1 ¥11 56 fy X923
2y Y5 €3 Y2038 f Z
as Y6 dy X|»%31Y3 f3 X3
ag y7 dp X2+¥2 fy 24
b; X3 0 X7 ds ¥g f5 Xg
by Xy dy X7 fs X9
by X4 € X12¥20¥7
by X5 € X31531%g

B4, T Subnet(e)={Ni,Nz,Ns} =N, BEEX 1 7]
DBHEN M e X FMAZIC A, KK, i Pt RER
TR AEREN R e 5HHb ZHMEEXR, B RS(OR
W2 MRAFT E3k, FIRT RMMBISRIEICA o #ITERER
B, B i@ M 2 FT AR SE {ascrd) ERS(e) {f} €
RS(e;) 83 3 7] AR E (e} € RS(a1) .RS(c1) .RS(dh)
M RSCA)REEBATHN 2 F0HN 3 AT 18 {6} €RS(e1) .
{e} €RS(8), 3 HY B18 RS(){E B 528, 1 & MRAFT &
Ko PASICA ¢ AR E, XHRiME BT 48, Ju 2 Fr51.

F#2 BT MRAFT {LEH RSs 58

port RS port RS

a X21X31Yz7¥30€ d; X;+¥2

ay X1 ¥1 e X1 3% s ¥y 1Yz @ bsCrd
b Xz X31¥30€ €2 X33¥3:2%f

b, * €3 a

< X31Y31€ f; X) +Xp 92y y€

C2 X1 f; z

3 Xar Y2 f3 X3

d; Xj2X39Y110Y30€

RRIE PR A 8 B 4D 78 S B T BBl T AT 3R A
#) RSs {5 8., Blf{a,b6) ERS(c;) . {d} € RS(cs)%. B, B
I8 7 B ) o B A B VB IR 1, FRES G W HR M s D B AT
wmibshFE.
3.4 WEXLESHR

MATHEHRESTUE S B RIANERXRERFZ
PR —3, BEREPHFE MR EITERAKN
m, B, BERICEAHTEEANAGEET BREEN
FNZBHLIO R O TR, DEHT m « (b— DR, 8
KROTTHEEZREN n, MEBKWBLT . TEMFA VR
AL MERGEEY B BB EN T EEREN
o),

F 3N A D EM A AR T R R
BT, AR B L TN E B BT E R ibhk 3
BRI TEMYE BT RN A URFE LM R 4,

£3 YRR

Algorithm  Multi-subnets ~ Completeness Hub Complexity
DCl4] No support Require No support O(n2)
# #ls] No support Partly require  No support O(n)
MKR[10]  Partly support No require Support O(n2)
Skeleton .
Path(15] Support Require Support O(n7)
ke
Skeleton Support Partly require Support O(n3)
Treel14]
RS-FR(15] Support No require No support O(nd)
E S 473 Support No require Support <O(nd)

nzk 3 frgl, MKR B kU R RHHAE T Mg
B, HIaNR 1 b7 R RE XL FINT E (e 081D, Skele-
ton Path™ 1 Skeleton Tree BT IF L FRILINEH,
{HR Skeleton Path B H B 2B &, A5 L3 ; Skele-
ton Tree HYEHH 5 LW, BEHBITHER A I, /IfEH T
BREFLFPEET R FBRIPRBRIK, A 6 fin,3 BT
W B R Bk HEAT B 3, ARE—E BB R B2 B 3R TH
%H. RSERAZE B EMIHEERARENBELT R
REZFMHmh, HERMNERAQEMREE, UEAETFTAN
RSs ZRFAEH 5020, 3 B #5-5 R MM (Subnet Rule)
Ribhk s RBAGETE, AT HEEMERE.

AXBEESEES FRZICS#THRIVER, A&/ NE
Rt R REMETEMEER; Fi, M T RS-ER M
FTEREER—XV S A% D 3E17 5 245 B RN,
A SCHE BERIE AR AU B RSs {5 B RI4r 3 M4, (VB Eit
BABEENT SRS HLFENW AW EREXR, B
SRR U151 B/, 178 T HING Z R, 3
HEBE & LR M4 P& L&,

HRIB PEBIPEIX T NEEHR . HGEH TR E
ZEFTRAFEENER. ALRUNETEFRZLA
Wb RB T EERATREWREHRWMEINE, BiEL
FRZC A AF B/ NB R b K RE S ERNBEEE
BB BRR T bk 5% R R THHER, T THIVR B %
4,3 BIRE T IR BMBCR , 18 2 RA LERR 4T
B, Fat, RALEIEA THIRATBENBIUFERRER
FHAREE M4 LU K, (B2REE 7RI 56
R TR ERm.

£ X X W

1] Son M H,Joo B S,Kim B C, et al. Physical Topology Discovery
for metro Ethernet networks [J]. ETRI Journal, 2005, 27 (4) ;
355-366

(2] ZFEjhk, BEH. BT LMD HRER I ZRA LT ]
HHURE,2012,39(11):288-290

[3] Schenkel D, Slavitch M, Dawes N. Method of determining the
topology of a network of objects{ P, U. S,6928475, 2005-8-9

[4] Breitbart Y, Garofalakis M, Jai B, et al. Topology discovery in
heterogeneous IP networks; the NetInventory system{]J]. IEEE/
ACM Transactions on Networking,2004,12(3):401-414

[5] X%, kEWR. WENERHINEAEENOHR] HRENARS
£ R,2002,39(3):264-268

[6] IKEMR, KEWE, MR WEMERINEARENHAMNES
LI /DEBATHEHLREE, 2006,27(1) :13-16

[7] Bes, T3 AKX — R ERIPERERT]. =T
55 B 2%45%,2010,32(1):172-177

(8] Dl HmEK, ZEHER,%. 7MW IP MEMEAISE RS
Fe:(1]. Mab 3@, 2011,1(2) 1 18-20

{9] Xiong Y,Gu Z,Jin W. Research and Implement of an Algorithm
for Physical Topology Automatic Discovery in Switched Ether-
netf J]. Physics Procedia, 2012, 33;252-257

{10] Lowekamp B, O’ Hallaron D, Gross T. Topology discovery for
large Ethernet networks[J]. ACM SIGCOMM Computer Com-
munication Review, ACM, 2001,31(4):237-248

(T#% 195 7

o 177 -



3.2 AFRHMEECHZRER
BAEWNES HWARERRBOBLR. EXE, 43

P07 R L RCtE B AN T
5 AMKETREGHLE
it [ES A8 R A,

<R1pr~e)[al ,uZJ(Al)l{Rlpost)
(Rzm)[ns ,a4](A2)1 (Rzpost)
(Rspm Ab}[ﬂs,ue:[(Aﬁ)l{Rspos(}
(R4pre /\b’)[a7 ,a8](A4)1(R4post}D

A R1{R1pre»Rlpost}
A2 RZ(Rzpm vRZpoat)
Ay R3(R3pesR3pou)
Ag R4{Rdpre » Rdpos: }

() MG R 40 e VT RL P B AR

I [AA,]=1,7€[0,0; * a]

(2) )15 PP 48 2 UG A 44 i S 3 )

I [As DA ]=1,7€[0,max{a a5} ]

QYEHARKICRAEFERIN

I [pA;s. F(A3)J=tXXp0,.1(}) ,7€[0,1]

Kb, i R, L Fon a3 B BORE.

GRiE ACEBENBRAABETR THGURETRE
B R R R A, B, B B T ®RATE.
FESWENE.EENZE, B —FMRGSBER K AT
HER Y. R, BERETHAWNRME, B EAWGZ 6
B FFAE EFAEMELE AR 3 HARXR AHETH
HeRGRLREEE RN, RSN TS, RITSH—
2% BB ANfADHE A2 SCRORR 3R B A R PR B0 T R 4 B R
TRMEHRTIHEP.

B XMW

[1] Jeng] J,Cheng B H C. Specification Matching for Software Re-
use: A Foundation [ C] // Proceedings of the ACM SIGSOFT
Symposium on Software Reusability, Seattle, Washington, USA,
1995:97-105

[2] FHR.BEE,LWNE REHGEEARARKNRAIM] 5.8
% i, 2005

(3] WIE,Z#,THE. % BTEXNTESMAMED ZRERTE
(1], s@f524R, 2007, 28(5) . 73-79

[4] Zaremski A M, Wing J M. Specification Mathcing of Software
Components[ C] // ACM Transactions on Software Engineering
and Methodology. 1997,6:333-369

[5] Zaremski A M. Signature and Specification Mathching[ D]. Car-
negie Mellon University, 1996

[6] Arbab F. Coordination for Component Composition [J]. Elec
tronic Notes in Theoretical Computer Science, 2006 ,160:15-40

[7] He] F,Li X S,Liu Z M. Component-Based Software Engineer-

ing[ C] // Proceedings of ICTAC’ 2005. 2005:70-95

[8] He]JF,LiXS,LiuZM. A Theory of Reactive Components[ J].
Electronic Notes in Theoretical Computer Science, 2006, 160;
173-195

[9] Ke W,Li X S,LiuZ M,et al. rCOS; A Formal Model-driven En-
gineering Method for Component-based Software[]]. Frontiers
of Computer Science,2012,6(1):17-39

(10] Abdellatif T,Bensalem S,Combaz J, et al. Rigarous design of ro-
bot software; A formal component-based approach{ ]J7]. Robotics
and Autonomous Systems,2012,60(12):1563-1578

[11] Farhad A, Peter C O. Formal Aspects of Component Software:
8th International Symposium, FACS 2011, Oslo, Norway, Sep-
tember 14-16, 2011, Revised Selected Papers[ M. Berlin, Hei~
delberg; Springer, 2012

{12] Chen Z B,Liu Z M,Ravn A P,et al. Refinement and verification
in component-based model-driven design[J]. Science of Compu-
ter Programming, 2009,74(4):168-196

(13] Zhan N J, Kang E Y, Liu Z M. Component Publications and
Compositions[ ] ]. Lecture Notes in Computer Science, 2010,
5713:238-257 ’

[14] Lei B, Liu Z M, Morisset C, et al. State Based Robustness Tes-
ting for Components[ J]. Electronic Notes in Theoretical Com-
puter Science,2010,260(1):173-188

[15] Bk, THE, b 5. B P REVEEH TR ]
B2, 2010, 21(5):930-941

[16] B¥#. ETEXHRHBERBEAMED]. H&. +EE
WA, 2012

(171 Afk. EFHAUEHEGH4LRD]. B8 . s8KX%¥,2012

[18] Cheng B H C, Jeng J J. Reusing Analogous Components[]J].
IEEE Transactions on Knowledge and Data Engineering,1997,9
(2).:341-349

[19] Ox,. IR ETHAREMNHARRI] MEBERTENLE
%t,2002,23(10):1153-1157

[20] Z=3CH, TEE R BAE. ETAEMELUE WA EREERR
0] HEHLT R 5B, 2010,32(8): 154-160

[21] 2FHE. ETESTHWRATEEERELRINALD] BE.
R A, 2011

[22] Hoare C A R. Let’s Make Models( Abstract)[C] // Proc, CON-
CUR'90, Lecture Notes in Computer Science. 1990,458;32

[23] Hailperin T. Probability Logic[J]. Notre Dame Journal of For-
mal Logic,1984,25(3):198-212

[24] TE®R, T4 BREBTE[T]. FEEM, 2001,44(1): 159
168

(L% 177 5O

[11] #hiEd, AR, RE%. XRAUKXNYBRIEHNH H A
BT HEBIFE S R R, 2007,44(2): 208-215

[12] Pandey S,Choi M J,Won Y J, et al. SNMP - based enterprise
IP network topology discovery[J]. International Journal of Net-
work Management,2011,21(3):169-184

[13] Bejerano Y, Breitbart Y,Garofalakis M, et al, Physical topology
discovery for large multisubnet networks [CJ / INFOCOM
2003. Twenty-Second Annual Joint Conference of the IEEE
Computer and Communications. IEEE Societies. IEEE, 2003,1:
342-352

[14] Bejerano Y. Taking the skeletons out of the closets: A simple
and efficient topology discovery scheme for large Ethernet LANs
[J]. IEEE/ACM Transactions on Networking, 2009, 17 (5).
1385-1398

[15] Gobjuka H,Breitbart Y J. Ethernet topology discovery for net-
works with incomplete information[J]. IEEE/ACM Transac-
tions on Networking,2010,18(4):1220-1233

(16] BEeE, HERK. BRNRAZTRYEHIP AR AR ELT]
HIEYLI FE-S 844, 2013, 38(5) : 206-208

(17] HE#K DT, SR, BHE TFRYER IR AR OBIR
AICGELT ] RS Tl K2R B RPN, 2013,32(2):
125-128

« 195 -



