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Community Structure Detecting
of Multiple Granularity and Visualization
Based on Internet Network Topology
Abstract

The community studies of complex network characteristics of the Internet topology so
far is relatively lacked, and not starts from the Internet's unique structural features.
Community structure of the system is closely related to the functions. a deep understanding of
the characteristics of the Internet community structure can  feature (submarine cable .
network . BGP external route), the clustering feature of the the course of the study of the
Internet community compares to the traditional complex network of community detecting
algorithms, use the dividing and getting together methods and design the level folding
contraction method. the chain-detection method. node clustering feature of the method. the
central node method. These methods can be used to roughly find the Internet smaller
functional organizational structure, for example, the level folding contraction method can
detect the edge of the tree structure feature organization of the Internet network, chain
detection method can detect the structural method organization of the Internet submarine
cable, network, chain characteristics organization like external route of BGP, method can
detect organization with the some areas , the Center node algorithm can detect the feature
organization of the Internet center node. Through these detection method, most of the network
nodes will be classified to the appropriate organizational structure, but some small part of the
nodes may be not in above several features organization. The above targeted detection method
unable to be classified to the appropriate organizational structure, so they are classified as a
separate organizational structure (to facilitate in the follow-up treatment). After processing on
the front steps, a whole organizational structure of the entire network topology is revealed, the
next step is to merge these different sizes of the network organizational structure to become
one community with and low coupling characteristics, which is together. But to make the
merged network community modularity to achieve optimal is an NP- process of community
module for many smaller organizational structure of the network community, small
communities merge method designed by this article uses a greedy algorithm to find the local
optima of modularity, and eventually a network topology with the characteristics of the
typical community structure division surfaced. In this paper, the community detect algorithm
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is made up of a group of multi-granularity community detect method, known as 105
algorithm. This algorithm in the IPV6 network community is superior to fast unfolding of
communities in large networks (referred FUOCILN) algorithm, which is known as beyond
many traditional societies detecting algorithm. Nowadays, this algorithm is further optimized
and promising.

For visualization of the Internet community, some of the traditional visualization
algorithms only can do the whole level visualization of network topology, visualization
feature of the community structure is not clear. For this problem, this article builds a new
graph layout on the foundation of the traditional graph layout; this layout is divided into two
big steps: the layout of the entire network community, the layout of the internal nodes in each
community. The first step consists of two levels: firstly, according to the physical analogy,
it simulates the physical system environment, and automatically layouts community node;
secondly, after the first step, it use dynamic interactive layout mode. If the first step
manually adjust the location of the Associations node. The complexity of large-scale data and
the problem of outstanding association characteristic must sacrifice the canvas resources of
the internal layout. For this, the visualization algorithm uses the ray layout algorithm to
display the topology of the internal nodes of a particular community and open a new canvas
resource, In view of the characteristics of the visualization algorithms, it is called visual
Community. Visual Community can reasonably and clearly visualize the characteristics of the

Internet community structure.

Keywords: the Internet topology structure;community detecting ;multi-granularity

community;visual Community;
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1.1 REMARINEREENX
1.1.1 EEEMAY+E A IR

AR BEEGERS (0. M. TR, BaiNgE ) Rk RE,

PR 268 $ F B0 BB PR K, DAEROANATIAS B dd A% S i AR A 7 R4S B ANIE (R 1K 2

HeM2s . NATEE AN Fhe R R Web IEERIIFTT R IILIX L [0 26 # H
AHLILRRE A, AFE: BT RIS TS ERMARERE SR, W
WA TR BERE RN, BRI A SR ESE . P RS CF RSN O
(loglog N) ) [/NEFRFER, AL B CohrBEvE. /NS (R 283 7 8 = 4%
WR2% . HIKIEA BRI S R N 28 51, AU E 2R BT 7T B2 AR R I 26 R g Jk
fiilt o

EPL S, FERBEEMRGR, RS E R RAEESFINGE R —
AR R s T A (VS 4 UL SR AT B PN E SEBR AR Hh HR A TE B OC R T
Ve Ve €Y in € (O S F . 2 BT TR AT IR 18 12D, BRIk
FIAEXT “Konigsberg - inl @7 BB FUmT 32 1 — N s >c——KEig, B ER KN
IR Py — BLR e S E e . B4 60 448, Erdés Al Rényi 257 7 BEAHL B 6
Bl(Random Graph Theory), 8 7 24 M BB IR RFEVEM 7. H b US RRAC I 7] P B
HLEEE — B B MG S5 i S AR, AL B BB sk, EARIR
U REIRIR 2 SEBR 2%, BRI R 43 SE BRI 48 H A 2 5e 2 BEMLIY « 1 Internet _E 17
ANl i A B AR EEE, Internet IS AS B2 (A2 5 BIEBLR, WIMES
ZEREEHEE, XEEA ML RIE.

M 20 LR FFUG, HRMGERIP A CERRER T NS B 22k 2 2
Birpr, Horb Watts M1 Strogatz 7£ Nature & F AR SCRR[S1IR T 1 E 28 2% R AELE “ /N
A7 WS, Barabasi fl Albert 7 Science 7 & KK I SCHR[614R I T LM H “ T8
FREE” LR, Xk BRI N2 B 22 ST S0 2 e bR & H R T 52 24 4% 1A
FEEAIENELER I BRI AL, AR AT Ml (R k. s IRE s
U FERFH A 25 0 28 ER 1 o) S s X 4% 4 A S5 M R AT PN, ke e L 72 W4
R LSRR B E EAG B A, PR . BB R NS BEXT 4
P P BE S B R R T 08, AATTR IRALHE Internet 7£ N (VT 2 28—
LRI, BPAL BB E TN BRI . ol B Ui 48 A T “BE(group)” 5%,
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“HEPt(module) “, FERE PN ECT RURIESARE RKE, AR A SRR A
BB . WE 1.1 Proa— A BAA WAL H SR R4, RELR IR oA 5 R 870
& T M =41 R.

K11 A AR R e

Fig.1.1 the illustration of community structure
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(F 7t 32 BEAE HRAEAL IR 20 B0+ LI SE A 78 B T A B A (B 491 a0 SR [17]
Pt T M TS B PR HE R AL R > R, R T AT R A TR 08101
FEARFAE ] EE RO AR F R 3 ik SCERI2 1)K A [ Rl 4 8002 S Je 3 1 L g . S
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HIRPIRISE AR S, i RO Bl 2k 8O R AR R R W 2%, BRARIE SRR
WA, BN E BE S EMEIL . KRR R L T B R R i 5
R AT AT AL . BT R AR B NN EASRER e S
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ZiKEy, 5 T AT A B2 IR RE R N 4 N A IE RIS S . AEuE BT — 4
HEI, BaRM% A WAL K OF 58 N Bt 90 E A A W JF 4R, £ Graph
Drawing,InfoVis(IEEESymposium on Information Visualization),IV(International
Conference on Information Visualization) %5 B L [E] R 23 13 H # Al — /N R Bk 52 S TE 11
PO, SHE TR EEE S EEML . H AT NS IN nf AL PR AT H S R 2. DA
K % Internet W N F OE OB K X R K CAIDA , #E T
Walrus,Otter,Skitter,Plankton,MantaRay %% ; SCAN.ISLUSCR4F|H 7] #i1k . H IGN2PCI
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IS T 52 2% X 28 A [ 65 4 O BIE 7 [ B b 2 AN BRGA, AT % DA LB X 9 41
FRAE DY FEAM B AL B S5 M BT FTIEARNS AN R, ARGt U I BV I AN REAR 17 1) S Pl T 3EG R
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AR AVEARIENE TSR OR T2 FEHARRE ), 17 O 5 fURe Ik D0 35 B X 248 v 4 — 1
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£ 2 F HEAMMRZETERIR AL IE

HIEM & — A Z TS, Internet W1 THENIAEYEE S 10 A TP BB O
AU —Fhda b, MAE N A Z 1 EIE AT DA R RS AN, EindE P2P R A
peer2$291Z [al Ky IR 4h . H AT T4 2 1 Internet $h 40 =Ff: 1P Z3h B0, %
H A PN B VR IR IR 4

X 2. 1IP K##: traceroute WL ER BN HIL K BRE R IP HbE A BRI, B
I Ja— Bk Ah, e RN AN B AR k. BB TP ZUR AR A B PR A A
PRIy TP e df4hBUE], Horp—A5 AR —A> TP Hudik

X 2. 2B AR HD: T EEIN A R 2% e 9 5L T HLDOC R M B — PR . Bl
AT RAR AR — AN A, T RS I i A 2 AR AR R . T H
TSL By B LR B LR T I &, 4 AT Internet 8% FH #5290 402088 10 3R 1508 55 24 T
traceroute Z5[1) T H .

SEX 2.3 BIGEEIT: £R Internet &ML IR AP EEOC R, XH
HI— AN SR Internet T — AN H 63k (Autonomous System ), 177 B A A3 AR 2R
A ERIE A SR BGPBR2 3L AP RS TR R, A BRI A — 5%,
FHAIZHN AN SR AS Gt
A ST FEAE BB /2 TP k4.

2.1 BEXMIMEEHERIRE

H FI BT 0 T 156 28 I 4 A 22 FhoR U, A SO I /2 CAIDA  (The Cooperative
Association for Internet Data Analysis, —/MXf 4Bk Internet 2574 S B AT 0 5T 1
PR fEALRD SRALIRIZEAE . CAIDA =2 B M #1173 A i 7 el b — AN A AR
FHEZUE T R IERHT I H o CAIDA HIFRIIAAA 2 Ark (Archipelago) 2844, 1X&—Fo)
A& 77 3, 8 7o 2H 7 1A SEI AN RN SRR IEAE , T SRR A A )
(UER U= = =l E S R =R 55 et | vt <) N Y @) PANE A B 0L it =Y N = 1 14
o, TR ORI BRI, AR AT . RACR SRR A SR AU ST CAIDA
o [ 55 —75 fi(Neu Node, she-cn), FCNIZARAEFEMXFIE NME/EE. B 2.1 N Ark
PRI R AE BRI 34T
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2.1 Ark PRI s AE BRI 73 A1
Fig.2.1 The distribution of Ark monitors in the world

Ark T H 24 F1iEsh 7 A at 54 4, HAEg 5 4, Wl 5 ANl S ik 2.1 fios.
2.1 Ark A7 A W A5
Table2.1 Ark monitors in Asia

. . . Organization
Name City Country Continent Organization . .
classification
cjj-kr Daejeon KR Asia KREONet1 research network
mnl-ph Quezon City PH Asia ASTI research
nrt-jp Tokyo JP Asia APAN research network
. Northeastern .
she-cn Shenyang CN Asia L university
University
tpe-tw Hsinchu ™ Asia TWAREN research network

CAIDA [N i i o A AE T LRI, MASIR] B RE A 368 FLIER R0 0 25 R i3 AT 4
T RIS b RGBT Z AR, Wt H AT S SR H h R e, it
4t CAIDA &Y A1 58 4 H B EEHIBLS @A, mT DAAS 8] Wt Ry 2200 o A 252
i, FL A R T, ARt REAS B R . VB Ark TH AR, Neu
WRAE S RELIRM I NE, e ISR 3103, 3/ CAIDA AT 2Bk AR
2 M EIR S TR BEIIE RN L SR S R 8

DN T AT R B R0 A LI 4 A A, AR SCRERR R 2011 £E 9 H 29 5 CAIDA 4
BR P ot 5 RN 2 (0 5 I 0 Kt
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2.2 [RIGMEZEIETIATE
2.2.1 BIESAIALTE

1. CAIDA JFas%# % =
CAIDA #0545 43¢ i Bl i AN ELIRAE PTARAL T B B BA oy, 75 B ks 5
CAIDA FJH traceroute Jii 46 (5% X1 -
traceroute from 203.181.248.51 to 83.148.147.42
1 203.181.248.60 0.257 ms
2 203.181.249.97 0.383 ms
3 203.181.102.129 0.393 ms
4 118.155.197.129 0.627 ms
traceroute from 203.181.248.51 to 46.182.233.99
1 203.181.248.60 0.254 ms
2 203.181.249.97 0.356 ms
3 *
4 *
5 217.141.106.153 292.489 ms
6 46.182.232.30 289.670 ms

2. traceroute [ L1F 5 FH
W ELIE# I AEAT CAIDA JREAEHERE 3, 2N R ZIHEf# traceroute 1 TAEJFEHE . traceroute 2
FERIBEH A ICMP B2 1P ) 28 B G(V, E) T E N S o Aath o, nl 2047 pR A
P(k)

p&b@ﬁ&p<m%%%%~4%m%ﬁm§%ﬁ%kmmz,pw)V“”,E$
PCR) e 1 i o E, ¥ (G) s s
2.4 KB

BT T IS PR B T A R Bl I S 0 0 LA B 7
BB AR T F S0 R — B S A R A (A (R L, Rk it
7 T R AMEAE 0 2 B R 4.
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£ 35 BEMHAINERFIED TS SREFLHE]
ZIME Rt

A B B BRI R AT IR A SR MR E R IT 0 A, IRt RIS CRAR
105 535D AT LA RN I S AR (R Fh 4S5, 2 e YA 1 AR SR A B A IS
N T I FIRREETE, AT LM T RIE: BJRIR 1A R .

3.1 BEREkMFATNERSFIES

HIRMAE Y —Fh g R A 2%, B A3 AR A E AT B I 28 (RRFAE . AR SORE
IR I BEAR 70 Bt BRI (30 ANRFIEZ5 4 o X T BLR R SR ANRFEEAT 20 A, 20 5
B FRT AL, AE AT B 2R AL I8 W SR Gt E S D7 SR A I LR I ) A
ALK o AE F PTG T B A i, S AR T30 0 PR 19X 2 WM 3L A8 — A 556 B ELIBR 19X 45 44 £
R

B, HERMEGEMROZE IR, AV E 2 RR AL : Hk, fEXLL)s
M2 18], NOZATANER G A G R B KRG 2 18] A% AT D — SR IR 2R
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Fig .3.1 local structure of real Internet
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Fig.3.2 Cluster feature of

}

Integer %5 #4size = KT REES size() ;

Integer k=0 ;
while( k /NT %5 #size )

{

parentNode = 1 RAEE RBUCR(K) ;

childNode = M i & K PUTR(K) ;

k++;

parentNode. 3R B4R & 15 13 825 ().remove(childNode) ;

if ( parentNode.JZ X 2|17 sl B 5 0 5 HEAE (fold_level))
parentNode. )z IR 2|77 m B SR B E
(fold_level).add(childNode) ;

else

{
By T EESRL =new FE();
775 S #E A 1.add(childNode) ;
parentNode. JZ IR E| 17 s B AN I8 X (fold_level
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JEF L)

h
fold level = fold level+1 ;

End program
4. HPIEIE
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I R B — — IRAF 2 5 ZAHRE R ST sl B &5 o, B BT A N B 5 A5 B e &
FRORAFAE T AR A B FIAZEOR T AR Y i, R BRBRRAY i, il T LA SR AR
TR NI BT A0 R BURGR 7 N R IERRAS DL, B Az S 3.7 Sk
TREEARTT SR ? A ES, RN A — childrenSum J& 1%, 7EK 3.7 1) 1 &M
i, RAAJENE childrenSum HIME KT 0 BYIBLEY i A AR /le BT AR /5 [ 1&
3.7 0 1AM AR AN, FREBIZAEAIRAT AL, FARIE AR R (0 208 45 4 PR A7 B 5 9 9 a3
7 RS — 2 Wi A A R AT B A B SR AN A, BRI R SR A RiE, AL
EAg R RIRCIRGE I, R 3.8 1, WTUIBIERER], FET— MR AR
AHIRZECN 0 T B2 — R, XU AR R R SRE 2 2

37 BURE AL 4 R
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~ Fig. 3.7 The globle graph after level folding
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Fig.3.8 The local result graph of level folding algorithm
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AT SR REIR A, WAL T HE B A, BRI B R A R — AR IR A
A RAEAC AN EAZEON 0 W71 U8 SR BB WM b e, XL 55 B G I BEIR S
PR TR — D ELHBEIREE M . T IR RS — N0 e e 45 g 1 B AR B B8t
2. HEBat

1) #I4H4 community =0 ;

2) RGP 4T 1 M PR RN o SR 50 BRI Rk B2 7 P

3) WERT A NZBOI A, BEEAKRT 2, REE2E , BUHITT 5.

4) MY T N AR JE 1 A4S N[i], community++. 38 )77 5¢ SRR [F1 25 2 25 .

5) 2 N HIRE & AL N EAEASE T 2 B AR & 19 2 A E AR 7 mi i, R (0] 26 4
5 A0 N[ilmunityNum = community . 47 F—».
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7) BIEHR.
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community=0 ;
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AR PR S JTTIN AR 218 e T RN ]
Community+-+

fI

fil

O RN 14 LB & 77 AN Y PE AR A &5
2 5% 55 B LB JE 1 AR R N T B

&=y

v

N[i].communityNum = community

v

2ok 2392 30 JJT N[ B9 L8 )& =
NEI[1] N AZANLEI0D - 8 )T
J730 N N = N[i][i]

Frydeti o]
K 3.9 FRRN SRR K
Fig. 3.9 The flow chart of Chain detecting
4. BEEAIE
FEIE 3.10 BT AL 1 A W28 4R dhrb, IRBIE R AT IR 2], IRLEEAEN 2 B9 b
P — 300, UGB AS SCHBER PRI B35 i Tl BN 21 1 9 4% vh B BEIR S5 K 4 47

-14-



FAb K M543 Error! Reference source not found.

-
o

'Y
.,
[ ]

»
E 4

__%E
L...! | iy

- ‘.J
e n
P i

K 3.10 SRR FIEBCR I
Fig. 3.10 The result graph of Chain detecting
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Fig.3.11 K-Core analysis
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4) RMEEPALEAET AN TET Ccoretl) [IHNL, M core++
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Fig.3.12 verification graph of K-Core analysis
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1) HIiE4E 1 A/ — A A5 Novisited= false , 4 /58 & community = 0 ;

2) w1 AREEMNEHI RN AN, EHEER, BREE T 2. R
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4) FIF)T LS D SRR, KOG DT N RIAR R A NTi], 15 N[i].core==N.core,
] N[iJmunity=community, ajacentNodeVector.add(N[i]).

5) KK ajacentNodeVector & —M It 3 E[i], X TR —1Jo&K E[i], WE
E[i].visited=true, KX B[i] @8 — A28 &5 28 J[i], @R J[i].core==N.core,
I} J[i]munity=community, nextAjacentNodeVector.add(J[i])-

6) U nextAjacentNodeVector.size()==0, RI[EIZE 3, AN, R[EIZE 55,

3. MHESGHEERER.
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Fig.3.19 The flow chart of merging small community
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Fig.3.20 The final graph of community detecting
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Fig.3.21 the abstract graph of community node
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Fig.3.22 visual comparison of two algorithm detecting
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