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Abstract: As the basis of network monitoring, network management, and network security situation awareness,
network topology visualization plays an underlying role in reflecting the whole state of the network and discovering
the potential rules in the network topology. The basic content of network topology visualization was introduced and
the main challenges in the research of network topology visualization were summarized from two aspects: the inter-
nal characteristics of network data and the point of the applied demand angle of the users. A top-down VPI model for
network topology visualization and analysis drawing from the experience of domain experts by analyzing and un-
derstanding the nodes and connection status of network topology, having an insight into the potential laws of topo-
logical information like performance bottleneck, network security, time-varying characteristics and so on. This mod-
el includes vision, procedure, and interaction. According to the VPI model, visualization methods based on percep-
tion enhance were summarized from three aspects: enhancement of visual perception, enhancement of time-varied
procedure and enhancement of exploratory interaction. Finally, future development trend of those topics were dis-
cussed combined with application demand.

Key words: enhancement of visual perception, enhancement of time-varied procedure, enhancement of exploratory

interaction, VPI model

WimEEA: 2018-01-03; 2= HHA: 2018-02-04

BEMEE: RWER, wyd028@163.com

EEWB: B “TERHE A7 TS RBIINE (No.2016QY04W0801 ) P4 )11 48 R4 J77 Ak 4 %t B 1t H
(No.2017TJPT0200, No.2017KZ0023, No.2017GZ0186)

Foundation Items: The National Key Research and Development Program of China (No.2016QY04W0801), Project of Science

and Technology Department of Sichuan Province (No.2017TJPT0200, No.2017KZ0023, No.2017GZ0186)

2018014-1



<2 W28 L5 S 22 A2

o0 445

WX 28 41 e BT S s A BLAC R 288 7 LAY 77 22
A, ARSI AR T LU T R 2R R e
ATIRES . FUWT LR ZE . s L SHER. I
2 Sy ae ) PR E VA SN TTE S Do i
AP IR AT AR BEAT S A7 288 1) M I AN 42 o
AL Pl I A L SR AR S R A B L
XK RS % 4 S 04T 70 3 BRI o) 2 5 4
A Rl o & R R I A5 B AL A S
B P EIEAZ B, AL T B
AT W2 PR T ALK I 208 T R 1 B
K LR SR R PR BT 20, ke
T HHT DO S BRI 832 PARDL, B AT DX R 2% 1
R BEESSER T T A, . SN AT, AR
INEURI T fif ) 26 g 35 L AR 16,

AR, VHHPLRZE R ISR, 2% S5 1
FTE At B RERARE TR L
I AR PS5 AL A 25 W 2% S5 A0 X AT i ok T K
MBklg . BRI, PRIE. IR S AR 2%
WAME R, A R 4 S, DU 5 5
K 1) 255 35 K v 1)1 e REE SRR 1007 AT R L ke
P ERAR 0 Hr H RS 2% (R SRR DR A BLA Y
FET LIRS TR AE R 9 28 4R T ALAL (i
FUTE RUFIAE R 2

W28 30 4 FTRRAL B R DOk 2 42 1
&, CLBT T RFMR, £ e Lk
T REM S E A o B M G . H
Bt X 2 s RIS 1 L 0 0 5 52 e P o
AN T BB R R JRIRE R
A USSR, ToVR A R BRI 28 20 B N B3 1
Gt o BT IR )45 5 U K, S H T
¥ 2 ¥ b 5 4 W AR I 90 2 AR A Pk
Fo 1) RIZEHT UL EH KR, B2 AL
A1 Jy 75 sNRE S AT RO 5 W S B AR D S o A
JRYSE 25 B AR R AT Aff i AN S A AT PR
7 8] LA BT (R 48 A AL I LA
L RUFHR MR A BENS A RO o 2 HY
KFR AN AR A RS, RENE I
AR B L2 TR A S, e SN SEM R Ty
b JEE 7 T AL BRI P 28 SR D S5 AL o 2) BRI 2% IS

AR A IS A T R R R RE L 1 2% AR AT
W 2% R AR S DL, SROERRUE XA Jai Jy 3R ek
e KV L PR A1 ) S8 B 36 o FR) DA 60 7 6L M B e e
J&Z o WL I AR R IR P 4 R RS S K H
PEBEIN [A]ANKTAR AL, 194 265 75 52 0] PR TE AR AR A
Wi BV K, 2 H 4 SRR Y RO B %
I RE P AN A A AR A o 2 AT JR 7 S RE G IR
TEAE W 284 41 454 K B AR AL R R v P fR R
TR RARA, DRFFH NI R i 2k
P, BTSN AR 2% 0 40 A K BRAR IO MERL  3) AE
W2 gk o AT A, RS SR AT AL R AL
LSS, SIEILAHEI ) 26% 15 J2= 7 LA R IR JZ= K
JRIFRAIT R E TR . AT HTROR, H
ST AEEE I3 B A R I TDAE 2 0 4 94 b S5 4
I SIS RE, B ZIRAN TR GRS MR DR
S BB E E SAE RN SN e R P O, XL
WL W 2871 5 22 e ML 22 T 1 22 5 O 20 M i DX
WERPIRZA LR 2 SR AR e TR DRI

2 MERIME AT VP SRS

AIHNGAT B2 I 50 A BRAR I 25 1
Gk T RUORGERERRDL, TR SR 24 4ME b
PEREIEN . P22 4 I AR P S v AE A 1 o
&, H—ANATR R VP sy, 4
FEALBEHAL (vision) IEFZIEA (procedure) FIAZ
025 (interaction) . %A T4 IARE : $2I
W28 A0 D SR R I REAT LA R ARE, T P R 2 i 45
TRIEAT IS 53 M1 58 AR B BT, o6 T I AR B T
Tk A AR FU 5 A T X T I 2% 2 g e AR v A sk
T2, AT B P L Ul A T 9 2 KA N
BUPEPEATRAR AR E 1A WA A AT B 5t
PeA il B, I B H A sl 18 B 150 6 50 3%
FRONE RIS S 0% 1) 248 B0 s 1045 SR T R 1)
INHH. VPT AR DL 288 E54l S v R 2 BT e,
Rl TS R A K A I M S S A
LR DL A B . 1) PR3k 2| R, EidnT
M R EREARM KM Ra, T
Foucs+Context Hi&SEHLEACAS B 477 1l g7 H
SR IR UK R HIsTAH . 2) H
RN NES, TR 245 Hgn H - BB AL b
SN, AR BIAS HARAE 5 Sk IR A 2% TR 45 1Y %

2018014-2



%28

TR PRI AN AR AT A T TS R R °3-

RAMRIZ RG89 4% 4R 28 1) ST A4
M. 3) tAERERIMRRR, TR 2 b AT
MACSEBL, P BT AN ) 5 ™ A ey e, T
BT AN AN AP B S REAEARAL, e 28 PIL
Sii a7 =R i AN et A R SN 4 g
LTSRN . AU LEE M 254 $h nT WAL 4
BAHSCH) AAR R, K2 WT9T LR T 7E M 2540
FhAT AL BRI GAA T . LA VPT B R
S0 K FUAUT 2 A AT RS T 1) 3 B SRt
RT3 AL DE NG 0tk L AR R o DL R IR R 5
ACHIESR 3 N1 . B 1 T VPT BB 4%
A AT X RET M IR 7RG, A S IR IR
s ARG 1T LAE R AR R P 2 0 Fh 4
H R AR

3 PRETREENIESE S 4L FhNAT AR AL

PR TR 1 9 S ) 28 4 b TR 5 T
T E A I, B RIEAR . B
WIS, DRSS RISy, A 2kfkik
W 2 Ec A P L, AT D P S g4t s A A
BT o SR KA O o) LB 50T ) LA RS AT
JJT AL, 28T S I H KIS
REMS AT R BT AN Gk s RPWTIUE 0 (R S5 Ry
AEHEATPRCE B, LR SEBL iy 52 X 4k
o T AR AR SO, gD TR R TR
R SR i 22 o
3.1 HmREARML

ARSI 288 0 A A JR S T A R 1) ) s
AT RS R A1 53 G BRSNS A A s T F) T L AT PRI FE £ 25
AR AL E . — A RO 3 P R 5

P
J:(> P R385

V2 RE % A7 R0 JBE S 4 b 5 A T R T T
G KRNI SRV 30 2 TRV AE ST, 5
FEMLFE A S B T BN DRI 2545 L, F
IR M R AT Aoy 9 WA SR T
A A Je 7 BRI 32 A
RER KT R (0 B A S ] P A AT A 5 X
IS (R AT SR AR AR, AEAE S F1 I P R i T 3t 5 LT
S PRI AR SR DAY R T RO AT A R
2o IR AT ) ERR R 9 2% A A5 2 A B AT
R DLBE T BC 1Y S RO ATT Joy 23 TR A S S, AN
(TS RNk 7/BEEX VA W R 1 R R TR S s
FHEL R A AN A 258 31 41 B 1) N AR

W H MR SR N . 1) BEAT R
2. MRS HAER R EAER SR, B
LIS IEAT R S AT R R & v TR, (R
I B AT SR IR S R T W, SRR, R
TR S T o 2) 5 B B SR S A
SV R AR s T 2o SR 2R AT s 1 e KA A
FE TR IR A A, e AR LRAs &), FEAR
KRS E 3G 1 W 48 710 AL HEA i 75— 1 1)
B, 3) RIS ST ek 1 oA S TR
PR AR AT 70 SR AR B, 7E LRI 4%
HEARIR RTINS, RENS TRAN e JR B DX B IKE R R &R
4) PR RUAG SR Sk o R S I3 RS TR IR A%
W, BHEAT XL B HE M 287 AT ], X
FofiAi Jey 78 0 H~P- 280 1 R SRR 2 ), B AE |
Fh2f 774 RO A R 2% 4 i T AR R 1
5) 1A R SR hy A B T AR
T R EE B, A B AT B ) TR
FAA LRGN M EE, AR RGER] A

>

) \
el (PP

> 4 MR T AL A R

E%’G‘Ei
\ AN

> AR

M| ———
2@ => |y Vision | 3K
WIS % R
O il
Ve N\
=) Q = ﬁ HT |Procedure | it FEes
B ml|EL_ | )
DS
%ﬁ<%4:>ﬁ 5
= % Interaction| R H.% &5
ZHHA K\/7 S B

- T " )

— » JREtAL

SSNEPS Sl % il TSI S e ML
. JI& S J

’

| S

Pl 1 ET VPRI 1 1od 2 b b AL 73 S

2018014-3



<4 W28 L5 S 22 A2

o0 445

TR AT SR 4 41 P (KA1 Jey 2271
XTI AR D SRR
MM ER R AT R i 2 i e Wi, B
RS 6) AR REET. RS MA
MR JUAR, o A B 1 K 2R ) 5% e o 5 11
PN B 2R 00 TR T AN BN DA SR A
AR SR 8 DX I P e e R 6 38 AT JR 58T /N X
SHEATHE P AT Jo 0 1221 ) SRS A B PR Jm 0
RENS S A M PRI H A A0 B R 26 A B FL AT ) R 2% 4
MR, AERAR KRB T 1) R MR M E
A SRR AW AR T o (I WL IRIZ I LS4 M 1 SR 5
TATIRAT PR 22 P TR AL AR IR Ja] 18 7 A
1T BURIA Jrd R Joy 20 3R [

AN IAR MR SA TR AL 3 AT
1) A7RGE et 4 P AT R E R 2) b S
B A A SO AT e b 3) 48 3 Hh i AL A
SRR, W DA/ U 30T S e s

(b)

A A JE™, Chaturvedi 251 H T Fh
%4 GIB (group-in-a-box) 14 & /720, WK 2(a)
Prs CWRAER T 1), %A1 )8 77 XA 2] —
AN R RE T HE , RS 260 25 1971 s 5 o K/ o
X SCRR AR b % () AN SR8 . RS,
R F I BB MRS e A AT 1A Js £E Al
R IIHE P TBCE AN . A AT Ry & BT T X 2% 1
RABIFSEIT . GIB A Jay il e~ 4 it S, A
HiLZH A 10 2 SR RN 03 JE 1k, XA A 2R e
XF T AL T R Sl 22 1T R P O
R R AT s XTI RS S &
WA M. Yoghourdjian 5 T Ff 4y
I 5% 1) v T R R s A AT R i, R LNS
Ja RAFERB AW I %, R)aiE

P R TIAACEGEE, IR PR 2
R3PS 28 A1 Je) G AR REA T PERE VR AL, 12K
Mo fift AT =y LR R ) .. W

ARt — il

(c)

(a) GIB i Ja1 5 X

(b) T Voronoi M &I 1A R 7 X

Bl 2 Bt i AN 0 I 28 b T AL,

2018014-4



%28

TR PRI AN AR AT A T TS R R +5-

FUMHET Voronoi B4 I ZRE KA R T7 e 7%
ST ERAI JEYE . BRI OCHR S 5 B, R
PEBEOR I N SRR E . AN L4l & DA%
oy Aot ER AR o, S (R IR A e
XPREAARREAT IS . XA Ja 77 2 fe S0 4 e 7 7
FUBFAARTA] (1) SCIBCN 3 Ar FL 2 IR ik, Tn ] 2(b) P
QN Z TP
32 EUOHIIRELSIEE

e NIRRT S B, s
R T Re8 8 50 21 1) D A R A5 Sk B A [
T FE o AR S IR BE, 6 G [a) IR 1 2
FHEUH AR F A 22 S R RN R R, T
ORI 19 26 1 i AR 32 (1) 22 il By 3 385010 A0 i VR 6L
B3 ) B A T DL o AT A S I KA
W 265 25 0 N L I 5 20 e, SRR o 2 TR) 2R B
WA, R e M P R AL IS, 2R
D RN M 5 SIS W 2 A 4 AT R DT R — AN D
WM. HATaEe R 8 2 Fe — AR
AP JEEE B R CEAEILA S EE) 1
HIHe TR AT AR E s RS BT AL
15 B G ], X HIARE BT 2 AT AL o

B e IR AR O AR AR DR RS D (R
ANJRATIFNTT USROS, B B E AT
AT PTG SR, NS ) 2- B R R . Cui
At V2IPL e PR T JLART (K300 58 75— R Sl
fift R T AT I 5 ) e A SR AR 7 ]
A SR B A, TR R P a2 23
Ir], A T AR AL A BEA T B I SIS R 58 1 1
#%, Peng Z5IPHEHY SideKnot 485 54032, S51E40)7
AR B AT B IFANE], SR T ARSIy i
A2 FEUE 1) EA TG0 0 TR SRS, RT3 759 AU P
FILFHE AT RIS, PR AR 2 1
P75 R R = e — R AN, e LA B FES
77 AT AR, W& 3(a) s O T
2). Hurter 2R BT 4008 BEAS VT3R8 5 1
A, Sl AR BEAL TR 45 08 IR B AL
B REV Oz R I RR FE AT I S I )
SOEMZE R, SN ST (R L 1 €
kB, g5 E R BB B B R AR K S s i
SEMIRLE R . EIEIEAE |, Peysakhovich 2%
St T M E MR IR A G e R, W 3(b) R

WRARIL 2D, XEIREN 2N @A T HeA
MG R S &, 43 ) ok 5320 2 1K 7 1) IS ) 38K
X2 A, SRR TR 2 AN R A,
FEIX 2 DN ACSE B EHE R, &2t
2 BN G R S A g o 8 TR S L2
JE RIS PTG PR T BT A RE L,
REAE AR — Bl 2 N EUE M L S e 1t s X8 I
AL, I3 HF GPU s LA BB H e 4 -
Bach 254t —Ff CD (confluent drawing) 2145
SEHAR, SRS RO A, KR A T A
TR VR R e o i R R iE . 5
FEGE I 2 AR E BEARM L, IR R T
Refg 12 MR PR A a5 M AT A g0 e, e 4 R T
I E R IERSC R . e fites H - R asE A
A R NE VIR RNy, ik 1 PR 0 S e R R S B
Klrh 2 BOEROCR G R, A R0 e B 2
PRI ELFERE « Bouts 251 R o A1 SR
R f SR S R e o R I 58 A OR
Iy ETTEN BB AT 028, R DU T
VRSO H s RN RE R, AT IR I SR H
H g SCHE M AN 2 B SRE T R e e, oD
A R 2 7 A IR L, A 3(c)
P (WREAETT 2) .

P TR ¥ 4 &5 F R 5 s 2 ANy, K
(1) T A0 Bk — J7 TN L AT $2 L, 53— J7 1K
SHROZETE IR T AEAT SRS, TR SRS IR AR
ERAE S — A0 1 1T R T 3 T A g R
. Rosvall 25 SR 4 X & BR300 AT
BRI W 4@ PR LA 3), J54 1 6 000
2N AR IR ANy 88 AN L, REANTY
AR —ANTREE, M KR K0S W) e 2 1 Ay 2
b JEk A B o Liao U VER ) KR 5T
AW 2K A 3 5 A0 Jm LI 2 U el [, T
K TR 0 4% 1) 1 s 422 T ) i LR IR 6 Y A 55 )
A, I LT Y g A M S R 4 T R
AT A, R A SO 2 11 = HL 4 LA
DA, TR 4 T A8, I H™N
T B R Shi PO — ] T KR S 44
AR R T 0 BT 4R BHESE OnionGraph, 18
AR EECIEIE T BN S, I &
Tl G5 48] (1) S5 AN W9 28 BEAT 231X, AT 45 4 1 SO

2018014-5



<6 W55 B AR B4 %

AME BT oy 2%, S AT R (RAERT3). Zinsmaier %2R R 2K
o as. BEZEAER, MM ERRIR T, RT3 AT fimid 28
G LAEZ A R W R BAREN TS RIS DGR AL . W 4R
AL G BEDUAR OCHE, W E 4(b) Pt CIRARUE 3D, SR BEAG T S ) i

(b) 2T RIS L GRE () FETHEHIRISMER th LU g8 E

(SRR UL Y ck s NIHE R et? %y i

(o) BT IRUERIRIE R A
K4 T EIRLEOR MG LI

2018014-6



%28

TR PRI AN AR AT A T TS R R <7

FES LY R G, B BIC RS SR A
RAERSE LR A ISR A, A SV P A
I3 W AN 4015 J2 T ) B AR R 2 g5 2R

4 BT RIEBEMEIRINATRL

I A T A 184 5 S I 29 4 b AT Ak T v A
T RIS AR S AR, BB AR
IS IR AR LR, A 8 IA Y AR 2 1) it M
PR DRI ) AR 2, 5 B P B A R
VAR S22 2% AR Fh S5 K, o) 20 2 9 2% s
RN . 25 H T h A& M 230 4 nT AT 9T
B, KKK G5 A iR 2 BB T 1) AR
RS mE . 38 A G 2 AR R 7 A
IRISAR LR, 5 W P T I Ta) R ) 7 X EO T
fif PB4 s T 52 2% 10 248 B0 1) I AR A
2) FREERERVE o A EITEIRE: (1) S50 AR A W] RERN
ISP e S, 2R TR IR 25 A IR S 1
T EGHR AR I A A G5 I TR) 22 48 2 I 7 XA U
SERIRAIEARAL, BRI AR AR .

41 HEIPENE

FH T Hof 7% 0 6% (14) 230y 1) 58 S K L I 1) 77 41 B
FEWR IR AT A IR I TR) 2, At — A Bl IS TR
(Bl Ja e 4, 38 A sl A B e 344 |
AR AT TS 0 ) e T L 1] PP A1 )
TR, R TR) SO PR A RV S & F P 3 A %
WRIAE . HTT V2 2R F ) 7 9 A 465 2y e a3 38
AR 2 BT S AR S AT R 2 [H]
(e el B P in— AN B U, Benjamin 2517
W] GraphDiaries RG(EHHITE . A m
SRR ARG I T kY BOR A AR PR
Al EREFFIEEAR SN A LS AR B . i S(a)
Pis (WEAEH T 4), (eI TC =B B vt il S8 T
RN L0 78 NS, 3G oo =B B vt [
GETG AN ) 6 2 SN TR 2R, (R A it
it rh ot OR B 1R TSR G TR 3% 3 20 6 B 55 5))
M, Griffen 255058 i Zhmil R «/MEH %
WL RITIE” SR, R I i g B R BE
i B YR R B b i 3R 2 285 1] v 2 T R IS 1) 6 2R
%5, Lin SRR RERLE K EE R sl & B i
RGeS o R R P T IS8 A B T AL IR
TERIN I ) R a5 R 5 5, T 50 s 5

ARAEY H R R AR, ORI 25 A1 JR) R A 1Pk

38 b AT S 77 2 A I 23 A o R A T e A
XA TR JR) 7 2 BN 1) B HA B PR 9 28 JL A
JEAR SR L, ek R B PR AT S B ST e B ) A
TRELA M AEFE o Fisherman &5V 595 4
ST AR SR Y Bh IS AT R B, AEB) A
I FE P AERF I 25 (1) SRR A5 4, 3 B K 579 AU
PrE AR . 7ESREEA b, SCHR[261 0 T 4R 4%
A Jmaitg, & —RhiE & E e HI .
K S(b)FTn (WRARTL 4), % E Iy b5 4
R RARFEF RSB, R RV IESL AT
JRITAT R 38 B8 0. 553 FE GPU g JExk
FH &R G B 772080 D A JR I Ta), - AT RE A% b HR A
CHURE P 99 2% B dh . Che 257 Y Fh e T %
F7 30T (R BN 25 A1 JR TR R A I AR [ IR HE AR 24
MR ZE— 75T R023 A A /N IR A8 SO0 55 v S b
HE, T b7 B R B B 2 R S WA A R
HEATARAL, SR 11 ER R R 380 5507 B R AR R I T
HAFRITEAR,  [RIINSCREF - 8 LSRR =
LR, Wl 5e)fin (LML 4),
4.2 FFERER

TR R B 2 A St A A Y 4% A e G f R4 T
Ry, SR R IR R R s R B AT
AR AR, T 0 LU 2 AT 1 5 ) I AR s AL
LR OCHE D BR (W BRI o A SR AR TR AN ]
PLANTR]Z AR 25 SRR, RRAE R ik
R A R T A2 IR . Kumar 2528
TR I T ) Ay AT R IR AR, AT 2 I A Y
25 B LA—Fh 2 A 7 B A0 R E SO
LT RO AR PRI AL, RENS G V5 I ) N
ARy, ARFFIE] B, TR S R AR
(R I8 B, A P RERE IR AN B G A0, W] 6(a)
i (SRR 5). James Z52W@ vl 1 Kt UAs:
1K LT SR )7 453 R Bl 2 I 4 ] A
W, AT RIURERER M N TR, %R
HDGEREE S, R ED BN E TR
TCHEMIGRFELE, A% SIS K AR Z5 (5
ST R B 2 R e A AR AT T I ] ) A
tho il 6(o)Frn (WEAGRL 5D, A TH R
M4 JR R SRR A s 2 ANZIR, % SCHED TR
LS ()[R PR R A SR B A 4 I A ] o 31X

2018014-7



<8 W28 L5 S 22 A2

2006

(c) FeTHr i3 A K 2

P 5 et R ) i 1R I A2 00 2 4 4w AL

FERAT 3 R B I 0 = AR A 2 IR B RER, AR
PR FEI 03 RAE A R D02 IR 4 R I
PREE. Cui PN —Fh GraphFlow (K& 872
M I AE P 2t s, R RS 4 i 7 2C
IR L o AR R R A A,
IO RE I ME S € &2 PR ik & 1 1 A2k 5
J7 {5 A RA VR s A e R IR OB 43 o b,
IS R — 2 HES R A4 sUE 2 K], GraphFlow
SCHE T LA A [R] B[] 5 PR T 40 D9 28 0 Fh 4544
el 6(c)Fra (MR L 5).

5 REARXBEBEMEIRINATRL
W23 A PRSI RR TR LR Y,
Hh— ML EFGER A, AR i
F2 il 1) b R RS (R B b P
AL AR A RO T A1 BRI P A A 2 1) A

LR T e B ] MG A B R
ol L PN (37 S SR ISR -6 =i LB =R el ]
22 [FINACE RELE ] B4 2 5 0 Hde 1)
A HT, WP RS SRRl
Shneiderman®!V 5L 42 H W] WA A7 S48 %R 1S A
JSUU, g T LR R FEA AT TR A, B
AR RLUE. R RO ORI, DR
Kein W i1 T 5 Ja0 AR B8 198 4.
REET BRI 5 . Ward 2653 e i A8 1 44
PRI RINIEA b, B DP T e | MHELE,
5 XA H N BACRFARAE R W A . Jorp, 8
VEFFAEE 3 28 L. FERARIE, Bttt
ELN O PTG -17¥ 1= Reul LT N € 2T Rl LTS
=8 it 1IN - s (T ST R Ak 2o el T P NE A
MUAL F A LR AR AT DL Tl R 38 440 A
BAF RN . SR LA M8 4R $h AT AL 5

2018014-8



52 1 ERASE: IR TN AT RIS R <9

|

B0 000 normispuckcanons) 1 500]
CETR— | E—

va

——
] I— L —

(c) %=+ GraphFlow [1) 2% R 28 7] #i 4L

6 TR ALERER (I AZ 9 2% ¥ 4 T AL

MAZH. . BT AR A R K AR A
K TR RBLER RORURIA IR ORI, B 2R

P H o W EAAS B s B T Ak
HIEE R, $EEAC HACR S AT B A R AT T, %
AICH BRI AE . RS ) 73 B AS B RAG . 3) Gk
PEAZ o AEB TR TR, IRAIRTT LS 1)
IR S BRI M Gt SR Z W

2 TA 7 A Bh P [ e 0 5% R0 2% (R AS [ g v
SCRE AR S BE AN R o 07 O s,
XA 40 P AR ER B - 4) YTR AL
[Py kS D 7 N TS T N WA % N AR SR
i, MEBVEMISIARRAR . =4S SEARITE
R = A ik it 2 4 S DR UE P AR SRR B T IR0
JE, B BRI I % S R SR AR RN L
50 £8+ETXXE

FE R BN SOV B TR S i A

2018014-9



<10 D 28 15455 B 2 A AR

o0 445

T2, A AR P S0 M X e SR A
X3, R FSE5 0 s n R (e B oAt X 3
VEh BRSO, TR IR A S e B R R £
B EMESHEI MG IR TS, i
FIBCR I EI, BENS A oA BE PE KB S
FH P IR 43 (1 ) 0, A7 )i = A it B 9
ik Wty N SR N AR AT S W NAT )
k. Robert ZPUIFA& T ML AL RE: VISUAL
FF ISP AN ER LB R, SR N & e
M, PN AL R 4 PR HRCa X 3R, R R AL
IIAAEDY R, WOELR I 2 D RS ML T /N e]
AR BV R I — S 5 v R P A AL, AL
AR I SRS RE S PR R I BN L R K R
SCHE SRR, SRJGAHCRIIINE, B e AR kv
AT (WAL F AR B P 756 P3G s
(RG AEFE AR o SCHR[20] 48 HS 1 mT #0442 i HE 42
OnionGraph H, WZ57T S5~ nf LAZE 73 2 1R £
s N SO HASR N AT R A RS R, 8
WA B AR, FF A LAEMN S a2 A5 2 1)
FE AT, BN AR AR ST IR ST G
I, AT SIZES AL A% P28 1) 22 S22 R 93 HT - Feng 250
PPl AR 253, R AR N &
TRFEMI AR T2 — 8, RIS REZ M i
NSRS T AR AL O R s AR I,
BEL L5 s RSH R, B R ISR AR SRR FH P (1 S8 4
Mo, TR A AT S SRR, W] 7(a)
s (FAGTT 6). AARATHEO R —Fhe T2
R B R SCHAR I A BB, Sl — R
B B AR T 18000853k, 7ES I IERT 74
PRFEA b, 78 55 A0 RE T SV el e JE I AR
FOARAE W L4300 B 43 Wik R v ] DU FH P 96
(R S A T RS E RO AT HE s SR X 3 P
5 IR 2R Tominski 250757 FH A2 IR A T AL
LA B R SR W 25 P AR R T AL R R
Wil 7)o (WG 60, i AR iRk
ST R B ARG R 3 HT . AL B SRRt
SRS S I A R A B 20, Forb, JRsid
B T AR PR ) T Y e, 408 J s B T R
TSR A S RAREEY . Van 25D 2R S
A G IR (7 A, I I AR AR I SR 1 2R
B AR PSR, > 1 P A S 3 U EL A T 4

W, T EBDE R B, Ry
R HERA I A5 0 . i TR (BT 6),
YIE BT ORI, BRI E, SEAeWOE B E
5 1) DR 7 LA T TR 1 Pl 8 0 o S0 RS 1)
PEKI IS5, Gansner 20 R IMAIRER,
FeTh B H R A 2 I P G FE AN R R R RS
sk, M fRE T OERIEE, ARE%
IR G5 AR A s, DU SIS X IR F)
ANETAR T AW IR, B Jm A E DA X S it £
AR AR I BOR, TR CRHR A2 B8 4515 B, X
AN TR B SE AR TR o
52 EHEXEH

BLFEAT B 7 208 ok R AE AT A A 2 o 4
RATHR R IZ 5 00, A 80 m AL
RS H R e, BEACH P I %
RISE . RS 4 2548 H RS . Frisch 25107658 1
KPR b R 2 A 4 2R T 35S TG I 4%
P B AL 45 0 2 RN B P 2o an ] 8(a)
P COWRAGE UL 7D, A2 1] 40 B 75 SR M %
Wit TEFHES, BRFAEREIE .
W) BB S MBRE TR BuLsk
B 4 BRI RS 345 . Schmidt 2156} 9 nf
PAC 1) 22 55 Mk BF AT BRR AT TN 1B
FTo R R-RERE AN R T, Wb T — &5
A8 HAE A SEDU 48 B P A IR R b, A
BHAR R AR B AT R T I B H 2 AR
DO PY. AT B ERAE AR AR . B e AT
Fefi e 5 . FEfh 4 g BB . Prouzeau 2514
16K B s i EAS B 2 1 P il 3 A8 R ERR
0S54, FE OGP TR P R A2 ER
PR 40 40 B AR CR R T, B
53 F8 X3 % RS UG T B i R AT
H, WE 8GFin LRI 7). Kister 5%
NI R Rl E VAN R ST & NS Re g i
FIHB s &ZH AR RS RNGEEFEE
PP p s Tl — 28 4 1T (1) A8 AR 28 S 4 6 ) 6%
BIMAZH . AT eSS, BFEIEFE. JB/Rgy.
e, R EGER . B g iR . K 8(c)
Fiw OISR 7D, HPrades,. g, &
B E AR BB 3 &, AT S BT
KBt W st R R AL H .

2018014-10



55239 TR PRI AN AR AT A T TS R R <11 -

(c) HETJm P8 SR ISRFAIL i P & My A2 EL ) B
B 7 T+ BRSO g i R A

(b) SCFFZ T UM AL REA HL T () HT BB HIACH.
B8 kT ERACH IS RN i L B

2018014-11



<12 2% 55 {5 6L 22 A A o0 445

53 XEM4XRE

28w AU I AS HHEA EEE TR,
ENYE S RIS IR = TR ) R 1
MrigtER R, FR2IAEH T B P25 50 b 4514
REAE, AT v A A i i 5ORT Il B AT AR R R
FRIEIEEUEOAR, DAAE i+ R SC el A AR Ak B4
AURFAE B JTVE I FEARESE . RIS ot 24
A AAAS BRI B, R R
V) PR AH F O 3R DA R S ST 5040 2% ) A 25 i 2 2 ]
MR DT, AHELTERIER-. Eak, £
A KBS A [0 2 Z i Mok B 2 2, 9 2% s
Tk S, K20 TAE A9 0B
A 1] 308 Y 286 Jeg A2 22 i) 18] O 38 R0 AR Ak 41 43
#ro Rufiange 25K DiffAni 2R Gkt I 48
W0 2 Kt R TR A5 22 0 I B BR300 42
[P RS T A B S K, Hoh A et 5
— N AN 2D A 5 o DiffAni SCRFE 3 BRI
2257 YLl 7R SN TR BE N & I 18] 20 A1 Ry 22 1) 1) 22
S5 B R RN ) B A R AR i s /D
A KPR FE RS ) A RS o 3 &
P2 (B 03 F)AZ B AT AR V) W9 28 41 b 254
SE A BRI O BRI T 5 o Koo S5 TRI ] 22 9L I 25
B S MR A BORIR 28 i 4 22 748 B8 1) I 2% I 28
P5, FF4EH Petal il Thread W RRIE LA %t
SMAAZZEEIERSEA N ML, Hrr, Petal
PR LS EG (PR AL ], Thread hifis 45 S 242
B PR OCIRAN T o % R A SO A R
TR SIS 2 FE IR e A I S I e R
MR R H, & 9@ (WL 7).
Hadlak %515 AR 56 IR ) Ja8 1 50 28 000 S e ot
BAS ML DAL IR AT R 3 B o B 9(b) s (AL
T L 7D, IR I TA) 4R R EO Y A Bl i e
AT, B IRa i R R 2 AN,
FEARISCUEN & I, AR AL
% ROBE IS TR) JR Pk BT L 4 ) o9 286 JRL A H DGR AT
OERREMECEERKLGIR, SR P o)
AWML Dang SRV H —FhoE BTG AL RS E
3 TimeArcs K W ETR 73 #7802 B b 108 s s
o 7F TimeArcs M EEEFE T, AR 9 SR AN
R R R OGRS L, I B H ) O
KER; FHAED A0 JREE A MBR 6, 4R

(075 RO RAT A Ry o A2 AT RIALRT B,
KA BELR R AL Mgl 2 AN RA KPR
(K45 450 Elzen R H — Rl U0 7 12K 40
ENAS B AR a1 9(e) s LA T 7),
HEBEA IS R0 1) P9 28 S i il e A ) B, R IX Ly
Y BB P, H AR, REE1RE
(A, A 7R AN 2P snapshot,
RESRIERE T 2 AMAHABIN 2 T 05 o 3 3ok AN [ #R
P 1) 1 D IR HL Bl m) LA Rt 5 B P R R 4 i 3))
SERERE. BIDRES. »ERESUIRE
EAREZ IR R

[A) Calendar View €] Line graph View —— [P
= o e | o i 11) Nod
o L | -y o Filtering
b s g C View
bl (F) Geagraphical View {E] Legend
ek View
i {Type of
..k Delays)
ie
= ey -
e LI —
] Sy o . i b il
18] Clock View u iz ¢ =
: | 1) Hourly

=h |
= et - ji-Destindlions . - ocDestinations

L VEW k) Time filter

(a) =T 2RI i 45 53 A

() FET e o) B " HEBGE I B A 451

9 B ORI AT LI M 2t 4 T RS AT

2018014-12



%28

TR PRI AN AR AT A T TS R R < 13-

5.4 IEIVIERL
DUIR AR I 7 R AR S 1 9 1) R AP 455
WSO AT B, R P R — s B
T e Dede™RFTREM, iR A
B2 gER AR B I AR e, BRI
R P A S G b PR T OR B S TR S, AR
BARM% . BIUILSEHAR L M 4830+ TR BOR
M&ia, WA B3R T ANAC HFB, A R0
PR T 0 AT R S D) 245 285 A S TR 303 R i
Tong PNyt NI = e T ¥k, LA
Oculus Rift + Leap Motion AT F-&, {EBh=3HE
A TEAIUFIE K TEARBEY, AR R R e 55
IR EIN, IR = AEs A S5 AE s IR0
AN WIREE R, ik =4EE A L
DR 7 A ) AR R g, Wil 10(a) s
(RFAEHTL 8). fEMELRN I, Huang Z5PYEGHIT
BRAME PN FRALH B, NEWEZ. H51E
AIATPERNSF A AR TRE2E 3 MRS R, Wik T
8 FhF-HAE H A, Fidd 5| N AU A 4 27 i
JRUETF A B a8 5o MRSIEE . #E
MERE 50 B TR P AR 6 58 1 36 iE v U
FUT TR B AEERER N 45 45 K4 ] A040 7 T 1R 2%
o Kwon 2520 T 7E0R sRA B RIS 5 R4S

SEARPR BRI, K 0 284 75 Ui ot kO 43 g B
SEEIERE L, IR FHER 2 MG MG 1) de Boor
SR A 1 LA 48 s 1 77 3 S I AR KT (1) 2 1
b, TR IR B oy b Bk, bl
5 SR8 SCRTEERY AN 3 iy D0 SR EE R % Y
LR 1) 50 BT BRAFORS B2 AN, B 10(b) T~ (L
FAB T 8). Cordeil 25PN i 5246 % LE AR A% 4%
CAVE Ytz X MU SE PR BRI SkL 38X 152 £ HMD 31X
2 PR AR EE I 56 i W9 4% P 3 3 P AR R AT 45 1)
AIPERER N A VERCEAI T AL, IFR] HMD 76
SE I AT 55 B35 APt s AR RS B e 1Y)
PUBE, i 10(c)ira (IR 8).

6 MEHIMATRLIR

ML T T HAR, BE%L, Hiri
U AR 9 2% T AL T R AL NodeXL
Gephi. Cytoscape. yEd. GraphViz %%, X4&T H.
DhRE+F5 @, FFARR T4 E A H
(1. Hrh, NodeXL &2 Execl #iff, &
1Bt T A SR AL AT I 2 a2 233
P UL R oI A ], EZEH T M A8 M 4% . Gephi
s T RS T6 L T IVM R 2% k2%
IINTEAT, EEM T RRMEMEIRRSGE, B

{a)

(c) HETATHYMERITTR A 2% a3 B

{b)

K10 et UL W 2 4 4h nT B A

2018014-13



<14 . D 28 15455 B 2 A AR

o0 445

3 2 B AZ B A S R0 T8 T H o Gephi
PRt T RAEER A R 7RI RV P AT A
JE U, SCRFINAR I 28 H0Hs T A4k SRR sk
I RLJERI2%, IS UESS AL M 4% . Gephi fi
FH R 0y )2 B 1 g vk A B A R L (1) ], id
Tk 0 R 2 g K gy )7 S R R IR 2 )R
S 1 Rl P S 2 v ) P S DS € g R
WE I SRR FIE R G W . Gephi & H T 4021
R RUASE o 28 B, AL B RIS B FRZY 50 000 4™
S5 £UFT 10 000 000 4532 . Cytoscape A& — MR ALIT
TE T WY 288 ] R RN 2 BT 884 2R 48 - Cytoscape $¢41E
T EML S, ] R A nT AL R T A RS
AR RAHE, HA SN2 AR v,
FAGHIIR . R AR B A . LA
FEPEHT AT DL WS 2, AR/, B,
RULHREBIE T SOAAE SRS . W RUEWIRE . A
AR, MRENESE .. HEYEEET A
W9 £ 1R AT RACFAH DG Il &, Bl D) REAN B
oy Re,  TLE A 1 ) & 52 2% ) 2% 1R T AL T
Ho AN smIHR VI, g | N2 Ak
22 WA R i P () S il e ) DA S L s AR 1) L
Bhhe)s. yEd $eft 7 AR R bR Bt o R
iR EIIRE ), Aefg AR R AR AL 1], (R IN
BEVF 2 AR A R R AR AL B RE T, g
g AR A R R A B 2 IR B 3% 4% . GraphViz
ST LR S8 = vk 1) — AN R R I B T 2 ) T
H., FF Windows. linux fll Mac 25 & Fi#/E &
45, T —AMREE Y DSL (Mg el s ) ——
dot fEAMIATE S, FEE AN RS AT LA,
POt | A Rk . GraphViz 1) dot JHIAE AR
W TR EAT R, T HAR R T RS B 3l R A
FEM TR M B, SRR S
GRICA . WA . o R Rk A
WiAE “prBENET1S”, BRI GraphViz K% K],
GraphViz 23 ZH i & APt , A A CEHE K2 .
BARIX LS T B oA AR % B DI RERs s, H
TEATYREPE . KB Ab 2 3077 ik
H P55 T AR A A1 2 B

7 HERIE

ASCE AN T MG i T R R A B

W, A ZE K B 5 RF RO ) SR A A
LA T AL I FEA S R R . S BRI
FULAE, SES T HG 2 b b a5 i T A ST
AR EEEPRAR . SO 8 T I 52K M 2540
TR TTVE B A TG, B A S o iy B
figp 190 20 $ G5 AL TP ST RABEHOR DL, TS 240
IME R PERE . P4 2. I AR PESE TR A
AR, SRS B TA R VPT M fe
B, R, RN B S Y, Jf
LA VPTG 4R T, MALBE AN o, N A2 e
18598 SRR A 5 3 NIy 0 M H AT 4%
N TR TS ) E R T RE . o, BRI
SR 5 S I 2 4 b nT A 7 iR A A R s S
A DL VR L 5 A IZ 2 A7 1, AANIR] A
SRS AR BTy, A3 A1k B A 1) A B A
Ko AR R I 9SS 0 25 4 41 T AL B4 I AR T
FESI I ATEFAE R, 3 5 H I A ) 2 00l P
MR 55 ARG, $ e B 25 4 45 1R S5 A4 R
LR PRI AR AR o PR A 1 2R M 2% 4
IR AR Sl ol N K2 S NN S
BAYUE AR, TR A F SRR AT AR AT 2
DRt 1 AT B ARl A0 22 1) R0 S 4fs 3 42 1] R o7
J&, B R AL S BARIE AR, SEBUA
ANTF A1 BERIAN [R) St 7 O E S vt R 2%
WA 28 0 0 SR RN RIIR B o AN [7) I 7R (1 Je o
RIS L 40 A FTRLAL T IR AR I L 0 D R
BRI A A, (HHR I Se A R LI 45
AN GERRFIE L % J I A LA Y R L A Ok
(Y iy A2 W 2% i A R, O P R R A 1 R 28 9
FNATRAL ST IR, B e I 4 A A BESCR A ]
ML HTRE D IX BT 5E H ARAEREAT AN IR S0k it
AELIR BUHT .

B A U ARy 0, RS S AT
I, DLRAE I N /SR TR A Ae . SERIAE
AN TGN ER MR, 25 P28 0 D TR A
FIBIE 55 V8 RO P e S A LI AN P i o

1) WL ARG 587 T o A1 Jey 77 3L R AR
RIFE - TR, H 3 BB AU I 440 S0 R 5
PN o sv ) N PN IV SN e P E 2 L E
R GG Ll kiR R Ry 4
X R KA D 28 3 s R 1 22 1 P 3 P D ML T L

2018014-14



%28

TR PRI AN AR AT A T TS R R <15

AT 14 1) AT R 2 e Bl e ) e [ N o R A
SRS TTE I G P PE AN S AL, EOREAR R
T Y R0 RS 190 228 0 41 5 ) TR B AR ON 1 55
git, ACHEF AT IRIHET Y .

2) WAL R SR T I o KA I (ke PR LA
SRR MEARI P BRI K, e
FEB B OREF D (K B e ], AT AR
S8 19413 J53 75 AT 25NN AT RE R L AR I3 2 B A
SENG DL, PR NG R A1 Ja) BB I RSP A ST L
ANERMEAESE , AT B o) 1 B 1K) /2 R S R A
AR ARV AR, RS2 0 3 BT B I TR) 5 A
IOk=IpSEE L8

3) RRAACH IG5y 1 o FLARAS H 5 AORAE
KBEE I HEAR i A ORI E A . )
I B A 20 A% B M 4% Bl OR R O, R 8 el 7y
DIvEP S Sl I IRV AR AL b g iy d
(K1 5C R AMAZAL AT 3T o SRIPRIEAS T A By ) JE
TIHTECR, AT HAE R 2 B & A5
RAAEZ B A RHANE 50 AR 22 A (AR 96 R
LA B S N7 08t 2 ) R0 5 Aol 5 22 ) (R 0B AR 7 T AT
HIFERIIAVE o (R BEA RIS H AR K
PR, DU ABERURE R AR P FE R 1K)
P73, SeHE A SR I S AR Qe (5 Bh A B
ARG TR B RE e e 4, T ReAEIE
REYTIR SN AT T i 190 2% 0 1 2 1w AL I
0 DA 23 R RVER AR 199 25 5080 1A R0 S5 TRR AN 1
WAL ALAT

B K-

[1] ROHRER R, SWING E. Web-based information visualiza-
tion[C]//IEEE Computer Graphics and Applications. 1997: 52-59.

[2]  EFBE KRB 2% 4 4 WIS D). dbnt: JEst B oK%,
2016.
WANG X Y. Research on large-scale network topology visualiza-
tion[D]. Beijing: Beijing Institute of Technology, 2016.

[3] SREEH, DA, EWER. MR T gk 0] 0 S
N ST, 2008, 25(6): 1606-1610.
ZHANG W M, LUO J Y, WANG Q X. Survey on network topology
visualization[J]. Application Research of Computers, 2008, 25(6):
1606-1610.

[4] GRAHAM J W. Nicheworks-interactive visualization of very large
graphs[J]. Journal of Computational and Graphical Statistics, 1999,
8(2): 190-212.

[3]

(el

(7

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

2018014-15

SUGIYAMA K, TAGAWA S, TODA M. Methods for visual under-
standing of hierarchical systems[J]. IEEE Transactions on Sys-tems
Man & Cybermetics, 1981, 11(2):109-125.

AU S C, LECKIE C, PARHAR A, et al. Efficient visualization of
large routing topologies[J]. International Journal of Network Man-
agement, 2004, 14(2):105-118.

UM, BEESHT, WafE, A Tl X 4 R0 4590 £ B A R SLIE).
BT SEHLAS K, 2007, 23(3): 143-145.

HE P, LU J, SHI Q, et al. A campus scale network map layout algo-
rithm[J]. Microcomputer Information, 2007, 23(3): 143-145.
WARE C, PURCHASE H, COLPOYS L, et al. Cognitive meas-
urements of graph aesthetics[J]. Information Visualization, 2002,
1(2): 103-110.

CHATURVEDI S, DUNNE C, ASHKTORAB Z, et al. Group-
in-a-box meta-layouts for topological clusters and attribute-based
groups: space-efficient visualizations of network communities and
their ties[J]. Computer Graphics Forum, 2014, 33(8): 52-68.
YOGHOURDIIAN V, DWYER T, GANGE G, et al. High-quality
ultra-compact grid layout of grouped networks[J]. IEEE Transac-
tions on Visualization and Computer Graphics, 2016, 22(1):
339-348.

WU Y, WU W, YANG S, et al. Interactive visual summary of major
communities in a large network[C]// IEEE Pacific Visualization
Symposium, 2015: 47-54.

CUI W, ZHOU H, QU H, et al. Geometry-based edge clustering for
graph visualization[J]. IEEE Transactions on Visualization and
Computer Graphics, 2008, 14(6):1277-1284.

PENG D, LU N, CHEN W, et al. SideKnot: revealing relation
pat-terns for graph visualization[C]/IEEE Pacific Visualization
Symposium. 2012: 65-72.

HURTER C, ERSOY O, TELEA A. Graph bundling by kernel
density estimation[J]. Computer Graphics Forum, 2012, 31(3):
435-443.

PEYSAKHOVICH V, HURTER C, TELEA A. Attribute-driven
edge bundling for general graphs with applications in trail analy-
sis[C]// IEEE Pacific Visualization Symposium. 2015: 39-46.
BACH B, RICHE N H, HURTER C, et al. Towards unambiguous
edge bundling: investigating confluent drawings for network visu-
alization[J]. IEEE Transactions on Visualization and Computer
Graphics, 2016, 23(1):541-550.

BOUTS Q W, SPECKMANN B. Clustered edge routing[C]// IEEE
Pacific Visualization Symposium. 2015: 55-62.

ROSVALL M, BERGSTROM C T. Maps of random walks on
complex networks reveal community structure[C]//The National
Academy of Sciences of the United States of America, 2008, 105(4):
1118-1123.



¢ 16

W28 L5 S 22 A2

o0 445

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

LIAO Q, SHI L, WANG C. Visual analysis of large-scale network
anomalies[J]. IBM Journal of Research and Development, 2013,
57(3/4): 13: 1-13.

SHI L, LIAO Q, TONG H, et al. Hierarchical Focus+Context
Het-erogeneous network visualization[C]//IEEE Pacific Visualiza-
tion Symposium. 2014:89-96.

ZINSMAIER M, BRANDES U, DEUSSEN O, et al. Interactive
level-of-detail rendering of large graphs[J]. IEEE Transactions on
Visualization and Computer Graphics, 2012, 18(12): 2486-2495.
BENJAMIN B, EMMANUEL P, JEAN-DANIEL F. GraphDiaries:
animated transitions and temporal navigation for dynamic net-
works[J]. IEEE Transactions on Visualization and Computer
Graphics, 2014, 20(5): 740-754.

GRIFFEN A L, MACEACHREN A M, HARDISTY F, et al. A
comparison of animated maps with static small-multiple maps for
visually identifying space-time clusters[J]. Annals of the Associa-
tion of American Geographers, 2006, 96(4): 740-753.

LIN CC, LEE Y Y, YEN H C. Mental map preserving graph draw-
ing using simulated annealing[J]. Information Science, 2011,
181(19): 4253-4272.

FRISHMAN Y, TAL A. Dynamic drawing of clustered graphs[C]//
IEEE Symposium on Information Visualization. 2004: 191-198.
FISHERMAN Y, TAL A. Online dynamic graph drawing[J]. IEEE
Transactions on Visualization and Computer Graphics, 2008, 14(4):
727-740.

CHE L, LIANG J, YUAN X, et al. Laplacian-based dynamic graph
visualization[C]/IEEE Pacific Visualization Symposium. 2015:
69-73.

KUMAR G, GARLAND M. Visual exploration of complex
time-varying graphs[J]. IEEE Transactions on Visualization and
Computer Graphics, 2006, 12(5): 805-812.

JAMES A, STEFFEN H, HEIDRUN S, et al. A modular de-
gree-of-interest specification for the visual analysis of large dy-
namic networks[J]. IEEE Transactions on Visualization and Com-
puter Graphics, 2014, 20(3): 337-350.

CUI W, WANG X, LIU S, et al. Let it flow: a static method for
exploring dynamic graphs[C]//IEEE Pacific Visualization Sympo-
sium. 2014:121-128.

SHNEIDERMAN B. The eye have it: a task by data type taxonomy
for information visualization[C]//IEEE Symposium on Visual Lan-
guages. 1996: 336-343

KEIN D A. Information visualization and visual data mining[J].
IEEE Transactions on Visualization and Computer Graphics, 2014,
20(3): 377-390

WARD M O, YANG 1J. Interaction spaces in data and information
visualization[C]//The 6th Joint Euro graphics/IEEE TCVG Sympo-
sium on Visualization. 2004: 137-146

ROBERT B, GLENN A F, CHRIS N. Home-centric visualization of

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44

[43]

[46]

[47]

2018014-16

network traffic for security administration[C]//The ACM Workshop
on Visualization and Data Mining for Computer Security. 2004,
55-64.

FENG K C, WANG C, SHEN H W, et al. Coherent time-varing
graph drawing with multifocus+context interaction[J]. IEEE Trans-
actions on Visualization and Computer Graphics, 2012, 18(8):
1330-1342.

BENJAMN B B, AARON C, MARY P C, et al. DateLens: a fisheye
calendar interface for PDAs[J]. ACM Transactions on Comput-
er-Human Interaction, 2004, 11(1): 90-119.

TOMINSKI C, ABELLO J, VAN HAM F, et al. Fisheye tree views
and lenses for graph visualization[C]//The Conference on Infor-
mation Visualization. 2006: 17-24.

VAN-HAM F, VAN-WIJK J J. Interactive visualization of small
world graphs[C]//The IEEE Symposium on Information Visualiza-
tion. 2004: 199-206.

GANSNER E R, KOREN Y, NORTH S C. Topological fisheye
views for visualizing large graphs[J]. IEEE Transactions on Visual-
ization and Computer Graphics, 2005, 20(5): 740-754.

FRISCH M, HEYDEKORN J, DACHSELT R. Diagram editing on
interac-tive displays using multi-touch and pen gestures[C]//The
6th international conference on Diagrammatic representation and
inference. 2010: 182-196.

SCHMIDT S, NACENTA M A, DACHSELT R, et al. A set of
multi-touch graph interaction techniques[C]//ACM International
Conference on Interactive Tabletops and Surfaces. 2010:113-116.
PROUZEAU A, BEZERIANOS A, CHAPUIS O. Evaluating mul-
ti-user selection for exploring graph topology on wall-displays[J].
IEEE Transactions on Visualization and Computer Graphics, 2017,
23(8):1936-1951.

KISTER U, KLAMKA K, TOMINSKI C,et al. GRASP: combining
spatially-aware mobile devices and a display wall for graph visual-
ization and interaction[J]. Computer Graphics Forum, 2017, 36(3):
503-514.

RUFIANGE S, MCGUFFIN M J. DiffAni: visualizing dynamic
graphs with a hybrid of difference maps and animation[J]. IEEE
Transactions on Visualization and Computer Graphics, 2013,
19(12):2556-2565.

KO S, AFZAL S, WALTON 8§, et al. Analyzing high-dimensional
mul-tivariate network links with integrated anomaly detection,
highlighting and exploration[C]/The IEEE Vis-ual Science and
Technology.Los Alamitos: IEEE Computer So-ciety Press, 2014:
823-825.

HADLAK S, SCHUMANN H, CAP C H, et al. Supporting the
visual analysis of dynamic networks by clustering associated tem-
poral Attributes[J]. IEEE Transactions on Visualization and Com-
puter Graphics, 2013, 19(12): 2267-2276.

DANG T N, PENDAR N, FORBES A G. TimeArcs: visualizing



%28

TR PRI AN AR AT A T TS R R <17~

[48]

[49]

[50]

[51]

[52]

[53]

fluctuations in dynamic networks[J]. Computer Graphics Forum,
2016, 35(3):61-69.

ELZEN S V D, HOLTEN D, BLAAS J, et al. Reducing snapshots
to points: a visual analytics approach to dynamic network explora-
tion[J]. IEEE Transactions on Visualization and Computer Graphics,
2016, 22(1): 1-10.

DEDE C. Immersive interface for engagement and learning[J].
Science, 2009, 323(5910): 66-69.

TONG X, LI C, SHEN H W. GlyphLens: view-dependent occlusion
management in the interactive glyph visualization[J]. IEEE Trans-
actions on Visualization and Computer Graphics, 2017, 23(1):
891-900.

HUANG Y J, FUJIWARA T, LIN Y X, et al. A gesture system for
graph visualization in virtual reality environments[C]/IEEE VGTC
Pacific Visualization Symposium. 2017: 41-45.

KWON O H, MUELDER C, LEE K, et al. A study of layout, ren-
dering, and interaction methods for immersive graph visualiza-
tion[J]. IEEE Transactions on Visualization and Computer Graphics,
2016, 22(7): 1802-1815.

CORDEIL M, DWYER T, KLEIN K, et al. Immersive collabora-
tive analysis of network connectivity: CAVE-style or head-mounted
display?[J]. IEEE Transactions on Visualization and Computer

Graphics, 2016, 23(1): 441-450.

HEEEIT]

2018014-17

E (1989 , B, ZEREKAN, HHE
TREY B ST B LAs, EER TR
BT TR T

HKEF (1994-) , B, PRI, VhUFE
B2 AR, BRI T W) b P 4%
LT,

KRIE%E (1979-) , B, weEHON,
€, R R, EE W
Ty PG E AL . Al AL S AT AL AT



	01-180001-‰~

