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Abstract: A Focust+Context technique based on circle packing is presented for interactive visualization of large
hierarchical data. First, atriangular mesh generating method based on externally tangent circles packing is proposed
to establish context. Then a method for triangular mesh neighbors tracking is introduced. To realize the context
consistency for Focus+Context technique, a layout method for the distorted brother nodes of the focus node is
presented based on triangular mesh neighbors tracking, and a recursive method for the children nodes of the focus
node is described. Experimental results show that this method can realize fisheye view and can achieve focus and
context consistency. The method has been applied to the interactive visualization of file systems, and an interactive
visualization tool is introduced.

Key words: HCI (human computer interaction); user interface; information visualization; Focus+Context;

triangular mesh; context-aware; file system

W B HGRTBEFERMEETME FocustContext AR 6948 X TAE Atxt i & B kAT & TAALE) X Z 1A, £
HEE TR 69 Fomh B4R T AT E T XA 449 Focus+Context R Z X TAULHE AR B 5, A& F oMo B #E7) 5
R AT S AT Z A PR 50 ik A BT R S E TG ARG AP R AR e B T XS A =
P ARARERIZ T ik b E R T A FTRELE T 5 LT X Bty B HHF F ik ABRAFRXFH AL
TRt BB ERHED F ik F I R A, EiR ik TILA L R k60 S RALE 49 F BT, 48 45 A U0 AR &
Focus+Context X Z X T AAC 44 b T X Bkn )RR, L3k 7 ik m Bl F 3 & il & B kA2 889 R E X T AL )28 #2435
TREXTHMNL THE,

+ Supported by the National Natural Science Foundation of China under Grant Nos.60673195, 60703078 ([H 5 [ S B2 % 42); the
National High-Tech Research and Development Plan of China under Grant No.2007AA04Z113 (I8 % i B R WF 9T & J& %1 (863)); the
National Basic Research Program of China under Grant No.2006CB303105 ([H % # st Ll if 57 & & #1 %1l (973)); the National Key
Technology R&D Program of China under Grant No.2006BAFO1A17 (I 5 BH 4 32 # i1 &1l)

Received 2007-07-04; Accepted 2007-11-20



3074 Journal of Software #4334k Vol.19, No.11, November 2008

EKEIR ANE LA P RE AT ST AL Focus+Context; = A B #%: E T X Rkn; XA 4 4%
P EES S TP391 XERFRIRAD: A

BEG T RAR L ARG AR 2 W 2 BOAR (K R T8 e 145 LA DUAF A0 R VR 38 e 25 Tk 485 ) (Tt PR g 28
SR 20 ORI FE AT TR 3R R R A A B 2 ) P S I R AR R — R e U SR IR S R SR A . 2R
RV B — P o B B £ 44, T XML SR tFENISCHER G W H 3% W oy BB R A Mg 1 2 kS
ST A AT R AN A AT R

J2 VAR JERTIA (10 75 325 5 B0y 1 DR A e A X 7 v P Y R v e A R 4 ) X
W) P JH B 2k Bl 4 B B A0 W SR J7 ¥, ConeTrees™ HyperbolicTrees™, DOITrees™ SpaceTree!® 4% .
ConeTrees [KIHR 5 s A7 = 4 2 ] o (19 T00308, 49 s 0 B AE JLAZT 2 R 07 1 Unix U R &L e (6 — 4
FHH N B 7 600 AN SCARIE 1A SO Fe b VE 2 1 Rk 7 55 . HyperbolicTrees 76— AN R TE 27 X 380 Py F X

BEFEAT B IR T PR 60 J5 /N1 i f% L. SpaceTree SR H B A4 i 15 A8 FLECARALAL B 5 A 10 Sk s 243 1)1 4
A VR T M s 0 11 J2 U K 2R (L 25 1) 0 D SR 1, ol A RS T P i 5 5 R P A 1
X 35k 78 9 43 Ay A XS0 85 7 v R A T X 1 78 ¥ Treemapt™ B B4 g a3 7 9 U202 i 8 () i B IX sl 1 78
1% Treemap 48— AMHLE 8o DX ) 70 O 2 A 7 IR 7R J6 719 ) (EA 5 7 AR BRI R, AN R T A2 L 4
1. Berderson 25 AW H i LA ek, F L T 7 T 0 PR AR K AR A I toh 2 AT 77 Bl HE 510 R 7 X 35k
[t 530 Balzer %5 NSRS Voronoi P41 J22 VA7 JEL RIS 1X 38R 76 725 10 24 1) R P S 20 v, 4 A PR 1 24 1) g
B SRR A5 S T AT T A 45 K 22 80 ) P SR 7 0 0 080 P 23 Bl B J2 T 4 g AR W 375 W 2 4 1 (X 2 75
VOSSR AR T A 11 22 J2 I PR 83 2 A5 R IR PR AR 3 g 22 A TG X 80, B B FE s — A1 25 M2 [ B
FR B 20 ot T 6T I PN T2 B A o TG 110 A ) DX SR 78 VR RE M8 6 A PR A 22 T N S AR R A AR I 2
UCE 1 2% 28t BT A (EL2 B 19 B H K 8 2 AR 22 50 2 B TR AR AU A5+ 0 R K A 2 7 kAT 13 T

JER G DA EL— A AM) 9 15 B 1) 2 1R — A L 3 1Y RS T VA RERS AR AT IR IX SN X541 100 7719 /i)
a2 A RAEAT AT 53— 7 1, B IR U7 VR RERS A AT IR S s s 1) A S LKA S (R B B s H A
JEBUHE 2 TR 2 T R AR /AN T LA W, T 0 ol A L A I PRI A% AT T AL 5 I Furnas™®
Card 25 NITH P 58 ELAR 3R R USSP A5 JLIRF (01 16 - 75 HR 2R Jd 0 6 A5 S A 10 40 00 P05 [ B, B 08 £ 5
BRI 1 mT Wk, O HLBE 08 SN A R BRSO R PR R AR Y LR S0 B — B . Focus+ Context 48
AT AR B AR A e IS ) 7 1) = B AR T8 Furnas! 'O HY T 48R (degree of interest, fi B DOI) ek itk

| F 3045 L (context) % Wi 4% /s Bederson! ¥ 5 Paek 2 H T 2 A K AT RAK IO AT LN T3 B 5 0 4 4 2%
2 WL 3 (1 A2 L 20 AT MK . Bedersont™ o 2L i £ B AT RLAK, I T T 8 H D O AS T3 AT LA Sarkar 2242
HE T 6 [ 45 44 1) Focus+Context 28 1. 28 AT KL 4 %02 45578, Darling!?® 55 Christiant® 47 2 W7 FH 44 s A0 320 41 ik
(¥ B ot T 45 4 R SCIBE ST i Focus+Context A2 T 3 AT Ak 45 A rp 19— > 3 22 1] 3, Gutwin?! Fedak %9,
Liu®1 % Carpendale 25 N\ 285 A48 B st FE vh 46 BT SCRRAS T T 58 ST 45 1 S M AT 7 W 5 3 oo x4 B
FOrEEATIR AT . PRER . FRVESS 7% % Focus+Context A8 L2 AT WAL H R HEAT Bt

A3 Focus+Context A8 H. 3 Al AAGE A A 138 52 2 AR 8 nT AL 25 T ik 22 [ T Ak 7 vk it A AR
Hi R 30N Focus+Context A28 B 20 AT A0 8 K A8 AS B R Hp 22 48 o T SO s, I 30 1) [ 1) A2 48 i AR
e VE 8 R AR AR AR, 1 T T HEAT AN DD HE A R AR I 3 ) 15 ) R 4 9 A AR, 5 350 0 B R SO — B i o
o) 50 A BT SN BT ST AL P s — P B R b T S A B I B[R] T AR [ SR B A % P
He I FR o B A 2R R [ 221 ] (] 5 T 2 D) R G 20 D% R 5 g — i A o) bR SO, BV I R A8 49 IR DR K.
Bl o A i) L ST ) A, B ATTAE A 00 18 B 7 9 O FE Atk ot O R AT A R 3 B T T O R T



& 5% K15 8.4 FocustContext X & X, T AL R 3075

SL BN SRR = A R R A0 S G AR AT A S (6 (5 2 ) ) 408 i O AR R T A DA 4 R R T VR BT TR
P 2R T = A 08 R £ MDD TR 81 5 32, A T S 1 P el R AR A0 8 S5 AR I SE HE A1 e 3 1 15, P 5
ARG 2 Tea) B A R ASE  FE HE Ji SE 0T = S0 TR R A 56 2R, S B 8 o [ 17 J2 ot o 4 e R ) B S — B ok 44
X LT SCIR KR ) L AR 1) R SO AR b FRATTEE Y T A1 R HR B [ AL I AR S T A L A
R, LR T iR e AT R AR e LB SRR 1R 8L ST AR ST K N S 3R W 3R Tk S S .

1 EFSMIBEHETIREDS = AMEEISHE

PATIAE SCHR[2] 9 7DD 1R HE 1 53 R A b 5 ROy AT = A WA 351 43 448 i) J2 50, 285 799 sk 2 ) — 4L [0 A
{(Ci,R)[i=1,2,...,N} , 1, C; 271 e o W2 15 (1 00 Ry R 78 49 % I [ 1) 2242, N3 1 AN L 1 506 3 AN
(fAIC A Cov Bl Cov [ Co)HEFIAT SR A L 5 W AH HLAMDT). 42 3 AN T o 453 3 PAT () s 2 L, AT 146t P 00 i
FAEN L EARE 10,9000 3 AN 4 L a3 8L iR L={ C1e>Cre>Ca¢>Cy} HIAC,CCa I N L
52 J5 A O(0,0). 45 2445 5 M R C AN, A TR G Us L IR 8) 2 BE 85 )5l O Sl IV R AL B A0 5] G 45 A
BT AN B AR AT AR 5 S L AR LK GO NI Sk Lo il R 25 R0 4R T A0 AN ) AR, T 2 T AT T HE A
et M 33K HLTEL SR 0 14D T A2 00 B RO a5 R AT BB (10 3t , LA b [ S IR — O ) AN i TR s Al K 1 B
R AESN ) B HEZ 1) I, B AT RO 3B AT = A A% 35 43,24 Focus+Context 28 B 3 WAL I sE g or B R 3.5
2 4L ff) Delaunay = 1 W% 3l 20 J7 VEAS 7], BATHE B 0 N S8 [ F) ot B2 o 3 25 A2 J = £ B A% AEAC,C,oCa JE i
EEEBATI I COmAT, B 1R C ARSI P AN B B Co B Cr, i 5446 L A7 T 15 Coy FIE Cpy 2 (8] 3853
WA Lon={ Co>Cr 1. oCrb , H 1, (n-m)2L. 401 & 1 7R AR OGEEL RO C 55 L AN B, A2 0BT ) = A
JERRE. B 1 P2 AR CpCs 5 Co b Lin TR 2 ANELL BRI ZMIEN LA IR Co i Lo PSS
SAEL BRI = AT R 24

Fig.1 Generate triangular mesh after a new externally tangent circle is added
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Fig.2 Algorithm of circle packing and triangle mesh generation
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Fig.6 Packing distorted circles by tracking triangular neighbors
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