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Abstract: Wide-Spread deployment for interactive information visualization is difficult. Non-Specialist users
need a general development method and a toolkit to support the generic data structures suited to tree, network and
multi-dimensional data, special visualization techniques and interaction techniques, and well-known generic
information tasks. This paper presents a model driven development method for interactive information visualization.
First, an interactive information visualization interface model (I1VM) is proposed. Then, the development method
for interactive information visualization based on IIVM is presented. The Daisy toolkit is introduced, which
includes Daisy model builder, Daisy 11V generator and runtime framework with Daisy library. Finally, an
application example is given. Experimental results show that Daisy can provide a general solution for development
for interactive information visualization.

Key words: information visualization; HCI (human-computer interaction); user interface; model; development

method; toolkit
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AAAE 589 Go— X FF ATAT LA - ik T — AR IR ) 69 R Z X2 & TAULIF L 75 ik Dasy. B4, 8 E T REX

z ,\,']‘%4{32?‘@4‘%*” IV M (interactive information visualization interface model); A& #2157 AF IIVM #9 X Z X 42
BT AUTE & 77 ik Daisy,iT#6 T & F ik A A S HANVM BAR SRR A R T k. A% 8 3h A s ik Bl AT,

+ Supported by the National Natural Science Foundation of China under Grant No.60673195 ([H 5 [ 4k F} 23 4>); the National
High-Tech Research and Development Plan of China under Grant No.2007AA04Z113 (I8 5 s 5 RWE Y & J& +1-%1(863)); the National
Basic Research Program of China under Grant No.2006CB303105 ([ 5% & s JEAliiff 5T & & 11 %11(973)); the National Science and
Technology Supporting Program of China under Grant No.2006BAF01A44 ([ 5 FH 3 i1-%1)

Received 2008-01-08; Accepted 2008-04-18



1948 Journal of Software #kf+% 3R Vol.19, No.8, August 2008

#487 Daisy THAR, 645 Daisy AL T B, Daisy A% A3y AR T AU BRBATHER HFE KB B T AL
ks TEAG R F ). FBEZ T R A X AR & AT K 694 — R AE 75 ik P AR AR — AP R 2 R

kFE.
KR A G TR AN IR P Rdm A L 7 ik T B4R
REESES: TP391 XEkFRIRED: A

15 JE AT WA B A b 56t e 5 A R B A8 T X n] WA 2 R TR X, B 1 A AT B2 245 L IR A R
SR AN TRRE L% . B . i B P35 stk g T LT 2 £ R AT WAk b s 268 1 20 KB R e
P T RERAE AR . . =4E. ZdE. B RG(E) . IR RUE SRR A BT AL
ARE L 20 BI% . 2 4805 AT ML B AR ok BT 5 34 D S 25 £ S AT R v (AT 45 43 B Bk 9 o 4
T RER A, 3 AT JE (dynamic query)® . 4 5 + 7 4 (overview+detail)'® . 7 # + 45 i (panning+
zooming)!®., 4 i+ I F 32 (focus+context) % 4% J% (distortion)! . 22 30 I % 16 0 8 (multiple coordinated views)!®
SRR B S BT LA R ) R R 45 e 2B A RE AR S5 I AT A A8 L 3UAE R TR B 1 T R
FI 25 18 K0 SR T, 2 1 2 A7 8 AT MR B 1 B o 55 SE BT AR -1 23 DR A (49100 Sk I 28 0 mp 5 S 160 2% o T L
PHAR . A H AR, AT (5 B TR S K & 5 P A B SR, O L B S R AT BB, R I
33K ) PR T B AT MK (4 40O R L 4% B AT AR AT & R A T P (e T ) R B4
— IR F R 7 REE 1) B L B3 b S B s 40Uk 1) 28 L XA S AT Ak B P % R T R PR X IR U A
% Y SRR R G — S FF 0 S P T AL R 5 A LR AR (0 48— S HE X B AT MARAT 45 10 45— 3 1 149t
G R M AT TR R AR I BB 5T op,— S O B S B — P B R TR B R IR 4R 2 4R
PR GE — (1 32 43— 38 2 D82 AR 3 0F T 2 W P IR W UKL 761 010 S 36— 35 43 (401023 AR AME 1 56 4% o
Htin AT A AR 5 28 HAH A 3 RE, (H 2 AR SR 22 30 B DG B R AL 1 i 2 S R

A 3R &) A T S ot S Bk il R AT w5 S22 () e S S, O 0 o A AR e . % A R AT AR 1 T
Y123 T SRR R (1 2 T % vk 2 T 17 A 5 R AR TR B 5 T 2 1) T )5 9 2 — P25 R SO R 0 )
TF 2 1 RBART 48 1 2 B aT AR B (0 B — I & 5 ik T 9 38 HE 17 A8 1 54 B Al A 5L i 5782 (i nteractive
information visualization interface model,f&#RI1VM);ZEF VMR H T 28 B X5 B oL T & J7 i:Daisy = Xt
TV I AN OB ANV MR 5 B3R SCPE A 7 . R GE E 8 L O AT 18R 3R A T S04 T HA B
Jei K LN T 0 M 1) 28 T 2 A S AT AR B T RS9 36 W Dai sy eSS A1 2 k. 4%, 2 4 S i 2 7
(1158 — SCRE A & R AL H AR 558 B A AR 10 G5 — SCRE 65 B T RAGAT 45 1 48— S5 H i T A 70 12 S
Treemap'®®, DOITree?”) CirclePacking!?®?® Radial Graph!® ScatterPlot’®! Fisheye Menu® Nested Circle Fisheye ™4
Sk

1 HXHR

S PTALACIE T SN T % . P S S A i e ik 5 5 J S 3 B e 7 A S TR T R R
15 AT AL A 0, 2 kA B AT AL R TR ) Treemap,DOI Tree,HyperbolicTree,ConeTree ;42 4i: {5 & n] ¥
W3 A 1 ScatterPlot,Parallel coordinates 4%; 19 44 15 5 iT LAk 7 () Radial Graph 4512 41560 7 6L il FLAK 1 3 4T
4% Bl 5 Wi (overview). 4iiji(zoom). it (filter). 140 7 % (details-on-demand). I (relate) %3 AF o8 H 42 T
KEREEAR, FEOFEHSL S, R+, R+, s+ BT B0, 2 K i
SRR AR E S TSR S R B E AR R R R ERE T — &5 775 T E TR — s 26
(1 22 T 3 A5 B AT R Ak B (0 T & 36 T I 4 T R AL (K L 4 Pad++, JAZZ1* Piccol o™, Graphviz™,
GV Pajek 014575 1 5 T H F T 2 4 vl WAL I LA Polarid ™ 483 . ik 75 1 5 T A A ) 3 — e s 11 5

e TATEEEET VM 28 B AUE B TG TR 77 723 i 44 4 Daisy” I 9% SO 434 AR N 1 L R A FR Ol Daisy 1 RLAR™.
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PEIM T FRATIR 1 Daisy 324012k WY, 24554 — 308,

HI P AR AN FbRAS B2 S 44 (conceptual - entity )V 4T i) WAL 40 BT I, 7 S04 12 M 12 S A4 B 4l — A
{5 K 22 10T P (multi-facet) K L o0 4 LA I 10 22 A5 5 00 T (Facet), B AN B U T2 5 H b 45 S 4 52 pR A
S (14 B S T AR B R LT AN R R S 1 4 AT SR A0 LA I R 2 R S
22 WL PR B W Y 160 PR 0 TR 060 436 PR P oo vl WA A5 S Py DA 0 B0 P i 6 22 00 P S 6 W R 2 O % 10 vk
5T H Y3435 Snap-Together!*,GeoVISTARY PRISMAPYAE |- ik 22 Jf 4 SC I 0 22 48 i T % 77 14 2 3 60k
5%t 26 A0 PR SR BIn U AL S 7D S B, R B B S P AT AL AR 5 A8 AT 45 (M B ME 48 B AT 14 /) Daisy #83%

SN

5 Daisy HARBCHHEEIT IS 1IVCI? Infovid® Prefuse!” ManyEyed ¥ & 114 & 7 #2404 38 I T & 7k 5
THAP & TP b g3 242 T A AT AL S IV CE AR5 b2 — AT B, e R et — il sk 5 TR
F.InfoVis T EIR . W&, 24844 72 T X AR MG —3CFr, 9F HIR4E T X Treemap,node-link
diagram, ScatterPlot %5 nJ #1 A6 5 DL R 6F 8l 25 38 1) 32 5 I nfoVis B 25 Pl il 3040 528 B A dsf 2585 g ST 244 )2,
FE A 3T I P IR 3R 35 1 A vt 95 A 4R 0 0 2 0 1l 1B By U WL 1 S 5 Prefuse T 17200 W%, 2 4E%dis
KAV T LT SUIL IS8 — S5 42405 T % Treemap,Hyperbolic tree,node-link diagram,ScatterPlot 25 r] #4k
Hyk UL K Fisheye Menu 48 T SV 0 S2 43 B2 0L T RN 4. REUE. VRN & 55T 45 10 52 £ . Prefuse it 4%
BT T — @ TR 3 38 R4 T I InfoVis B0 R 1 5k TR 4R Prefuse Jf AR $& 4t — MR IT K
FRBE, A A 6T 22 WR B S I W VA LR B2 418 v 25 SRR, 70 ) e A3 FH I 75 88 7 B P ook LA AR B AT 2% 5] 5T
& .ManyEyes [fii [ Internet HI 5 &AL T — AN FH T~ PRIA0RS) g 7 20w AR A D59 0 1 9 st A EG g 4 ) mT ALK S FH 8 9R
T A ez R RS R A R AR X 22 A I SG I B R AL AR ) SRR BRI RS RE SRR R I N A IV C,
InfoVis % Prefuse )% T Card 254 H (K45 5 0T WAk 2 2 B0 00 LKA i ) o 10— R 90 it i 5 L4 3 D £
PRSI 25 B9 AR R £ 1 A2 R R 454 5 R PP T R 5 A T 4R 3 AR T o A58 7 T 14 T 2% 170 55,471
RFERKEMBERRF IR TAES Bk Jiiks T AM N Daisy fEXCREZ IR M4, 2 4G 50m A 1) 2 Fi
AR 5 AT TR B B b S it T 22 ML I S I B TRTATL A6 P 2R3 S 4.

2 1IVM

2.1 [IVMiEA

5 5 THAS I BX )y 1R B0 A R 7 i se #& (A P TR R FRZEx 5 AN2H ot 3 BT 45 (user task). HI &
(user). 4TS5 % (domain). 4 (presentation). %1% (dial og) & FC BT 56 B AT IR Horh (T4, P R AT,
X % 6% JE T 5T R I Bl % 4 T 2 (abstract element), R AE . X i 0 2 W T A TR 1 B fA 2 T 2
(concrete element), EL &A1 i TG 2544 B T TS AT 1) 7 ST, TR S 2R 0K 2 (1 3K O RIS TR AR v 1) el G A
i TG % 5 LA £ AR G 3 2 ) (1 e S e 25T e AT R A iR [ 240 P £ S T A 25 A e A T A R T A A T A 7R
VM.

WIE LR, IVM i R SRR 5 ) 56 2R 2 k. 12 B AL 3 75 S BE 7R (information model , i Fk IM) £F45 #5%
7 (task model, f&i Bk TM)~ I J 4528 (user model, fj #k UM ). A #R Ak 2% 1iE A58 (visual presentation model, {& #k VM)
Xf 1 18 (dial og model , fii Bk DM).IM 5 85 3k 56 £ S THIAR 2 v (1) ST % AR 200, F -1 % 4tsle 7 o 190 4 I 2%
TG — N R BB AT 7538 A5 DR o — RV BN S S5 B A5 B S5 5 2 A5 BT A 3L 06
10 A A1 SO0 THI 4838 A B0 09 BRI A AE A JE IR 4 2 4S80 4 — SR AL M 2 35
AL 2 AR M o 4 3 (DataTable) (K37 & . TM X ATk I FH] o 10 A8 AT 45 BEAT ik A8 FLAT 45 et ik o — &
SR FAT S P IS T T5 R R HATS LAY 48 I8, FEAE . RS IEAT RER . UM 4 4T
A AT AR B 7 R P AT Hi R A8 o 28 5 2UE BT A AN AL P ST I S8 VM 3 ST 3
Tob A 700 16 T WAL 26 I 70 25 EAT A, 6035 0 WL IEI 25 28 . T RS54 (visual structure)™ ., 22 B 5  (3h A v 4 AL
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PR ) 5 VML A5 BT A 22 R O e 4 ) 5 0 (view) ) 477 DMt PP 7 58 AT 45 B
5 AT A RAE 2 18 (K 32 B 7 SRR T B 42 B %) HEA T 1

Conceptual models Entity models x
User Information model Visual presentation model g
model ‘ ViewContainer # 8
T
InfoConceptual Entity Vi aIS‘t . 4
isual Structure 3
‘ InfoFacet .g Spacial Substrate g
.g % GraphicalNodeSet %
E | DataNodesst ||| & GraphicalNodeRelationSet || | S
LL
- 5 -
E E ‘ DatahlodeRelationSt ‘ E Control Widget
> DynamicQuerySIider‘ ‘GraphicalNodeLegend‘
* 1-T mapping
Task model * V-D mapping
T-D - -
‘ MetaTask H MetaTask H mapping [ Behavior | [ Behavior | |

Figl IIVM
I = W =R S N R R 1 T it

VM I DM #3104 B 5 46 R LA He U 10 10 W@ AT ST Y 5 T A 28 1y LA 4 B e 38 BATTRR L 1 S 4
21 (entity model).IM,TM 2% UM 3 [ 2 B 2 385 VM A1 DM R) 237 il (1 S T, B 55 TR 284 ) 5 4R ot 22,
PATRRIL A 45 1 (conceptual model). 51 11, >4 i 7 45 2)) (DM) 2l A& i JE 46 %) ScatterPlot B (VM)EEHT B #1038
H AR E P LI R ScatterPlot P& Y s (1048 4k 12 Uy il B BT R AE (K145 )8 (IM), I FLIE ik 3 25 3o 3 45 11 B
i 53— 7 2 ) 3 1l 5 B ek B AT 45 (TM). VMY BITRE B 1) S0 ot T4 2 P s (5 R T 5AT4 3k 3
Xt I [ ST AT ARG R AE v AR FORHE 7 2 d A P o mT LA nT A R AE v A B 7 5 d ok sg ot
551 AT 55t B R 455 28 380 SE A AR 2R (1) C-E RS ) 1 (C-E mapping). 21 B 1 7R, 24 T % C-E BRI il 347
R, BATTH UM-IM BESF (U-1 mapping). IM-TM B3 (I-T mapping). IM-VM B (1-V mapping). TM-VM Bt
S (T-V mapping). TM-DM W5 (T-D mapping). VM-DM W (V-D mapping) kAT filiik .UM-IM 1t 5 HH - X6} 45 45
N HROAS TR P At al U5 i (s BT HE IR IM-TM B F 3858 4 A5 R0 T 75 2148 BAT 45 . IM-VM Bt
A E SRS 3 2l ALk RAE FI WL TM-VM BSR FH 538 28 BAT 45 A & 1) nT AL R AE. TM-DM 1t
S FE TR AT BT 25 00 I (K ) B AT BV 440 15 7 2.V M-DM B SR FE 1565 n WAk 6 A0 ] 420 1R 1 B A B 4% )
67 AT R A C-E WS A7 5 5 A S 240 TR ) R — 202 IM-VME I e f) A o B9 2 0 BV A e B9 2K
TS % ) ISR 5 PR 4 RO 0 e P WS R 29 50 53— 0 TM-VML LR 55 TM-DM ISR e 7 Js 74 55 i — 'k
2.

2.2 IIVME K TEIR

221 {5
{5 TR AR SN SR S 2 L RS S A D —ME B 2 T, B 2 A ORI R INME B
AT ZE 8 AT 0T E Y RS B Y ORI A AL N R IR s 2 YR AT Sk
EX 1(#EHET S (DataNode, & #7 DN). DN=(DNID,Attribute;, Attribute,, ... Attribute,). 3 41, DNID 2y $ 3 i
AR Attribute Sk 303 JE 1 Attribute=(Attr Name,,MetaData;), Attr Name, 4 2 i /M J& 1 4% :MetaData; b 7o 54l 2
7 MetaData;e { nominal ,ordinal ,quantitative} ,nominal 4 4% i f: £ %4 ordinal 4 Jiii 3 %4 ,quantitative A %5 fi %4,
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E X 23T & * Bk (DataNodeRelation, & #& DNR)). DNR=(SourceDNID, TargetDNID,Direction). JL 1,
SourceDNID FI TargetDNID i H #3475 sibr i1 ;Directione { direct,undirect} , & 7~ 17 5 JE ).

E X 3(1E EME (I nfoFacet, & #R 1F)). IF=(IFID,DNSet,DNRSet,DataSource). 3L 41, IFID k{35 E M [Hi A5 i1,
DNSet J2& 24 17 s 45 A DNRSet A B4 17 55 LI AE S DNSet il 5 2R W& 2 eS8 i e AT g —
HiIR DNRSet 1] X J= PR 9 45 28R 5 )0 1K) 50 R BEAT fl8 5 T 2 47 DNRSet=0. A It IF W LIS R P4
Z YRR AT 40— HiiR . DataSource i B U FE £ AR A% S SCAR SO . XML SR 6 R PR 4%

EX A5 B ME KB (InfoFacetRelation, & #7 1FR)). # SourceAttributeS 5 TargetAttributeS k{5 E I T
SourcelFID F1 TargetlFID W (K 5045 8 45 &, % PRS=SourceAttributeSNTargetAttributeS, #7 PRSI, I 5t 1
Attributee PRSFR {5 BT SourcelFID 1 TargetlFID 3¢+ Attribute [5¢HE 4 IFR=(Sourcel FID,TargetIFID,
Attribute,Direction).: 7, Directione { direct,undirect} .

E X 5(15 B4 &K (InfoConceptual Entity, B #7 1C)). 1C=(IFSet,|FRSet). H v IFSet {5 & i 4 &,
IFRSet o i B i G R AR 15

EX 6(E 2HEEI(IM)). IM=(1CSet). I H7,1CSet g {5 B & SR IES
222 ATMALERIERIRY

AP RAEAE B i 3 i B ) m AR AL AR TC 32 EAT IR , 3= 2L 0455 AT 400 45 1 4L 1 2 8 S R TG A8 B
PR, B A DE 4« WU v P 051 25 Bk AT DK Card 25 2 S AT R 45 ) mh 1) PR bac 40 o 0 R 2R 8 B TR 0
(GraphicalNode, i /i GN)5 871 £ < Bk (Graphical NodeRel ation, i B GNR), I T AT LAk 45 SR 55 T 4 4k &
F AT 27 W (1 e S 402 S 4% ARAR Bertin $22 H (9L W4 5 4% 2 (retinal variable)!™, Uk T (% 7% 4K (shape) . i €4
(color). K/IN(size). Jy I (orientation). £CHH (texture) S E A BT AR 3E J8 2k, 45t an s X

EX 7(E#T5 2). GN=(GNID,Label,Location,Shape,Color,S ze,Orientation, Texture). 2+, Label J& & 47 55
[ A S 7 AR 28 Location A2 T A s (A0 R v B

E X 8(E R & £ ). GNR=(SourceGNID, TargetGNI D, Direction). 77, SourceGNID 1 TargetGNID & J5i Al
H 1t BB 3 k511, Directione { direct,undirect} .

E X (A M EEH). VS=(VSID,Spatial Substrate, GNSet, GNRSet). H: 11, GNSet J¢ & 15 1t 2 & GNRSet /¢t |41
W e 4 4 Spatial Substrate by ¥ ] i, Spatial Substrate=(AxisSet), AxisSet J&#ll Axis HI4E & Axis=(AxisID,
AxisType, DNAttribute, ValueRange), AxisTypee { NoAxis,Nominal Axis,Ordinal Axis,QuantityAxis} , H: H ,NoAxis % 7
ToHh, T2 VRN ) 45 S5 2R K405 1) ] A1 45 44 . Nominal Axis,Ordinal Axis % QuantityAxis 3% 7 44 ] 2 8 . I 284
FBE R 3 Fhimt T 2 4 B 19 W] R 45 #4 . DNAttribute 2 %l N 6 5088 5 U8 Pk . ValueRange 2 4l 1 i (i
H£E.

TE X 10(#1 B & 2 (ViewContainer & #} VC)). VC=(VCID,Location,Size,VSIDy.}:# VCID &4 & & 2 b5 iR,
InitLocation Fl InitSize J& ¥ & 4% AT R4 & 5 K/ VSID & Al # gl i An 1A

EX 11(M E A 88 X BE(ViewContainer Relation, & #& VCR)). VCR=(SourceVCI D, TargetVCID,DNAttribute,
Direction). - #,SourceVCID Fl TargetVCID & Y5 Fl H (170 K 25 2% 47 1 ; DNAttribute J& JCBE & M, 5 15 B0 T DGk
a8 T AR R I

E X 12(3h 751 ¥ £ (DnamicQuerySlider, B #& DQS)). DQS=(DQSID,VSID,DNAttribute,ValueRange,Min,
Max)y. H:11,DQSID 2 #h A1 B4 4511, VSID 2 % DQSTE il () 7] 1L 45 K 47 1R, DNAttribute 2 1 T3 9 ) £l = 5
J&i P, ValueRange /& DNAttribute J& 45 7l ,Min T Max 2 & 1 B 98 3 ] e /ME R s K (E.

E X 13(#1 % B M & ] (GraphicalNodel egend, & # GNL)). GNL=(GNLID,RetinalProperty,VSID,
DNAttribute, Type,ValueSet). I # ,Retinal Property & #i i J& 4 ,Retinal Propertye { Shape,Color,Size,Orientation,
Texture} ;VSID &% GNL X 5 5 T #1 45 K4 K5 U1 ; DNAttribute & 1% GNL S & B B0 =5 550 M Type S 1% 40 5% Js 1k
)3 22 25 7 Typee { Continuous, Discontinuous} ; ValueSet 24 Retinal Property FH A1 7 .

ENX 14(AT L RAERERY). VM=(VSSet,VCCRSet,ControlWidgetSet). 3 41, VSSet J& 7] ¥l 45 #4414 VCCRset=
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(VCSet,VCRSety, & 11l 7% 2% 42 15 (VCSet) 5 il 7% 4% 5% It 42 5 (VCRSet); Control Wi dget Set=(DQSSet, GNL Set), /2
BT 18 2% 4 G (DQSSet) R AL 3 14 &1 9] 4 5 (GNL Set).
223 fEHHER

RSB FAT S5 Tt . FATLS5 IR FAT 25 20 B2 7 54T Rk R T 0] 8 A5 L v AAGAT: 45 i ik

TE X 15(F1F 5 (SubTask, & #R ST)). ST=(STID,MetaTask,,MetaTasky,...,MetaTask,).3: 41, STID & F1T-55 bx
iH;MetaTask; & AT ST I FE IS | TR 74745, B A I 71 A 7T /45

E X 16(1E &1 8Y). TM=(SubTaskSet,MetaTaskSet). SubTaskSet & 11T 25 f4 MetaTaskSet & J5il 14T 55454

X T AME IS T 1) AT B 20 R AT A AR 25 0, BT T e X

o STIDSet={ Overview,Pan,Zoom,Filter ByAttr DynamicQuery,Filter ByRetinal Property,KeywordSearch,Detail ,
RelateToFacet, FocusPlusContext} . Bl X {5 BN #0084, Bl BaE 35 S @i sh sl g, @ik
BT S B E I g8 OB AR, BT ATEAER . RN OCH T g, A S B S0 L

o MetaTaskSet={ Sel ectFacet,SelectNode, Layoutl nFacet, Shiftl nFacet, Scal el nFacet, SetAttr Range, Filter ByAttr Range,
SelectRetinal Property, Filter ByRetinal Val ue, SetKeyword, SearchByK eyword,BrowseNodeDetail ,Filter InRel atedFacet,
SetDistortRadius,FocusDistort} . B 1L £ (5 ST « e EHE 19 . SV b (5 ST | SP R 3k b 4 S 00 T
Ao AR BT BCE RO Y SR PRV R R EE A AT E . R R JE e e R e
fHiduE. BCEICHS . KRB ER, WP S E R EXBE S b i v, BRI R,

o SubTaskSet={{ Overview,Sel ectFacet,Layoutl nFacet} ,{ Pan,Sel ectFacet, ShiftinFacet} ,{ Zoom,Sel ectFacet,
ScalelnFacet} ,{ Filter ByAttr DynamicQuery, Sel ectFacet, SetAttr Range, Filter ByAttr Range} ,{ Filter ByRetinal Property,
SelectFacet, Sel ectRetinal Property, Filter ByRetinal Val ue} ,{ KeywordSearch, Sel ectFacet, SetK eyword, SearchByKeyword} ,
{Detail,SelectFacet, SelectNode,BrowseNodeDetail} ,{ RelateToFacet, Sel ectFacet, Sel ectNode, Filter InRel atedFacet} ,
{FocusPlusContext,Sel ectFacet, SetDistortRadi us,FocusContextDistort} .

224 PR

FH P RTS8 AR R A €, 03 AT IR

ENX 17(B P #EE). UM=(Userl DSet,RoleSet,User RoleMappings). H: 41, UserIDSet 42 [ /" 5 1R 4 4 ; RoleSet
S R o AU N FH b 0 P €6 4 G s User RoleMappings S 7 B R 5 A 4 1 S 4 4 User RoleMappingsc
User| DSetxRoleSet.

225 XfIEAEA

f U R TR ) R AT BB A IR AT AT W AT R IR

EX 18(XfiE#EE). DM=(DeviceSet,Behavior Set,DBMappings).H: 4, DeviceSet M FIAT B % 45 5 4, U0 i
Fr BESL. 2£%5;BehaviorSet JEA HAT NS, WA T HE % ;DBMappings &M EEAT B % % 528 HAT M T
5§} 4 4 DBMappingscDeviceSetxBehavior Set.

2.3 IIVMBRES K Rk

2.3.1 UM-IM i

UM-IM BRIk F - S 545 B B (¥ st fy) 2B RoleSet—I Cset. JE 1 L, fy=(Role-ICMappings).
Role-| CMappingscRoleSetx| Cset, /i RoleSet &5 1Cset WL 4E& . fuy 38 T A A H - M tm] o 1) 4 S A s
WA,
2.3.2 IM-TM Wi

IM-TM B S i 3R A5 SR AR 2 5 4T 45 A5 Y [ R SRT  frp A2 B | Fset— SubTaskSet. JE 2 _F, fir=(IF-STMappings).
| F-STMappingscl FsetxSubTaskSet, | Fset & 15 30 [ 48 2, SubTaskSet &t 11145 8 A fir Flid T 45 A5 B0 T 5 )
A A E B TR R 5
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233 IM-VM Wt

IM-VM B i iR 5 BB 5 n] A0 R AR AR B R U AT 3 A I iy, five X fivs.

fivi A& WY ICset—>VCCRset, i id 5 B ME & SE i 5 MBI AR/ K X BEE S Y . B L fiv=
(IF-VCMappings,| FR-VCRMappings). H: ' ,|IF-VCMappingsclIFsetxVCset, /& |Fset 5 VCset [ Wt 4 £ & ;
IFR-VCRMappingscl FRsetxVCRset, & |FRset 5 VCRset [ LS 42 4.

frvz A WL IF VS AT B 17 55 AT 10 &5 04 (R BRLSR  fip B0 G 3 A7 WS, 23 S0 48 A S5 0 D 5 T 400 465 4
VT s (AT S AT L ) e Sk B LT 1 e A0 R P 1 i

X, fiv.=(IF-GNNRMapping, | F-SSMapping,| F-RPMapping). H: o} :

IF-GNNRMapping #fi & 7 15 & 0 1 5 B 8 W & 8 A6 5 A0 & W B 4 IF-GNNRMapping=
(LayoutAlgorithmTpye).LayoutAlgorithmTpye & i J& & ¥ 28 &Y LayoutAlgorithmTpyee { Treemap,DOI Trees,
CirclePacking,Radial Graph,Scatter Plot,Parallel Coordinates,...} .

IF-SSMapping i i& {5 B M T 5 25 18] 5 6 B 5 . 1F-SSMapping=((Attribute;, AXisy), .. (Attribute, AXis,)).
Attribute S22 | NHH Axis X 10 1 R

IF-RPMapping #ii i& 5 B U 10 5 K& JB 3% & 1 W % 8 P B B 4 IF-RPMapping=((Attribute;,
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Fig.13 Modeling I1VM with Daisy model builder
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Fig.14 The system prototype generated by Daisy |1V generator
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