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Program Slicing on VRML and Its Use
HirosHl MARUYAMAR and KEIJIRO ARAKIf

VRML(Virtual Reality Modeling Language) is a programming language with promising
effectiveness in describing cyber space and multi-media data because of its real-time expres-
sive power for 3-dimensional objects. Concerning 3-dimensional design with VRML, kinds
of CAD tools can support static features in system developments effectively. But currently,
developments of dynamic features such as animation can not be supported well, thus the tasks
of debugging, testing, and behavior parameter adjustment are sometimes difficult. Program
slicing is an effective technique for many areas, e.g. debugging, testing and program under-
standing. We have applied such program slicing to VRML. In this paper, we analyzed VRML
program structures and features, then we studied what the VRML slices should be, and pre-
sented their definitions. Based on the recent slicing techniques of concurrent object-criented
programs, we considered some features peculiar to VRML behaviors, and defined various kinds
of dependencies in VRML. Finally we proposed some VRML slicing approaches based on such
dependencies. We applied the above approach to some examples, and implemented several
prototypes of support tools. Then we evaluated the effectiveness of our approach especially
in debugging, testing and parameter adjustments phases. Not only for efficient VRML pro-
gramming, we think our research results can be applicable to many areas like 3-dimensional
data analysis and understanding.
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DEEREREPH -7~ VRML 7077 65512, £
Bz VDG BHEL, RIA VI ETY. E, B
FEE® VRML 71 7 5 A LCER LeROE
BHiR~3B.

3.1 JoOreA TEEELTOTSLE

T VRML Fu S5 A0 L LT, FRICH
BYFEEFED 2HODORE VTEEHSELb0EE
2B, 20O0RENE, REVEESETET v bFA
FORME DA VAR R E LTHEET S, MHEROE
EENEAP D R TRETEHER DD IZS VDT,
2O FH e EEMO LG R R A2BEE L5
USE #FAWTHETTS. FRFLVIFZZ Y v I END
LB TR oIz E~RD., EORF VR TURT
2V vy b LmRosiFE B bR CREE
iz 90 EEEE S, HORY U CHLOHLRB.

O VRML 7u 75 A%EE 1R, BBICE
FIRE BT TS ATCRHBE, Tu AT,
USE Iz X ABIH L\ ol VRML (2381 587
ERFNTEY, —RELELELE TN, B
VIS ICETAMELELZS. E K1 TR, BE
F, TS ], [=1, I>) 2o E|EEEZ2TTY
B, ZOEERSEIBROTRHACEATELDOLDT
HY, TS FIO—EWTIHRNT & EBo TR,

=D VRML 7v 75 AFcxt3 2% VDG ZE 2
WIRY, DT, SEERIRE KA EORTRL
THY, RD IZEHICRETE DBBTHRLTNS.
Eh, BhLF~D ADE, KWROY— 7571
TRENBDTEBRL TG, &big, £y
NEELDBE/—FESLEERAL NS, Ihve
BT LEBOY =— 7 CREEmE, B3 oLEED
XHiE%5.

3.2 SEASAADRTERT A RREDILR

RSALAOHE LT, EORE Y, FROSMFEE
W B BHIZONWTDATA AERDD.

P, EORFY (/— FAEBTL) KON TOR
MRS A AE, BTLIZOWTDEBEEZEEL L, #
B VDG 2783 LREB. ZOBE, RFA R,
REyDTa NBAT, ERZLDAL U AREVRNPD
By, A4 ADEBITOT 1T T LD 46%I1T
Feote (1 I CITERIC T+] BEBONTVDHED).
TDRSAREEITTBRE, EAO10ORS VER
LOBRENEVE, EORFIVEI7 Vv ITDE,

VRML B3 270l LAT4 Y7 2O 57

VRML V2.0 utfé
ROTO PBT [ . .
ventOut SFTime timeON

DEF CYL Tramsform {
children [
Shape {

geometry Cylindexr{}

*

UBUSUSURURUR)

VVVVVVVYV
U

ks

B

->

-> DEF BTN _TouchSensor i&

i—; touchTime IS timel

=D ]

L4

#-> DEF BTS TimeSemsor {}

#-»> DEF BPI PositionInterpolator {

wem> key [ 0, 0.2, 0.4 1]

H=> keyValue[OO0,0-O.S0,000]

F->

o> OQUTE BTN.touchTime TO BTS.set_startTime
H=> ROUTE BTS.fraction_changed TO BPI.set_fraction
- ROUTE BPI.value_changed T0 CYL.set_translation
-

#=>
#-> Viewpoint {
%-> position 4 3 22

>}

~; DEE OBJlTinfgrm
-> rg%xa;%lgnl§n1 070
-> children.

~> Shape

-> geometry Box{}
->

IR

->

-> DEF TH1 TimeSeasor {} .

-> DEF 0I1 Orientationlmterpolator {

-> key [0, 1]

-> keyValue [ 0100, 010 ~1.57079 1

->

- I]SEF TM2 TimeSensor {} )

- DEF 0I2 OrientationImterpolator {

- key [ 0, 1]

- keyValue [ 01 00, 01 0 1.57072 ]

*:> Transform {

#->  translation 2 -2 4

s> children

x> DEF BT1 PBT{}

w=> }

Transform {
translation 6 -2 4
children

DEF BT2 PBT{}

i

Trgnsfoignt{ 0.5
rﬁ%ﬁﬁlénl%“o 051 8%0705
cal en
] USE 0BJ

-> KBUTE BT1.time(N TO TMi.set_gtartTime
-5 ROUTE THi.fraction_changed TO 0J1.set’fraction
-> ROUTE 0I1.value_changed TO OBJ.set_.rotation
- ROUIE BT2.timeQN TO TH2.set_startTime
- ROUTE TM2.fraction_changed TO 0I2.set_fraction
- ROUTE 0I2.value_changed T0 OBJ.set_rotation

1 VRML 7u 77 56
Fig. 1 VRML sample program.

RE BB ETIZEL.
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FEBRONTNBESY). TORTARERITTD L,
S DS b O RA R RIS R 2T OBER
FREh, HRFLO7 Y IRED, SMFEER
I EERTE B,

Rz, EORZ &7V v 73505 ETIBH
BHRDMFEICLONTONAT Y v FAFAAE
KRB, FTOETOERELT, HORF VLD
ROUTE XHMERENRPoTEDEEDNPDL, £O
RE b HROSHFHEOFES L/ (/ — FA
OBJ) ILE 3 —#D RD £ C VDG »HHIERT S &
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PROTO PBT

‘ﬁ“ ............................ ™

MD[
[ ged
Shape
P geometry_cha,nved

Cylmder

DEF‘ BTN TouchSensor
touchTime

< [DEF BTS TimeSensor

“Mset-startTime
[fractxon-changed

DEF BPI Positionlnterpolator

set-startTime
fraction_changed

)IROUTE BTN.touchTime TO BTS.set.startTime

B

VEROUTE BPl.valuechanged TO CYL.set.translation l :

A A BA S
5 i it

{ | [DEF TM2 TimeSensor

HROUTE BTS.fraction.changed TO BPIL set.s’car’chme| ,' :

Dec. 1999

DEF TMI1 TimeSensor
Vset.startTime :]
fractxon_changed - it

Y DEF OI1 OrientationInterpolator
set_{raction N

| <

[value_changed

“Bset start Time ]

." DEF OI2 Orlen‘ca,tlonlfntexpolator o
Ysetfraction ]

[value_changed

Transform
children_changed

DEF BT1 PBT L

timeON

..................... :

! [Transform

]children_chanped

DEF BT2 PBT

. [Transform

|chi1drerx_chan0'ed ; ‘ ‘

-}-B-Rw}\/iewp oint I

:\ JDEF OBJ Transform
.- ,;;set-rotation
’ lchildren.chansred

USE OBJ ]

.\ "WROUTE BT1timeON TO TMI set startTime l
! “ﬁROUTE TMI.fraction_changed TO Oll.set_fraction L e
_“:‘_’_ﬁROUTE Ol .value.changed TO OBJ.set.rotation | B

. "WROUTE B12.timeON TO TMZ.set_start Time

“. .‘ﬁROUTE TM2.fraction.changed T'O Oi2.set_fraction ’

- ﬁROUTE OI2.value-changed TO OBJ.set.rotation

2 TulS AT 55 VDG
Fig. 2 Static VDG for the sample program.
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NATY v RRG A ZADQFEOFMRITTTO T 2 7T A
D 70%Z72 Y (K 1IZ TR > EER2V TN
BE47), RACHROSLFEZDONWTOEMAT A R
W, 200 2% % S BICHIBRT 5 Z L3 TE T,
ZDRAFGARERITTBEL, EORE L EHRROMNT
e ® 2 OEFNREFREN, TOEORF DI Yy
7R, SHFERERFRICOREETES.
BLER, /MO VRML v 27 Aok UCEA
L7eflCchHsd. FD0THLRAFLED, FRED
BHMESTHE (fT82 L £75) DERBHD 250
HIThH, TRENICBOTREN B ICET 35
A5 A4 A (FFHIE SS), BLUR UHBRICET BN A
FU v FRSA R (ITEIZ HS) &2 RDIERZHR 11
R ST, ATV v FRAGA AL, F0E
NOFITREBIRBIED 5 OB L2 RS2 T 2172

$#1 VRML 777 AQFRECTHRT A 2 IR
Table 1 Slicing result for various sample VRML

programs.

## (L) | SS/L HS/L HS/SS
70 20%  70% 78%
151 55%  33% 60%
205 60%  49% 82%
Rz 68%  51% 73%

TEITEEREL L bOTHE., ZO/BEID, —B
AATY v FRSA REABHAT A AD 7 ERE
20, FRLOEEIITOT 0TS LOESBEITR
BILLEIRTE, AYTHDHEERD.
EHICERFEDT T 5E LT, EBRICEET
Bt oSS ACHELTCATA VT E2BAL
THT-. FhE, BOBEY I —F I TER S &
B OB RS 7T = A —3a VICTHFERT B LD T
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3 RIA TV IHABREE

Fig. 3 Integrated slicing environment.
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