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ABSTRACT
Thispaperdescribesamethodto managealargescalevisual
programfor avisualprogrammingsystem.Theconventional
two-dimensionalvisualprogrammingsystemshave a limita-
tion on theirexpressionof programstructure.

We implementa new general-purposethree-dimensionalvi-
sualprogrammingsystem“3D-PP” to makevisualprograms
moreexpressive. We apply thedirectmanipulationto oper-
atethree-dimensionalprogramelements.Programmerscan
describea large scalevisual programin an intuitive man-
ner. The programmerscan also executethe programwith
animatedrepresentation.

Keywords
3-D computerhumaninteraction,Direct manipulation,Con-
current logic programming,Visualizationof complex data
structures,Animatedpresentation.

Problemsof the Two-DimensionalVisual Programming
Systems
The conventional visual programmingsystemsmainly fo-
cusedon two-dimensionalpictorial programming[2, 5, 20].
A big problemis that two-dimensionalvisual programming
systemsfail to managea lot of pictorial programmingele-
mentsbecauseof thetightly restrictedareaof thedisplayof
a computer[4] (SmallScreenProblem).

Programmerscannotdescribea visualprogramwhosescale
is larger thana small toy-programwith a singlewindow by
usingtheconventionaltwo-dimensionalvisualprogramming
systems.Furthermore,theprogrammerscannotcomprehend
a largescalevisualprogramby usingtheconventionaltwo-
dimensionalvisualprogrammingsystemsbecausealargescale
visualprogramrequirestoo many pictorial programmingel-
ements[1] (ScalingUp Problem).

Objectiveof the Thr ee-DimensionalVisual Programming
System“3D-PP”
Our researchgroup [8, 11, 12, 13, 14, 15, 19] is doing re-
searchin the field of visual programming. We are inter-
estedin three-dimensionalvisualprogrammingenvironment
in particular[9, 10].

This paperproposesa new pragmaticthree-dimensionalvi-
sualprogrammingsystem“3D-PP” to solve both the“Small
ScreenProblem”andthe“ScalingUp Problem.”

Advantagesof Thr ee-DimensionalVisual Programming
System
Therearethefollowing threeadvantagesof three-dimensional
visualization:

1. Displaying Mor e in LessSpace— for a Lar ge Scale
Visual Program
Many visualrepresentationsof programstake a lot of space.
Although therearesomesolutionssuchasfisheye view [3],
thereis alimitation onexpressionof programstructurewhen
programmersdescribea largescalevisualprogramby using
two-dimensionalvisualprogrammingsystems.

The capability of managinga lot of programelementscan
beextremelyenhancedby placingtheprogramelementsinto
three-dimensionalspace.If
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programelementscanbeplacedinto three-dimensional

space.A quantitative changecancausea qualitativechange.

2. Realisticexpressionof Visual Program Structur e
The real-world we live in is three-dimensional.It is more
intuitive to constructa three-dimensionalvisualprogramen-
vironmentfor programmers.Theprogrammerscancompre-
hendthe syntaxandthe semanticsinformationfrom thevi-
sualprogrammoreeasilybecausetheprogrammerscangrasp
the relative positionsbetweenthe programelementsin the
three-dimensionalspace.Furthermore,three-dimensionalan-
imatedrepresentationof the executionof a visual program
is moreeffective for theprogrammersthantwo-dimensional
animatedrepresentation.

3. Capability of Flexible Layout
It is not alwayspossibleto arrangeprogramelementsin or-
der by usingthe two-dimensionalvisual programmingsys-
temsbecausecrossingor overlappingof programelementsis
unavoidable. The three-dimensionalprogramelementscan
bearrangedin orderbecausemoreflexible layoutis possible
in the three-dimensionalspaceby usingonemoredegreeof
freedom[17].



Programming Paradigm of “3D-PP”
“3D-PP” is basedon theconcurrentlogic programminglan-
guageGHC [21] which is oneof the high level declarative
programminglanguages. A declarative programminglan-
guageis suitableto be visualizedby a visual programming
systembecausevisual programmingis alsodeclarative. A
logic programminglanguageis alsosuitableto bevisualized
becausea logic programminglanguagerequirescompara-
tively fewer numberof programmingelementsthan a pro-
cedurallanguage.

Theclauseof GHC is composedasfollows:

predicates(arguments, ����� ) :- guard | body.

Boththeguard andbody cancontainmorethantwo goals.
Theprincipalprogramelementsof GHCareatom,list, input-
outputdata,goalandbuilt-in goal.

Theprogrammersof “3D-PP” candescribevisualprograms
asfollows:

Thr ee-Dimensional Icon
The visual programof “3D-PP” is built by combiningpic-
torial programmingelements.We preparethree-dimensional
miniatureobjectsastheprincipalprogrammingelementsmen-
tioned above (Figure 1). The three-dimensionalminiature
objectsare placedas three-dimensionalicons. When pro-
grammersclick oneof the three-dimensionalicons,thepic-
torial programmingelementappearsin thecenterof thewin-
dow. Theshapeof thethree-dimensionaliconcorrespondsto
its original pictorialprogrammingelement.

Figure1: Three-dimensionalicons.

Dir ectManipulation
Theleft sideof :- in thetextual GHC codeis visualizedas
a parentpictorial programmingelementin “3D-PP” (parent
goal). Theright sideof :- of thetextual GHC codeis visu-
alizedasa child pictorial programmingelementin “3D-PP”
(child goal). The visual programof “3D-PP” is composed
of hierarchicalnestingboxesof pictorial programmingele-
ments.

Whentheprogrammersmanipulatea three-dimensionalpro-
gramelementby usingamouse,theprogramelementshould
be moved in accordancewith the mousemovement. How-
ever, they have the difficulty to specify the position of the
programelementbecausethemouseis two-dimensional.To
solvethisproblem,weapplydirectmanipulationtechnique[18]
to operatea three-dimensionalprogramelement.Thedirect
manipulationisaoperationin whichprogrammers'operation
directly invokesthereactionof thesystem.

ExtendedDrag-and-Drop TechniqueBasedon the Direct
Manipulation
When a programmerdescribesa visual program,the pro-
grammeroften move a child goal into its parentgoal. The
child goal is insertedinto its parentgoal by using mouse
dropping.

Theconventionaldrag-and-droptechniqueis suitablein two-
dimensionalspacebecauseit is originally developedfor two-
dimensionalspace. The problemis that the drag-and-drop
techniquein three-dimensionalspaceisdifficult for program-
mers.Therearetwo problemsasfollows:

1. Lack of the information of depth: It is difficult for pro-
grammersto recognizewhethera child goal is collided
with its parentgoal or not in three-dimensionalspace.In
theprogrammer'sviewpoint (theleft partof Figure2), the
cylinder objectwhich is movedby mouseis collidedwith
the cubeobject. However, the cylinder object is not col-
lided with the cubein the otherviewpoint (the right part
of Figure2). Programmershave difficulty to inspectthe
informationof depthbecausethedisplayof a computeris
two-dimensional.

A programmer's viewpoint. Theotherviewpoint.

Figure2: Lack of theinformationof depth.

2. A far object is representedsmall: Three-dimensionalpro-
gramelementsareprojectedonatwo-dimensionalwindow
aftertheperspective transformation.Theprogramelement
which is far from theviewpoint is representedsmallerthan
theprogramelementwhich is neartheviewpoint through
the perspective view. Programmershave the difficulty to
drag-and-dropthegoalwhich is neartheviewpoint into an
othergoalwhich is neartheviewpoint becausesometimes
the rearsidegoal is hiddenby the front sidegoal (Figure
3).

To solvetheproblemsmentionedabove,weproposeextended
three-dimensionaldrag-and-droptechniqueto suit a three-
dimensionalspace.

We preparea planewhich restrictsthe movementof a pro-
gramelement(Figure4). Thenormalof therestrictive plane
is ������������������� . The restrictive plane is always parallel to
the display of a computer. When programmersmove the
programelementwhile holding down the left button of the
mouse,the programelementis moved along the restrictive



Figure3: The rearsideobject is hiddenby the front
sideobject.

plane. The programmerscan move the programelements
in the three-dimensionalspaceas if the programelements
areplacedin a two-dimensionalspace.Theprogrammersdo
not needto mind whetherthe goal which is beingdragged
is collided with the other goal to be droppedor not. The
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z
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viewpoint
ground

display

restrictive plane

Figure4: The restrictive planethat is parallel to the
display.

programelementis representedsemi-transparentlywhile it
is beingdragged.Otherprogramelementsarenot hiddenby
thissemi-transparentrepresentation(Figure5).

Figure5: Otherprogramelementsarenothidden.

Semi-Transparent Representation
The structureof the visual programof “3D-PP” is multi-
layered.A goalcancontainmorethantwo sub-goals.Oneof
thesub-goalscanalsocontainmorethantwo sub-sub-goals.
Whenthe scaleof a visual programbecomeslarge, the to-
tal numberof goalsincrease. If the total numberof goals
is too many, programmerscannotcomprehendor inspectthe

structureof the visual programeven thoughthe methodof
representationis three-dimensional.

Whenanobjectoverlapswith otherobjects,showing theob-
ject semi-transparentlyis effective [16]. By usingthesemi-
transparentrepresentation,the systemcancontrol the com-
plexity of theinformationpresentedto programmers.It isnot
alwaysnecessarythatall of thegoalsshouldberepresented.
Only apartof programshouldbeshown to theprogrammers
by usingthenestlevel of eachgoal. Thenestlevel of a goal
on which a programmerfocusesis Level 0, thenestlevel of
thesub-goalof thefocusedgoalis Level 1 andthenestlevel
of the sub-sub-goalis Level 2. The systemrepresentsthe
goalswhosenestlevelsarelessthanLevel 2. Therestof the
programis hiddenby usingthenestlevel filtering.

Accessibilityof the insideof a program structure
It is importantthatprogrammerscaneasilyexploretheinside
of thestructureof avisualprogrambecausegoodaccessibil-
ity of thestructureof theprogramcanimprove the thepro-
grammers'capability of comprehension.The goalswhose
nestlevel areLevel 0 arefocusedin default setting.Whena
goalwhosenestlevel is Level 2 is double-clickedby a pro-
grammer, thegoal is swelledandits sub-goalsandsub-sub-
goalsappear(Figure6). Thedouble-clickedgoal is focused
andits nestlevel becomesLevel 0. Whena goalwhosenest
level is Level 0 is double-clickedby a programmer, thegoal
is shrunk.Its sub-goalsarehidden.Thehierarchicalprogram
structureof “3D-PP” is accessibleby usingthis technique.

Combiningthesemi-transparentrepresentationby usingthe
nestlevel filtering andthe double-clickbrowsing areeffec-
tive to solveboththe“Small ScreenProblem”andthe“Scal-
ing Up Problem.”

Figure6: Thedouble-clickbrowsing.

SampleProgram

GHCsamplecode:begin

:-module main.
main:-primes(1000,LP),io:outstream([print(LP),nl]).
primes(Nth,LP):-gen_primes(AB,Ps),

pkup(Ps,Nth,AB,LP).
gen_primes(AB,Ps):-gen(AB,2,Ns)@lower_priority,

sift(Ns,Ps).
gen(abort,_,Ns):-Ns=[].
alternatively.
gen(AB,N,Ns):-Ns=[N|Ns2],N2:=N+1,gen(AB,N2,Ns2).



sift([],Zs):-Zs=[].
sift([P|Xs],Zs):-Zs=[P|Zs2],filter(P,Xs,Ys),

sift(Ys,Zs2).
filter(_,[],Ys):-Ys=[].
filter(P,[X|Xs],Ys):-X mod P=\=0 |

Ys=[X|Ys2],filter(P,Xs,Ys2).
filter(P,[X|Xs],Ys):-X mod P=:=0 |

filter(P,Xs,Ys).
pkup([P|_], Nth,AB,LP):-Nth=:=1 |

LP=P, AB=abort.
pkup([_|Ps],Nth,AB,LP):-Nth=\=1 |

Nth2:=Nth-1,pkup(Ps,Nth2,AB,LP).

GHCsamplecode:end

Thesamplecodeof GHCshown above is theprogramwhich
cancalculateandoutputthevalueof the1000thprimenum-
ber. Figure7 is thevisualprogramwhich correspondsto the
samplecodeof GHC.

primes is the goal which calculatesandoutputsthe value
of the 1000thprime number. gen primes generatesa se-
quenceof prime numbers.pkup picks up the valueof the
1000thprimenumberandtransferstoprimes. io:outstream
registerstheoutputdatafromprimes. Althoughgen primes
andpkup containgen, shift andpkup (recursive goal),
only the goalswhosenest levels are lessthan Level 2 are
represented.

Figure7: Snapshotof “3D-PP.”

Executionof Three-DimensionalVisual Program
“3D-PP” can visualizeboth the editing and executionof a
visualprogram.

a b

c d
Figure8: Executionof a visualprogram.

Figure8 is thesnapshotof theexecutionof thesamplepro-
gramshown above. Programmerscanexecutethevisualpro-
gramswhich aredescribedin thesamesinglewindow. The
executionprocessesarerepresentedfrom Figure8-a to Fig-
ure8-d with animatedrepresentation.

Figure8-a is the snapshotwhengen andshift aregen-
eratedafter the reductionof gen primes. gen generates
thesequenceof naturalnumbers.shift removesthemul-
tiplesof prime numbersfrom the sequenceof naturalnum-
bers.shift transferstheresultsto its sub-goal.Figure8-b
is the snapshotwhenfilter is generatedafter the reduc-
tion of shift andpkup. filter removesthe multiples
of two from thesequenceof naturalnumbers.Thevalueof
the argumentof pkup changesfrom 1000 to 999 because
a prime number(two) is generated.Figure8-c is the snap-



shotwhentheprimenumbersaretwo, three,five andseven.
The value of the argumentof pkup changesfrom 999 to
996. When the value of the 1000thprime numberis out-
putted,thevalueof theargumentof pkup changesto oneat
thesametime. Figure8-d is thefinal phaseof programex-
ecution.io:outstream registersthevalueof the1000th
primenumber(its valueis 7919)astheoutputdata.

Relatedwork
PrologSpace[22],VisuaLinda[6] and Cube[7] adopt three-
dimensionalprogramrepresentation.PrologSpaceis based
on a logic programminglanguageProlog. VisuaLindais
basedon a concurrentprogramminglanguageLinda. Cube
is basedona concurrentlogic programminglanguage.

PrologSpaceis built on top of VisualProlog. VisualProlog
is a versionof Prologthatprovidessupportfor X windows,
widget,three-dimensionalgraphics,animationandaudio.Pro-
logSpaceis composedof at leastfour panes.In this paper,
our visual programmingsystem“3D-PP” is composedof a
singlewindow.

VisuaLindavisualizesthestateof theprogramexecutionof a
concurrentprogramminglanguageLinda. Themulti-processes
andthetimeflow of theprogramof Lindaarevisualized.The
movementof theviewpoint in VisuaLindarequirestheoper-
ation of threescroll bars. Eachof the threescroll barscor-
respondto � , � and  coordinateaxis of three-dimensional
space. Manipulatinga scroll bar is not intuitive for users
when the userschangethe viewpoint. In this paper, pro-
grammerscanchangetheviewpointdirectlyby usingmouse
movementin “3D-PP.” VisuaLindadoesnotvisualizetheedit-
ing of aprogram.“3D-PP” canvisualizeboththeeditingand
executionof a visualprogram.

Cubevisualizesa nodeasa cube.Cubevisualizesa passage
of dataasa pipe. Theprogramof Cubeis executedafterthe
translationbetweena visualprogramanda textual program.
Theprogramof “3D-PP” is executedby “GHC engine”and
“GUI part.” Theexecutionspeedof “3D-PP” is fastbecause
“GHC engine”candirectlyexecuteavisualprogramwithout
any external systems. “GHC engine” doesnot translatea
visualprogramto a textual program.

Summary
Weproposeavisualprogrammingsystemwith three-dimensional
representation.We apply thedirectmanipulationto operate
a three-dimensionalprogramelement.We alsoapplytheex-
tendeddrag-and-droptechniquefor describingthe program
structureof nestingboxes.We proposethesemi-transparent
representationby usingthenestlevel filteringandthedouble-
click browsing to improve the both of the “Small Screen
Problem”andthe“ScalingUp Problem.” We implementthe
three-dimensionalvisual programmingsystem“3D-PP” by
usingthesetechniques.
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