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Chapter 3 introduced the bi-directional translation model, which is a common architecture for interfaces that achieves direct manipulation of abstract data algorithm animation. According to the
model, we created TRIP2 and TRIP2a, which are tools to support the development of interface
software. Using these tools, programmers can develop interfaces by writing only a set of visual
mapping rules. Nevertheless, it is still not easy for non-programmers to write visual mapping rules
properly, because they must be written in textual rules with no intuitive link to the target visual
representation.
To cope with this problem, we proposed a Programming by Visual Example (PBVE) scheme,
and developed two novel systems. The first was the TRIP3 system [88], which generates a visual
mapping rule set from a pair of ASR data and picture data. The successor of TRIP3 was the IMAGE
system [87], which can exploit multiple pairs of examples and supports the input of examples by
the programmer.
Although these projects were not the primary subjects of this thesis, they are reviewed here for
reference because they are projects performed within our group and have led to proposed solutions
to some of the issues with the TRIP2/TRIP2a systems described in this thesis. We describe these
systems briefly by citing examples of the generation of visual mapping rules from examples.

A.1

TRIP3

A.1.1

Overview

TRIP3 is an environment for generating visual mapping rules by providing an instance of intended
mapping, i.e., a pair of ASR data and their visual representation. This system is based on the
framework called Programming by Visual Example (PBVE), which is a framework for generating
visual mapping rules from a visualization sample.
Figure A.1 illustrates an example of generating a visual mapping rule with PBVE. The process
of generating rules consists of four steps:
1. Programmer's Input of Mapping Instance
The programmer inputs a pair of ASR data and the corresponding picture.
2. Extracting VSR
The VSR data are extracted from the drawn picture.
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3. Object Generalization
The objects in the ASR data and the VSR data are generalized.
4. Rule Generation
The system generates mapping rules using templates.
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Extracting VSR The second step is extraction of VSR data. The system extracts graphical objects
and geometrical relations from the given picture. In TRIP3, the programmer draws a picture in the
drawing editor, which is integrated with an incremental spatial parser. Every time the programmer
draws a new object in the editor, TRIP3 parses the picture and infers geometrical relationships
among the drawn objects. The graphical objects are also extracted from the picture at the same
time. The process is simple because the programmer selects a type of object before drawing, and
TRIP3 can easily infer the types of objects drawn in the editor.
For example, when the programmer draws a rectangle horizontal to the circle already drawn
as in Figure A.2, the spatial parser infers horizontal
relations between them. TRIP3 shows
inferred relations to the programmer in two ways. One is to show the relations in the TRIP3 drawing
editor. In Figure A.2, the inferred relations are represented as horizontal dotted lines. The other
way of presenting inferred relations is to list them in the confirmation window (Figure A.3). The
programmer can select relations from the list by checking the corresponding boxes. See reference
[88] for more details.

Figure

A.2:

TRIP3-picture

editor.

Generalization The third step is generalization of the ASR and VSR data extracted at the second
step. They represent a typical instance of the target mapping relation, and should be generalized to
make a visual mapping rule that represents more general cases.
For example, the ASR and VSR data extracted from the example illustrated in Figure A. I are
shown in the upper half of Figure A.4'. Each term represents a relation among a, b, c, and d, which
are instance abstract/graphical objects. To generate a visual mapping rule, they must be generalized
to represent various mapping relations between ASR and VSR data.
1In fact, more VSR

data are necessary for layout.

126

APPENDIX

A.

GENERATING

Figure

A.3:

VISUAL

MAPPING

TRIP3-confirmation

RULES

BY EXAMPLES

panel.

Figure A.4: An instance of mapping relation extracted from an example (above) and the generalized
mapping relation (below).
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converted to variables, which represent arbitrary objects.
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Data Structures

The method of generating mapping rules for recursive data structures is different from that for nonrecursive data structures. To handle recursive data structures, the system must determine which term
in the example is the recursive term. In addition, it is difficult to infer mapping rules for a recursive
data structure from only one example. To make mapping rules for a recursive data structure, at least
two examples are needed, one for a terminal case and another for a non-terminal case. In TRIP3,
the programmer specifies the recursive part explicitly using a special primitive graphical object for
drawing recursive parts of a picture. The programmer provides two examples, one for a terminal
case and one for a non-terminal case.
For example, when creating a set of mapping rules to map tree structure data to a tree, the
programmer draws example pictures as shown in Figure A.6. Figure A.6 (a) shows an example
picture for the non-terminal case. The programmer draws a small rectangle as the root of the tree
and two larger dotted rectangles as its children. Dotted rectangles are special objects that represent
the recursive parts of the picture.
TRIP3 assumes that each recursive part in a picture has a counterpart in the example ASR data.
The programmer uses the name of the rectangle (rec 0 and rec 1) to represent the recursive part of

(a)
Figure

A.6:

(b)
TRIP3-an

example

of tree drawing.
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the ASR terms (Figure A.7).

Figure

A.7:

TRIP3-ASR

example.

In addition, the programmer also has to provide an example for the terminal case. Figure A.6(b)
shows the picture, a rectangle named obj 6, for the terminal case. The programmer provides corresponding ASR data using the editor (Figure A.7). From these given examples, TRIP3 generates a
set of mapping rules for tree diagrams, which is shown in Figure A.8.
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The IMAGE system is the successor of TRIP3[87], and is based on the framework called Programming by Interactive Correction of Example. The problems of TRIP3 on which IMAGE has focused,
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The system automatically produces a series of example ASR data and displays the corresponding example pictures to the programmer. The programmer is only asked whether the
presented pictures are correct, and adjusts them if they are not satisfactory. Thus, the programmer does not need to decide what examples to provide to the system.

IMAGE is implemented on NeXT using Objective- C, Common Lisp, and the DETAIL constraint
solver[55]. See reference[87] for more details.
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1. [A]: First, the programmer inputs the type definitions of ASR as follows:
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2. [B]: According to the type definitions, the system generates the simplest application data
example for each data type. For example, the simplest data for the type man is:
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presented by the system. As shown in Figure A.10, the programmer drew a rectangle containing the string "wordl"
in the drawing editor. This is given to the system as a visual
representation corresponding to the ASR data presented to the programmer.
Note that the string "wordl " was prepared by the system and placed automatically in the
drawing editor before the programmer began to draw a picture. The system guesses and
prepares necessary graphical parts to draw a picture from the type definitions entered by the
programmer. The programmer uses these to draw a picture. In the above case, as the type
man has a string as an attribute, the system infers that a string object is necessary to draw a
picture.
4. [F]: The system infers a visual mapping rule for the data of type man from the drawn picture
and the corresponding application data.
5. [B, C]: The system visualizes a slightly more complex application data example using the
inferred mapping rule, and presents it to the programmer.
6. [D]: The programmer checks the presented visualization. In this case, the programmer is
satisfied with the visualization, so the rule generation for the type man is finished. As a
result, the system generates a mapping rule that maps between a rectangle with a string and a
term of type man.
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Figure

A.10:

Screenshot

of the IMAGE

system.

The value of boss is #1, which is the identifier of type man, and the value of staff
[#2,
#3] a list with length two.

is

As the mapping rule for man has already been generated, and the example dataset of type
organization
contains three identifiers of type man, the system prepares three mans for
drawing by the programmer. That is, three rectangles with a string are put in the drawing
editor (Figure A.11(1)).
The programmer uses these three rectangles to draw an initial visual representation of the
application example data (Figure A.11(2)).
S. [F, B, C]: The system generates the initial version of a mapping rule for the type organization,
uses it to visualize slightly more complex application example data, and presents the resulting
picture to the programmer (Figure A.11(3)).
9. [D, E]: The programmer checks the presented picture. As it does not satisfy the programmer's
intention, the presented picture is modified. In Figure A.11(4), the programmer corrects the
picture so that (1) the boss and the staff at the top are aligned horizontally, and (2) a line must
be drawn between the boss and each staff member.
10. [F, B,C]: The system re-generates a visual mapping rule based on the application example data
and the modified corresponding picture. Then, it displays the visual representation of more
complex example data visualized by the improved mapping rule (Figure A.11(5)).
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11. [D]: The programmer checks the presented picture. This time, the programmer is satisfied
with the presented picture, and therefore the generation of the mapping rule for the data of
type organization
is finished.
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Figure

A. 13: IMAGE -

set diagram

screenshot.

In the IMAGE system, the programmer should specify the type definitions of ASR . These are
used for generation of a series of ASR data examples. By presenting them one by one to the programmer, the system navigates and helps programmers to provide example pictures to the system.
Using Constraint Hierarchy
The visual parser and the visualization engine of IMAGE make extensive use of the constraint hierarchy mechanism[12]. Briefly, each constraint in the constraint
hierarchy system has a strength assigned to it. The constraint solver tries to satisfy as many stronger
constraints as possible. Therefore, the solver can naturally handle over-constrained systems. Underconstrained systems can be easily converted to over-constrained systems by adding stay constraints
that preserve the current value of each variable, so they can also be handled in the constraint hierarchy mechanism.
In the IMAGE system, this mechanism is utilized mainly in the revision of visual mapping rules.
That is, the corrections of visual mapping rules can be achieved simply by adding new stronger
constraints that arrange graphical objects.

A.3

Summary

This chapter described our approaches for interactively generating visual mapping rules. The TRIP3
and IMAGE systems, and examples of their use, were also described. In TRIP3 , the programmer
provides a pair of examples to the system, i.e., ASR data and the corresponding picture. TRIP3 generates visual mapping rules by generalizing the instances in the example utilizing various heuristics.
It is also possible to generate visual mapping rules for recursive data structures by providing examples for the terminal case and the non-terminal case. In the IMAGE system, the programmer can
provide multiple example pictures to the system. The system presents a series of example ASR data
and sample visualizations to the programmer, who then corrects them interactively,and they are fed
back to the system to improve the visual mapping rules.
The approaches taken in these systems have led to proposed solutions to the problems of TRIP2
and TRIP2a. Using these systems, the programmer does not need to write textual visual mapping
rules. In addition, programmers usually have to provide slightly different visual mapping rules and
inverse visual mapping rules. These are unified in the IMAGE system. The approach described in
this chapter should also be beneficial for PBE systems other than the TRIP systems.
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TRIP2a/3D
The TRIP2a system described in Chapter 5 displays only two-dimensional figures. There are cases
in which three-dimensional representation would be more appropriate. For example, using a threedimensional view is more natural to represent quad-trees that handle two-dimensional areas (Figure B.12). This section introduces TRIP2a/3D, which is a system for creating 3D animations based
on our model, and also shows several example animations constructed using TRIP2a/3D.
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The module vmr consists of a number of predicates named rule/2.

The first argument of the

predicate rule is a term defined in ASR1, and the corresponding VSR data are listed in the list
unified with Result.
The meaning of this rule is that the term defined in the first argument of
rule/2
is visualized as a picture described by the VSR predicates (graphical objects and relations)
listed in Result.
The module vmr consists of a number of predicates named rule/2.
The first argument of
the predicate rule is a term defined in ASR, and the corresponding VSR data are listed in the list
unified with Result.
The meaning of this rule is that the term defined in the first argument of
rule/2
is visualized as a picture described by the VSR predicates (graphical objects and relations)
listed in Result.
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Using these rule/ 2s in the vmr module, all ASR data are translated to VSR. After this translation, graphical constraints among graphical objects in VSR are solved together to determine the coordinates of graphical objects. To obtain the solutions of constraints properly, appropriate graphical
constraints must be provided so that the system is neither over-constrained nor under- constrained.
Over/under-constrained systems will cause an error and cannot output a picture.
Figure
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are visualized.

The ASR data of the tower

is:

where each argument (A, B, and C) contains a list of disks at the three possible positions. In this
rule, each disk is mapped to a cylinder that has a name (a to e). The three positions in which
disks can be placed are represented as three boxes (x to z)2. These disks and boxes are constrained
by nine graphical relations. Briefly, each tower represented by the three lists (at the arguments of
towers)
is placed regularly parallel to the y-axis.
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, which means that the object A should move circularly to its destination.
In this example, VSR predicates are enumerated directly in the list. However, rule/2 is only a
predicate that unifies VSR terms to Result. Thus, it is possible to write a rule that performs more
complex computations to generate VSR predicates.
B.2.2

The Naming of Objects

Each graphical object must have a name, which is specified at the first argument of predicates for
graphical objects in VSR. Ground terms such as symbols, lists, and structures can be used as names
for graphical objects. However, numbers cannot be used as names. Some examples are presented
below:
a, b, c, x1, y5, z10
1(10),
edge(a, b)
[a, b, c], node(a,
[b, c, d])
The names of objects are used for two purposes:
2In Figure B.2, these three boxes

are placed

close together

so that they look like a board.
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Graphical relations As mentioned above, graphical objects and graphical relations define pictures.
Graphical relations refer to graphical objects by their names in their arguments. An example
is presented below:

Animations

TRIP2a/3D

creates
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each

pair of successive

pictures.

How

objects are changed in the transition is determined by comparing the attributes3 of graphical
objects in each picture.
To determine which object in one picture corresponds to which object in another picture, the
name of the object is used. That is, if the names of two objects in two pictures are the same,
it is assumed that these two objects are identical.
Therefore, to animate objects properly, the programmer should maintain consistent names
of objects across the pictures. This usually requires application programs to maintain some
information for the names of objects.
For example, consider an animation of a sorting algorithm, where numbers to be sorted are
represented as bars (Figure B.3). To depict the swapping of numbers as the movement of
bars, each bar must have a corresponding value as its name (Figure B.3(1)). If the index of
the array is used as a name (Figure B.3(2)), the bar does not move but is shrunk/enlarged in
the transition.

(1)

(2)
Figure B.3: Two ways of naming objects.
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Abstract Structure Representation (ASR) is the input for the TRIP2a/3D system. To animate the
execution of an application, applications must output their internal data and operations in the form
3 such as the positions and the sizes
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Specification

To handle three-dimensional animations, Visual Structure Representation (VSR), which represents
the structure of pictures, is extended to handle three-dimensional pictures. The programmer writes a
visual mapping rule that maps abstract data to three-dimensional graphical objects and constraints.
The following are currently available graphical objects and constraints.

B.4.1

Graphical

Objects

These predicates represent 3D objects. Currently, their sizes, lengths, and colors can be specified,
but not their directions. Each object has its own coordinates (x, y, and z), which are calculated from
the graphical relations by which they are constrained.
sphere(Name,

Radius, Modes):

box(Name, Width, Height, Depth, Modes):

cylinder(Name,

Radius, Height, Modes):

cone(Name, Radius, Height, Modes):
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line(Name, Radius, Modes):

A line with thickness
determined
be used

Radius.

by a connect

The length
relation.

of a line cannot

If it is necessary

be specified,
to specify

as its two end points

length,

cylinder

are

should

instead.

word(Name, Text, Modes):

The string object Text

is displayed on the screen in 2D.

Modes The last argument of the predicates for graphical objects is Modes, which aims to specify
various attributes of objects. At present, only the color of objects can be specified. The method of
specifying colors is based on OpenInventor. The following values can be specified in a list at the
argument of material/i.

Please refer to the OpenInventor Manual[ 126] for the meanings of these terms. Note that the viewer
that uses Amulet ignores the type of values; i.e., only RGB values are important. Shininess and
transparency values are also ignored.
B.4.2

Graphical

Relations

Here, assume that NameList
= [obj1,
obj2,
obj3,...J.
nored in these graphical relations, but exist for future improvements.
x_parallel(NameList,

Modes):

Graphical objects listed in the NameList
y_parallel(NameList,

are arranged parallel to the x-axis,

Modes):

Graphical objects listed in the NameList
z_parallel(NameList,

Currently, Modes are ig-

are arranged parallel to the y-axis.

Modes):

Graphical objects listed in the NameList

are arranged parallel to the z-axis.
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Gap, Modes):

Graphical objects listed in the NameList
x-axis.
y_relative(NameList,

Gap, Modes):

Graphical objects listed in the NameList
y-axis.
z_relative(NameList,

are placed regularly at intervals of Gap along the

are placed regularly at intervals of Gap along the

Gap, Modes) :

Graphical objects listed in the NameList
z-axis.

are placed regularly at intervals of Gap along the

place(Name, X, Y, Z, Modes) :
A graphical object is placed at X , Y,
x_average(Name,

Z.

NameList, Modes):

An object named Name is placed at the average coordinates on the x-axis of the objects in the
NameList.
y_average(Name,

NameList, Modes):

An object named Name is placed at the average coordinates on the y-axis of the objects in the
NameList.
z_average(Name,

NameList, Modes):

An object named Name is placed at the average coordinates on the z-axis of the objects in the
NameList.
xy_circular(Name,

NameList, Radius, Modes):

The objects in the NameList
yz_circular(Name,

NameList, Radius, Modes):

The objects in the NameList
zx_circular(Name,

are placed circularly around the object Name in the xy-plane.

are placed circularly around the object Name in the yz-plane.

NameList, Radius, Modes):

144

APPENDIX

The objects in the NameList
B.4.3

Transitional

B.

TRIP2A/3D

are placed circularly around the object Name in the zx-plane.

Operations

Transitional operations are used for specifying the movements of objects in an animation.
specified, the default operation that moves the object in a straight line is used.

If not

move(Name, Modes):
This predicate is used to express how objects should be moved in an animation. The command
is specified in Modes, which is a list that contains one of the following types:
via(N, PList):
This specifies the relay points in this transition. PList
example,

is a list of N-1

points. For

means that the object obj 1 moves via the two specified points ((0,0,0) and (100,100,100)).
circuitous(v1(V1x, Vly, Viz), v2(V2x, V2y, V2z)) :
This specifies the tangent vectors at the start and the end of movement of the object.
vi /3 is the tangent vector at the starting position, and v2 / 3 is that at the ending
position. The path of the object is determined by the start/end positions and the two
tangent vectors. To calculate the path, the Hermite form of the cubic polynomial curve
is used [40].
from(Obj, ID), to(Obj, ID):
These are transitional operations that specify asynchronous movements. See Chapter 5.5
for details.
B.4.4

An Example

Figure B.5 shows a set of VSR data representing
the programmer
VSR predicates

the tower of Hanoi shown in Figure B.2. In fact,

has no need to deal with VSR data directly. Instead, the programmer
in the mapping rule to generate VSR data from ASR data.

B.5

Examples

B.5.1

N-Queen Problem

can write only

Figure B.6 shows two screenshots from the three-dimensional animation of N-Queen problem solving. A queen is represented as a yellow box. Queens to be placed are initially arranged at the left,
and are placed on the board one by one. Each placement of a queen is shown as the movement of
a queen from the left position to the position on the board. After a queen is put on the board, the
position covered by the queen is changed to red. In Figure B.6(a), one queen is placed on the board,
so the same horizontal, vertical, and diagonal row are red. In Figure B.6(b), three queens are put on
the board, and the positions that they cover are red.
The boxes representing queens are distorted when they are moved for placement on the board.
Figure B.7 shows how a queen is distorted when it is moving. The box is stretched in the direction
of movement in proportion to its acceleration.
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Figure

B.5.2

B.5:

VSR

data example.

The Tower of Hanoi

Figure B.9 shows the three-dimensional animations of the tower of Hanoi. In this animation, the
movement of a plate, although represented as a box, is exaggerated, which makes the animation
more vivid. In the same way as in the N-Queen animation, the moving box is stretched in the
direction of its movement in proportion to its acceleration. The visual mapping rule set for this
animation is shown in Figure B.1.

B.5.3

N-Body

Simulation

The N-Body problem is to simulate the behavior of N particles interacting with each other through
a long-range force such as gravity or Coulombic force. Figure B.12 shows a screenshot from the
animation that depicts the execution of a two-dimensional N-Body simulation program.
In the simulation, the program uses a quad-tree for handling the particles. The entire twodimensional space is regarded as a large square. The square is recursively divided into four parts by
dividing vertically and horizontally until each part has only one particle.
The simulation executes multiple processes, each of which has a quad-tree that represents particles in the two-dimensional space. In Figure B.12, two processes are executed in the simulation.
The left quad-tree is managed by one process, and the right quad-tree is managed by another.
However, each process does not have all the data from the tree. For example, the process corresponding to the right tree has the data represented as blue square nodes in the right tree. It does not
have the data represented as blue semitransparent nodes. The data from the left tree are represented
as red opaque nodes, and the process managing the left tree does not own the semitransparent red
nodes in the left tree.
When a process notices that it does not have some part of the tree, it asks the other process
to send data. This is represented as an animation consisting of sending a message represented as
a red sphere (Figure B.12 (a)(b)), and receiving of the data represented as a yellow square (Figure B.12 (c)(d)(e)). The received data are cached during the process. In Figure B.12 (f), the cached
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Figure

B.7:

7 queen

problem-distortion

technique.

APPENDIX

148

Figure

B.8:

A visual

mapping

rule set for the seven
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problem

solving
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Figure B.9: The 3D tower of Hanoi animation.
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(a)〜(e),

and received

also

the

white

the missing

data.
Figure
maps

B.11

the ASR

shows

part

data in Figure

Figure

B.5.4

Memory

of the visual

mapping

B.10 to the animation

B.10:

Input

ASR data

in Figure

B.12.

This

mapping

rule set

B.12.

list for N-body

animation.

Management

Figure B.13 shows a screenshot of an animation that depicts the behavior of a distributed shared
memory system in the COS operating system. See reference [39] for more details.

B.5.

EXAMPLES

Figure B.11: An example of visual mapping rules for 3D visualization: quad-tree (excerpt).
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(c)

(d)

(f)

(e)
Figure B.12:

An example

of 3D visualization:

quad-tree.

B.

TRIP2A/3D

B.5.

EXAMPLES

153

Figure

B.13:

An example

of 3D visualization:

cache.
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