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Abstra
t

This is the user manual of VIFID, a tool to visualize the data evolution of CLP(FD) programs.

VIFID is instrumented as a Prolog library whi
h uses T
l/Tk as graphi
 interfa
e, and depi
ts

in an intuitive way the state of the 
onstraint store at sele
ted points in the program. It

has been developed and tested under the X Window environment. It gives the user several

fa
ilities, in
luding allowing to post/unpost arbitrary 
onstraints during the exe
ution of the

program. Little penalty is imposed regarding exe
ution speed when visualization is turned

o�.

Resumen

Este es el manual de usuario de VIFID, una herramienta destinada a la visualiza
i�on de la

evolu
i�on de datos en programas CLP(FD). VIFID est�a realizada 
omo una librer��a de prolog

que usa T
l/Tk 
omo interfaz gr�a�
o, y muestra de un modo intuitivo el estado del alma
�en

de restri

iones en puntos sele

ionados de un program. Se ha desarrollado y probado bajo

en el entorno de ventanas X Windows. Ofre
e diversas posibilidades al usuario, in
luyendo el

a~nadir y eliminar restri

iones arbitrarias durante la eje
u
i�on de un programa. La velo
idad

de la eje
u
i�on de los programas que usen esta libraria apenas 
ambia 
uando no se est�a

dibujando a
tivamente.
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1 Introdu
tion

VIFID is a tool intended to prove di�erent visualizations of 
onstraint logi
 programs, aiming

at being used both for tea
hing and debugging.

The tool is implemented as a Prolog library whi
h provides spypoints, whi
h are pla
ed

in the sour
e program, so that ea
h time a spypoint is rea
hed, a set of windows shows

information about the 
onstraint store through the depi
tion of sele
ted variables, and 
ontrol

is transfered to a top-level window from where the exe
ution 
an be followed automati
ally

or step by step.

Ea
h value in the domain of a variable is represented as a square. A
tive values are shown

in green and the others in red (respe
tively, 
lear and dark grey in a bla
k and white pi
ture).

A line of squares represents the whole domain of a variable (Figure 1).

1 4 6532

X

Figure 1: Domain of a variable

User 
onstraints 
an be added at runtime either by 
li
king with the mouse on an a
tive

value of a variable, or by hitting the \Input user 
onstraint" button and typing in the 
onstraint

in the window whi
h pops up.

The 
urrent implementation supports only �nite domains. It is planned for the future to

be integrated with APT [Lue97℄.

This manual is organized as follows: Se
tion 2 des
ribes the main environment; Se
tion

3 shows the di�erent visualizations 
urrently implemented. Se
tion 4 des
ribes how to post

and unpost 
onstraints. Se
tion 5 
ontains an example in whi
h the 
apabilities of VIFID are

shown. Finally, Se
tion 6 is a list of the software needed to use VIFID.

2 Starting a session

VIFID is available as a library module whi
h is a

essed by using the dire
tive:

:-use module(tra
e
lpfd)

There are some predi
ates (init state/3, show state/2, show state/1,

final state/1) whi
h must be added to the sour
e program for visualizing �nite domain


onstraints. See examples in Se
tion 5.

init state/3 
reates the main window and initializes the internal data stru
tures with the

variables used in the 
onstraints and their initial domains. It also initializes all the

global variables used during exe
ution. It has 3 arguments: the 
onstrained variables,

the names of those variables, and a free variable where an internal stru
ture is returned.

show state/[1,2℄ a
ts as breakpoint whi
h transfer 
ontrol to the 
ode of the visualizer.

show state/2 
alls internally to show state/1, but it also adds a label to that break-

point.

UPM | Department of Computer S
ien
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�nal state/1 tells the visualizer 
ode that the exe
ution has �nished.

Upon rea
hing init state/3 the main window of VIFID appears; this window is divided

in two parts: the button area and the visualization area.

Figure 2: Button area

Figure 3: Visualization area

The button area, in Figure 2, allows triggering the di�erent a
tions that 
an be performed

during program exe
ution. Buttons are enabled/disabled depending on the exe
ution point, in

order to prote
t the program from in
onsistent states. In the visualization area (see Figure 3)

the user 
an sele
t some (or all) of the visualizations implemented. Cli
king on a visualization

at the visualization area of the main window has the same e�e
t as 
li
king on the \Close"

button when that visualization is a
tive. If it is not a
tive when sele
ting it, a new window

pops up, and the next breakpoint will show domain values of the variables in it. We will

des
ribe all the visualizations and their meaning in the next se
tion.

Figure 4: Main window

Report No. CLIP3/98.0
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Pressing the \Start" button, after sele
ting some visualizations

1

, initializes the environ-

ment. Then the visualization windows pop up and they show the variables and their initial

domains. The exe
ution is then stopped until a button is pressed.

Now we must sele
t the exe
ution mode. There are three buttons whi
h sele
t the exe
u-

tion mode of the program:

� \Stop on next breakpoint": ea
h time a show state/1 or show state/2 predi
ate is


alled, the 
urrent domain of the variables is drawn in the a
tive windows and the

program exe
ution waits for a user a
tion. This is the initial exe
ution mode, 
alled

Waiting.

� \Draw only on next breakpoint": when the predi
ates show state/1 or show state/2

are 
alled, the 
urrent domain of the variables is drawn in the a
tive windows, and the

program 
ontinues until the end of the exe
ution, or until the \Pause" button is pressed.

This exe
ution mode is 
alled Drawing.

� \Ignore breakpoints": the predi
ates show state/1 and show state/2 are ignored. The


urrent domain of the variables is not redrawn, and the program goes on until the end

of the exe
ution or until the \Pause" button is pressed. This exe
ution mode is 
alled

Skipping.

The 
urrent exe
ution mode is shown in the main window at downleft. In the Waiting

mode the following buttons (and asso
iated a
tions) are a
tive:

� \Input user 
onstraint": a window appears and the user 
an type a 
onstraint in it (see

Se
tion 4 for further details). When the 
onstraint is posted the 
urrent domains of the

variables are drawn in the a
tive windows.

� \Reset": 
onstraints externally added by the user, and whi
h were not 
ommited to, are

unposted, and the 
urrent domain of the variables is redrawn.

� \Commit": 
onstraints externally added by the user are validated and 
annot be elimi-

nated. After this button is pressed, the \Reset" button has no e�e
t.

� \Refresh": the 
urrent domain of the variables is redrawn in all the a
tive windows.

If the exe
ution mode is Drawing or Skipping the user 
an only press the \Pause"

button. When that is done the exe
ution mode 
hanges to Waiting and the tool listens

again to the rest of the buttons in the panel.

There is also an \Exit" button whi
h 
loses all the windows and stops the exe
ution at

the 
urrent state if it has not �nished yet. At the bottom of this main window there are two

state labels:

� Exe
ution mode: shows the 
urrent exe
ution mode (Waiting, Drawing or Skipping).

� Status: shows the label asso
iated to the breakpoint

2

more re
ently exe
uted. Error

messages that 
an appear while 
onstraints are being posted are also shown here.

1

The visualizations used during program exe
ution 
an be sele
ted/desele
ted at any moment at runtime.

2

Only if the show state/2 predi
ate is used.

UPM | Department of Computer S
ien
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3 Visualizations implemented

There are four visualizations in the 
urrent implementation of the tool. This se
tion will

explain what is shown in ea
h of them and how user intera
tion is performed.

As explained in Se
tion 1, ea
h value in the domain of a variable is represented by a

square. A line of squares represents all the possible values of a variable. A green square

means that value is still a
tive, i.e, a value not yet removed from the variable domain; this

value is 
urrently a possible solution. A red square means that that value does not satisfy the


urrent 
onstraint store (see Figure 1), and therefore it has been removed from the variable

domain.

The leftmost square represents the minimum value of the domain of a variable, while the

rightmost square represents the maximum one. The rest of the values are sorted in as
ending

order.

All the visualizations have a \Close" button that destroys the window when 
li
ked on.

At startup, the windows resize automati
ally to a

omodate the visualization. However,

the maximum initial size of ea
h window is limited to 800�600 pixels.

3.1 \Variable History" visualization

This visualization represents the history of the sele
ted variables as the program exe
utes,

keeping a time-oriented tra
k (Figure 5).

Figure 5: Variable history visualization

The line of squares that appears on top of the displayed area represents the 
urrent domain

of the variables shown, and the name of the variables (given in init state/3) is shown below

this line. The rest of the lines show the domains of the variables at ea
h breakpoint 
all.

Time is shown verti
ally, running from top to bottom.

Some i
ons may appear on the left of the variable history depi
tion, namely:

� a hooked arrow, meaning ba
ktra
king. A failure has happened due to an in
onsistent

state, and a previous state is re
overed and exe
ution restarts there.

� a brown dot, meaning that this line was expli
ity redrawn. This is done in order to

mark lines whi
h do not follow the normal sequen
e of exe
ution, but rather that those

lines have been drawn in order to make all visualizations 
onsistent.

Report No. CLIP3/98.0
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When the program �nishes the bottommost line shows the �nal domain values (and the

top line too). At the end of a su

essful 
omputation, all domains have (usually) be
ome

singletons.

There are also s
roll bars to navigate through the displayed area: this is needed if the

number of variables and their domains displayed are bigger than the size of the window.

3.2 \All Vars" visualization

This visualization represents the 
urrent domain values of the variables inspe
ted at ea
h

breakpoint.

Figure 6: \All variables" visualization

The 
urrent domain rendered is the solver domain. This means that it has been obtained

using CLP language primitives, and it re
e
ts the internal idea of the solver about the 
urrent

domain of the variables, whi
h is not ne
essarily the most 
onstrained one.

Ea
h line represents a variable with its name at the right. A status line appears at the

bottom of the window. Two messages 
an be written to this area:

� 
onstraint(variable,value): it is shown as the result of posting a user 
onstraint

when the user 
onstraint is pla
ed by 
li
king on a square of the depi
tion. The value

removed from the domain of the variable is displayed.

� Failed 
onstraint: a 
onstraint whi
h would have made the 
onstraint store to be

in
onsistent has been posted.

3.3 \Enumerate All Vars" visualization

This visualization is similar to the \All Vars" visualization, whi
h was des
ribed before. The

di�eren
e between these two visualizations is how the 
urrent domain of the variables is

obtained. In this 
ase, the domains are a

essed by enumeration: ea
h possible value of the

variables is tested for 
onsisten
y, and only those values 
onsistent with the store are reported

as su
h. This visualization has been implemented in order to show the solver 
ompleteness

(as it 
an be observed when 
omparing Figure 6 with the visualization in Figure 7 whi
h


orresponds to the same state of a program). \All Vars" shows the internal domain values

of the solver, while \Enumerate All Vars" 
al
ulates whi
h of these domain values 
an be a

solution in the 
urrent 
onstraint store be
ause they satisfy all 
onstraints.

UPM | Department of Computer S
ien
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Figure 7: \Enumerate all variables" visualization

3.4 \2-D Plot" visualization

This visualization shows the relationship between two variables.

Figure 8: 2D Plot visualization

The window for this visualization (Figure 8) 
an be divided into three parts:

� Sele
tion area: the variables to be depi
ted in the 2-D visualization 
an be 
hosen here

(see Figure 9). There are three labeled lines. The �rst line shows the name of the

variables we 
an inspe
t (those whi
h were initially sele
ted). The se
ond line allows

sele
ting the variable to be displayed verti
ally; and the last one is used to sele
t the

variable whi
h will be displayed horizontally. Ea
h time a variable is sele
ted to be

represented, the grid is modi�ed to re
e
t the 
urrent values.

� Grid area: This is the main part of the window. Here, the 
urrent domain values of

two variables are displayed. One of the domains is printed verti
ally and the other one

horizontally, with the names of the variables beside them.

The leftmost line (verti
ally) and the bottommost (horizontally) represent the 
urrent

domain of the variables as kept by the solver. These values depend on solver 
omplete-

ness, and are obtained by a

essing CLP language primitives, as in the representation

Report No. CLIP3/98.0
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Figure 9: Sele
tion area

\All Vars" of se
tion 3.2. The lines pla
ed by them, pro
eeding inwards, represent the


urrent domain values of the variables. These are obtained by enumeration; so there

must be the same or less a
tive values in this lines than in the previous ones. In those

lines the values are sorted bottom to top and left to right.

A grid made up of squares is en
losed by the two axes, and represents the relationship

between the variables sele
ted. The grid is worked out by enumeration.

Figure 10: Relationship between two sele
ted variables

In this area it is also possible to post 
onstraints (see Se
tion 4 for further details).

� Status line: the last a
tion performed in the window is displayed here. Three di�erent

messages 
an appear:

{ ``show vars(A,B)'' means that A and B are the last variables sele
ted to be

drawn in the grid area. The domain values of these variables and the relation-

ship between them are displayed. Variable A is shown verti
ally and variable B

horizontally.

{ ``
onstraint(var,value)''. A new 
onstraint has been posted by 
li
king on

the square that represents an a
tive value of a variable. This message tells us that

value has been removed from the domain of the variable.

{ ``Failed 
onstraint''. A 
onstraint in
onsistent with the 
urrent store has

been posted. The 
onstraint store is not a�e
ted.

UPM | Department of Computer S
ien
e
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4 Posting and unposting 
onstraints

Constraints other than those present in the program 
an be added (and removed afterwards)

from the 
onstraint store. There are two di�erent ways of doing that:

� When the \Input user 
onstraint" button is 
li
ked on, a new window appears, as in

Figure 11. In this window, 
onstraints 
an be typed in, using the same syntax as in

the sour
e program, and with the names of the variables as appear in the visualization.

When the \Return" key is pressed, or the \OK" button is 
li
ked on, the 
onstraint is

added to the store, and all the a
tive visualizations are updated.

Figure 11: Add a user 
onstraint window

If an invalid 
onstraint

3

has been typed in, an error message appears in the main window.

If that 
onstraint 
auses an in
onsistent state in the 
onstraint store an error message

appears in the VIFID main window again.

The other windows remain blowed when the \Add a 
onstraint" window is a
tive.

� Inequality 
onstraints 
an be more easily posted just by 
li
king on any of the squares

that represent the domain of a variable. When one of these squares is 
li
ked on, an

inequality 
onstraint (variable `X' 
annot be equal to value `V'

4

) is posted. This 
an

be done 
urrently when visualizing \2-D Plot", \All Vars" and \Enumerate All Vars".

When a square with an a
tive value is 
li
ked on, its 
olor turns to bla
k to show the

value 
onstrained. Then, if this 
onstraint a�e
ts other variables, the values removed

from the a
tive domain of the a�e
ted variables will be shown in yellow (see Figure 4).

This helps in depi
ting the relationship between variables. Of 
ourse, the 
onstraint

store must be 
onsistent. Otherwise, a message appears in the status line, and the


onstraint is not added to the store.

These 
onstraints posted at runtime may be meant to 
he
k a state, in whi
h 
ase we do

not want them to be e�e
tive any longer. In that 
ase, the \Reset" button 
an be pressed to

eliminate the newly added 
onstraints. If you go on exe
uting instead, these 
onstraints will

not be removed when the \Reset" button was pressed.

5 Example

This is an example of how a program 
an be instrumented for its use with VIFID. The

program we are going to use is in Figure 13.

3

We 
onsider a 
onstraint invalid when it has a syntax error, any variable does not exist, ...

4

`V' is an a
tive value of the variable, represented by a square, where the user 
li
ked on.

Report No. CLIP3/98.0
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Figure 12: Posting a user 
onstraint by 
li
king on the domains of the variables

This program 
al
ulates the lo
ation of N queens on a N�N board so that they do no

atta
k ea
h other.

The main predi
ate is queens(+N, -Qs). N is an integer with the size of the board and

Qs is a list with the lo
ation of all the queens.

The usual sou
e 
ode has been enri
hed with dire
tives to load the tra
ing library

(use module(tra
e
lpfd) in the se
ond line), and with 
alls to primitives aiming at showing

the state of the variables.

The 
alls init state/3, show state/2, show state/1, final state/1, marked with a

')', initialize the environment properly and show the domains of the variables in the a
tive

windows at the points we are interested in showing them.

The predi
ate 
onstrain values/4 initializes the domains of the variables and posts the

needed 
onstraints, visualizing the 
onstraint store every time a queen is 
onstrained against

the rest.

The predi
ate my labeling/3 is used instead of labeling/2 to obtain the solution of the

problem. A 
all to show state is issued after every step in the enumeration, to show the

domain of the variables while the solution is being generated.

After loading the 
ode we exe
ute the query:

?- queens(8,Qs).

Then a window as in Figure 14 appears. We 
an sele
t here the visualization(s) we want

to use during the exe
ution and then press the \Start" button. The main window will be
ome

as in Figure 4, and the visualizations sele
ted appear as in Figures 15, 16, 17 and 18.

By 
li
king on the \Stop on next breakpoint" button, we 
an see di�erent snapshots of the

exe
ution. Figures 19 and 21 show the relationship between two variables in two di�erent

exe
ution moments. Figure 20 (whi
h resembles very faithfully the 
hessboard in whi
h

queens are being pla
ed) shows the domains of the variables from the point of view of the


onstraint solver. Finally, Figures 22 and 23 highlight the di�eren
es between visualizing a

solver-maintained domain and a enumeration-obtained domain. It 
an be observed that the

\Enumerate All Vars" visualization shows less domain values of the variables than those in

\All Vars" visualization, due to the di�erent methods used to get the domain values (see

se
tions 3.2 and 3.3); this di�eren
e 
an be used to a
quire an intuitive idea of the strength

and a

ura
y of the internal FD solver.

UPM | Department of Computer S
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:- use module(library(
lpfd)).

):- use module(tra
e
lpfd).

queens(N, Qs):-

queens(N, Qs, [℄).

queens(N, Qs, Type):-

) list of vars names(N, Qs, Names, 1, N),

) init state(Qs, Names, St),

) show state(St, 'initial'),


onstrain values(N, N, Qs, St),

) show state(St, '
onstrained'),

all different(Qs),

) show state(St, 'All different'),

my labeling(St, Qs, Type),

) final state(St).

my labeling(St,[Q|Qs℄,T):-

labeling(T,[Q℄),

) show state(St, labeling),

my labeling(St,Qs,T).

my labeling( St,[℄, T).


onstrain values(0, N, [℄, St).


onstrain values(N, Range, [X|Xs℄, St):-

N > 0,

X in 1 .. Range,

N1 is N - 1,


onstrain values(N1, Range, Xs, St),

) show state(St, 'step in 
onstraining'),

no atta
k(Xs, X, 1).

no atta
k([℄, Queen, Nb).

no atta
k([Y|Ys℄, Queen, Nb):-

Queen ℄= Y + Nb,

Queen ℄= Y - Nb,

Nb1 is Nb + 1,

no atta
k(Ys, Queen, Nb1).

Figure 13: N-queens sour
e program

Report No. CLIP3/98.0
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Figure 14: The main window

Figure 15: Variable History visualization at the beginning
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Figure 16: \2-D Plotting" visualization at the beginning

Figure 17: \All Vars" visualization at

the beginning

Figure 18: \Enumerate All Vars" visual-

ization at the beginning

Figure 19: 2-D plotting visualization while adding program 
onstraints
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Figure 20: All vars visualization before labeling

Figure 21: 2-D plotting visualization before labeling

Figure 22: \All Vars" visualization

while labeling

Figure 23: \Enumerate All Vars" vi-

sualization while labeling
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As explained before, there are two ways to post 
onstraints: dire
tly, by 
li
king on a value

of the domain of a variable, and by using the \Input user 
onstraint" button (see se
tion 4).

Figures 24, 25, and 26 show the result of posting 
onstraints dire
tly. In the visualizations \All

Vars" and \Enumerate All Vars" the same 
onstraint has been posted, but in \All Vars" no

value has been a�e
ted by the 
onstraint, while in \Enumerate All Vars" some values appears

with a lighter 
olour. Figure 27 shows the window where the user 
an input 
onstraints.

Figure 24: Posting a user 
onstraint dire
tly in 2-D plotting visualization

Figure 25: Posting a 
onstraint in \All

Vars" visualization

Figure 26: Posting the same 
on-

straint in \Enumerate All Vars" vi-

sualization

Figure 29 shows empty domains for some variables. That means that a failure will follow

be
ause the 
onstraint store will be
ome in
onsistent. Figure 30 shows the same situation.

There is no value of the two sele
ted variables whi
h 
an be a solution. The result of the ba
k-

tra
king whi
h inmediately follows is shown in the pie
e of the \Variable History" visualization

(Figure 31).

At the end of the exe
ution all the a
tive visualizations show the �nal solution. At this

point, the user 
an further 
onstraint the problem if any of the variables has more than one

possible value, in order to get a de�nite solution. Figure 32 shows the history of the program

Report No. CLIP3/98.0
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Figure 27: Posting a input user 
onstraint

Figure 28: \All Vars" visualization be-

fore ba
ktra
king

Figure 29: \Enumerate All Vars" vi-

sualization before ba
ktra
king

Figure 30: 2-D plotting visualization before ba
ktra
king

Figure 31: Variable History visualization with ba
ktra
king

UPM | Department of Computer S
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exe
ution. On the left of the window we 
an see when a failure has happened, and the domain

values of the variables 
hange to prove another solution.

Figure 32: Variable History at the end

The user 
an, of 
ourse, see the text-based solution as traditionally given by CLP systems:

| ?- queens(8,Qs).

Qs = [1,5,8,6,3,7,2,4℄ ?

yes

6 Software required by VIFID

VIFID has been developed using standard Prolog Systems, so that it 
an be used at any site

without worrying about portability. The main elements ne

esary are:

� Prolog (not spe
ial features are needed; it only must support mutables). SICStus Prolog

version 3.6 has been used in this implementation.

� CLP(FD) 
apabilities. Previous versions of SICStus Prolog did not have 
ertain CLP(FD)

primitives (as fd set/2).

� TCL/TK interfa
e. No spe
ial TCL/TK extensions are needed. TCL 7.4 and TK 3.6

were used in this implementation.

Report No. CLIP3/98.0
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