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CS-Prolog Il Graphicad User Interface

1. Introduction

CS-Prolog Il isaconsole application that lacks any graphica user interface features. The
CS-Prolog compiler, linker and runtime system get their arguments from the command line; al
input/output is performed through files, including the slandard input and standard output.

There are two important areas where this smple approach can be and must be improved. Firs is
the programming environment; the second is a window-based graphical input/output for CS-Prolog
user programs.

The mogt dgnificant part of a programming environment is the debugging fadility. In CS-Prolog
severd processes may run in pardld. Their trace output appears intermixed on the standard output
meaking it difficult to sort out the information. So the main god for the CS-Prolog programming
environment is to implement a multi-window trace tool, where different processes send their
debugging information to different windows. In the first verson asmple project management is
implemented, too, helping the user in working with programs consisting of severa modules. The
standard make utility is used with automaticaly generated makefiles. The programming
environment isimplemented in C++ and uses the Matif library.

The CS-Prolog input/output system is synchronous stream input/output, the predicates block the
execution of the calling process. In a red-time gpplication dedling with asynchronoudy incoming
events thisis not acceptable. Therefore we decided to separate the visual component implementing
the graphica user interface and the CS-Prolog program itsdf. The GUI component interacts with
the CS-Prolog applications usng network communication.

We adopted the idea of the FILLoW Library worked out by Danid Cabeza, Manuel Hermenegildo
and SachaVarma at Computer Science Department of Technica Universty of Madrid (UPM),
Spain. PILLoW provides facilities for generating HTML structured documents, producing HTML
forms, and writing form handlers, thus making possible to use aweb browser for GUI purposes.
One drawback of this approach is that aweb server is needed on the network.

The work on the extensons described in this supplement had been partidly funded by the EU in the
framework of the INCO-Copernicus project Expernet: A Distributed Expert System for the
Management of a National Network, No 960114.




Chapter 2: Programming environment

2. Programming environment

The main window of the programming environment conssts of amenu, a text box where the output
information is displayed and, at the bottom of the window, the module list box where the module
names of the current project are enumerated.

The main menu of CS-Prolog programming environment consists of the following menu eements:

File
Pr oj ect
Execut e
Make

Opti ons
About

TheFi | e submenu contains asingle operaion: EXxi t , to quit the environment.

ThePr oj ect submenu contains the operations for handling CS-Prolog projects: creation of a
new project, opening of an existing one, deleting a project, adding and removing source modules to
and from the project, and specifying loca options.

The Execut e submenu operations serve for executing and tracing CS-Prolog programs.

The Mak e submenu contains operations for compiling and linking the source modules, removing
the generated files.

With Opt i ons submenu elements the user can specify parameter settings for the current project
or globaly for any new project.

2.1 Projects

The basic object handled in the CS-Prolog Il programming environment is the proj ect. Projects
consgst of CS-Prolog modules that form the CS-Prolog program and they accommodate some
other information as. compiler options, runtime command line options, header file dependencies,
bresk points, etc.

Projects are created with the Ne w menu operation; modules have to be added with Add

nmodul e menu eement. Thefile names of a project’s modules are enumerated in alist box at the
bottom part of the main window. If in thislist box amodule is selected then this module can be
deleted withtheRenove nodul e menuitem. Loca compilation options can be assgned to a
modulewithLocal options ...menuitem.

The environment finds out the dependency structure of a project, i.e., which include files a specific
module depends on. This dependency information is utilized when creating the makefile that
generates the program (see next section). Suppression of inclusion of an include file into the
maekefilecanbedonewith | ncl ude fil es ..mewitem.

A project can be saved explicitly with Cl ose operation and it is automaticaly saved if anew
project is created or another project is opened with the Open operation.
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2.2 Generating code

The environment creates a makefile based on the project information. The Sandard Unix make
utility can read this makefile and generate the compiled mdf and linked pdf files

From the programming environment the code generation can beinitiated with the Bui | d dement
of the Mak e submenu. Only those files will be regenerated that are out of date (asit isusua with
the make utility). TheRebui | d Al I menu item will regenerate dl files, even those that are up
to date. The Conpi | e and Li nk menu items are used for the compilation of amodule and

linking the program, respectively.
The Cl ean menu dement has a submenu itsdlf; the user can choose between cleaning all
generated files, or cleaning only the intermediate files, preserving the executable CS-Prolog
program.
The makefile can be used outside the CS-Prolog environment aswell. Itsnameis

<pr oj ect _nane>. nak

The targets for the make utility usng thismekefilecanbe bui | d, r ebui | d, cl ean,
r eal cl ean and exec. Thesetargets correspond to the environment operations explained
above, (theexec target will execute the program).

2.3 Executing programs

The Execut e man menu ement consgts of three operations: Run (execute without debugging),
Tr ace (execute with debugging) and Di al og...(execute viaadiaog box). In the latter
operation the user can pecify command line options for the program to be executed or traced.

If aprogram is dways run with the same command line arguments then these arguments can be
hardwired setting an execute option (See next section). In this case the program can be executed or
traced without having to type in explicitly the arguments.

The executed program inherits standard input and standard output from the termina where the
environment was caled from. So if the program writes out to or reads in from the standard stream,
it gppearsonthest dout or must betypedinthest di n of theorigind termind.

The trace system of the programming environment is discussed in chapter 3.

2.4 Options

TheOpt i on main menu dement hastwo submenus Pr oj ect opti ons and Wor kspace
opt i ons. Both offer three further operations. Conpi | e opti ons..,Bui l d
options...and Execut e opti ons... Workspace options are the settings that will be
default for any newly created project. These default options can be changed later with Pr o] ect
opt i ons operations.

In the compiler options didog box the user can set the option values for the CS-Prolog compiler. In
build options didog the names of generated files can be changed, and traced code generation can
be switched off.
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In execute options dialog box the user can set the name for the CS-Prolog runtime system (if it is
not the default one) and specify command line argument for the execution.

The workspace option submenu contains one more item: the Cust om ze...action. Inthe
customization dialog box the user can set properties of the programming environment itself. Most of
these properties are represented by toggle buttons; the following features can be switched on or off:

automaticaly build the project if it isout of date and it is executed;

automaticaly rebuild the project if it was built without trace and now it is executed with
trace;

save debug breakpoints when the project is closed;

display the module list box at the bottom of the main window;
write verbose messages to the information text box;

ask for confirmation if aproject is deleted;

ask for confirmation if a Quit trace action isinitiated,

ask for confirmation if atrace window is closed;

automaticaly load the last project on startup or automaticaly load a project fileif it is
unique in the current working directory.

The last property isthe menu bar dimming. By default the environment disables its main menu
when an externd action is performed: program building or program execution. The user can et the
time delay of the dimming, or can switch off this feature.

2.5 Starting the GUI environment

The executable normdly residesin the home directory of CSP- 1. It can be started from xterm
using for example the following console command:

All the usud xterm environment arguments can be used in the command. The default background
color isblue. If more than one gpplication is being debugged then it is a good ideato use different
background colors for each (trace windows inherit the background from the main window).
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3. Multi-window trace

The mogt dgnificant subsystem of the CS-Prolog programming environment is the multi-window
trace. It offers a menu-driven tracing window where the trace information is displayed. The different
CS-Prolog processes have independent trace windows, so their debugging information is separated
from each other (see dso the chapter on debugging in the User’s Manud).

A trace window gppears on the screen whenever a process begins its execution. Initidly the trace
window of the main processis displayed. Trace windows have a main menu with thefollowing
items. (Each menu item represents an action that is available in normd text based debugging
described in CS-Prolog User's Manual.)

Trace
Single step execution. Trace will stop at the entry port of the predicate caled next.
Ski p
Skip the trace of the current call. Trace will stop at the entry port of the predicate
cdled next, after the termination (successful or faled) of the current call.
Qui t
Abort the debugging and the execution.
o

Go without trace. Trace will stop at the entry port of the next break point.

Prol og
Enter a Prolog session. CS-Prolog goas can be executed. This session however takes
place outside the environment, on the termina where the environment was Sarted.
(The sesson can befinished by entering thehal t . command.)

Br eakpoi nt
Set or clear bregk pointsin a dialog box. The breakpoints can be set in two modes:
sdecting the predicate in alist box, or writing explicitly the functor. In thefirst case
however only the statically compiled predicates are enumerated in the list box.

Cl ose
Close the trace window. The execution will continue, but the process this trace
window was associated with will not be debugged from now on.
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4. Web browser as CS-Prolog GUI component

Redl-time programs that react to asynchronous events should not be alowed to perform
input/output operations that can block the application for along time. The basic input/output
predicates of CS-Prolog, however, are blocking the caler gpplication on mono-processor hosts,
eg., when manua input is awaited from an operator. The solution for this problem can be the
separation of the gpplication component which interacts with the user from the red-time
components, and organizing communication between them using network connection.

Theidea of using aweb browser as agraphica user interface component for CS-Prolog was
suggested by Manuel Hermenegildo. He and his colleagues at the Technical University of Madrid
(UPM) implemented a Prolog library named PILLoW that providesfacilities for generating HTML
documents (pages) and handling HTML forms. The RLLoOW system is described in detalls a the
following URL.:

http://www. clip.dia.fi.upmes/mscdocs/pillow pillow htm

The web browser can display HTML documents containing HTML forms where the user specifies
his’her data to be sent to the CS-Prolog application. When the form is submitted the browser
executes the associated form handler — ashdl script, which can read the HTML form definition
from the standard input and is expected to produce areply HTML document on standard output
displayed by the browser as anew document. The script in its turn may launch a (prolog) program
capable of communicating with the distributed CS-Prolog gpplication for composing the reply. The
launched program is cdled the gateway program for short. This scenario assumes aform-capable
browser, i.e, onethat can handle input from HTML forms.

Another scenario of interactive work with web browser is to update the content of some HTML
page or pages directly from the application and have the browser refresh the display at an
gppropriate rate when the page is shown (if the browser supports refreshing). This method is suited
for displaying derts or monitoring system datus.

The two approaches can be combined, and, of course, smple applications can use the FILLoW
library directly aso in the request-reply method, i.e., the gateway program can be the application
itA=f.

This specification cannot provide a comprehendve introduction to HTML, so afamiliarity with the
topic is supposed on the part of the reader. The following sections are based on the origina
PLLoW documentation gouted above.

4.1 Organization

The generd request-reply scenario requires several preparatory steps be performed by the
goplication developer. Firg theinitid HTML page has to be written which is the sarting point for
the user interaction (or ascript dynamicaly composing the page). Thisinitia page should include
one or more forms for user input. Each form can contain text fields, check boxes, radio buttons and
menus. The operator will formulate a question by setting these controls to appropriate values. Every
form can containaSubm t pushbutton. When the user clicks this button (or hitsthe Ent er

key in some cases) the content of the form is sent to a so caled CGI executable associated with the
button (CGI stands for Common Gateway Interface). This script can start other programs— in our
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case a CS-Prolog program, which will receive the content of the HTML form; let’s call this
application the gateway program. The gateway program is probably specific to the gpplication
(there can be severd of them); it isthe agent which understands both the HTML particulars and the
notions the application reveals to the operator.

Theinput control settings are andyzed by the gateway program, which connects through the
network to the target red-time CS-Prolog application. When the answer for the question
formulated by the user in the HTML form is negotiated, a new HTML document condtituting the
answer is generated by the gateway program. Of course anew HTML form can beincluded into
this document too, where the user can continue the communication with the applicetion. It isaso a
good ideato place alink back to theinitid document on the answer page. When the formation of
the answer HTML document is completed the gateway program should terminate.

4.2 Writing form handlers with the PiLLoW library

The ALLoW library provides the following predicates to smplify the task of getting the input from a
form:
get _form.i nput(Dic)
get _form.input(S_or_a, Dic)
Trandate input from the form to adictionary Di ¢ (asalist of
attri but e=val ue pars). It trandaes empty vaues (which indicate only the
presence of an attribute) to* $enpt y' , vaues with more than one line (from text
aress or files) to alist of lines as strings, the rest to atloms or numbers. Input is reed
from the stream specified by the S_or _a argument.
get _form.i nput (Di c)
is equivaent with
current _input(Stream, get form.input(Stream Dic)
get formyval ue(Dic, Var, Val )
Getsvdue Val for atribute Var indictionary Di c. Doesnot fal: vdueis' ' (the
empty atom) if Var isnot found.

text _Iines(Val, Lines)
Trandforms avaue given by adictionary to alig of lines, for data coming from atext
area

formenpty_val ue(V)
Useful to check that avadue V from atext areais empty (can have spaces, newlines
and linefeeds).

form defaul t (Val , Def aul t, Newval )
Useful when aformisonly partidly filled. If the value of Val isempty then
Newval =Def aul t , dseNewval =Val .
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4.3 Generating HTML document from Prolog terms

HTML documents can be easly composed in Prolog by directly writing the text and the necessary
markup properly arranged to any output stream. This method is, however, somewhat inelegant and
the HTML-specific marks render the source code hard to read. PiLLoW offers the possibility to
have an encoding of HTML code as Prolog terms, which could be manipulated easly, and a
predicate to trandate such termsto HTML for output.

The basic predicate in FILLoOW to provide the functiondity of trandating Prolog termsto HTML
codeis.

output_htm (S or_a, F)
It acceptsin F aProlog HTML term or alist of HTML terms and sends to the stream specified by

theS_or _a argument the text which is the rendering of the term(s) in HTML format. The
one-argument variant

output_htm (F)
Is equivaent with
current _output (Stream), output_htm (Stream F)
output_html will occasondly fall if it encounters a sructure which isnot alegd HTML term.,

HTML isaquite powerful language. For usng itsfull capabilities ALLOW provides generd
recursive structure manipulations. For smple cases, however, more intuitive specia ructures are
also provided.

InaHTML term certain structures and atoms represent specid functiondity (HTML marking). An
HTML term can be recursvely alist of HTML terms. The following are legd HTML terms.

hell o

[hel l o, world]

["This is an ', em{"HIM."), ' term]
When converting HTML termsto character (HTML document) format, PILLOW trandates these
sructutes recursvely. Strings are dways left unchanged. HTML terms must be fully ingtantiated

(ground) at the moment when the term is going to be trandated. This dlows cregting documents
piecemed, backpatching of references in documents, etc.

In the following sections we ligt the meaning of the principal Prolog structures that represent specia
HTML functiondity. Only specia atoms are trandated; the rest are assumed to be normal text and
will be passed into the HTML document unchanged.

4.3.1 General structures

Basicaly, HTML hastwo kinds of components: HTML elementsand HTML environments.
AnHTML dement has the form
<NAME Attributes>

where NAM E is the name of the dement and Attributesis a (possible empty) sequence of
attributes, each of them being ether an atribute name or attribute assgnment ot the form
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attrnane="Val ue”.

An HTML environment has the form
<NAME Attributes> Text <NAME>

where NAM E and Attributes are the same as above, Text represents data specific to the
particular marking (pecified by NAME).

The genera Prolog structures are used for representing these two HTML congructs are:

Nane $ Atts
Represents an HTML dement of name Name and its atributes Atts (‘$/2' is defined
asaninfix binary operator). For example, the term

i mg$[src="images/ map.gif’, alt="A map’, isnmap]
istrandated into the HTML construct

<ing src="images/ map.gif” alt="A map” isnmap>
Note that HTML is generally not case-sendtive, SO we can use lower-case atoms.

name( Text)
(A term with functor name/1 and argument Text ). Representsan HTML
environment of name name and included text Text . For example, the term

address(’'clip@ia.fi.upmes’)
istrandated into the HTML construct

<address>clip@li a.fi.upm es</address>

nane( Atts, Text)
(Thisisaterm with functor name/2 and arguments At t s and Text ). Represents an
HTML environment of name name, attributes At t s, and included text Text . For
example, theterm

a([href="http://ww.clip.dia.fi.upmes/'], dip
hone’)

istrandated into the HTML construct

<a href="http://ww.clip.dia.fi.upmes/”>
Cip hone</a>
env( Name, Atts, Text)
Equivdent with Nanme( Atts, Text).
begi n( Tag)
begi n( Tag, Atts)
These trandate to the sart of an HTML environment of name Tag and attributes
At t s (second form). Useful in conjunction with the next structure, when a piece of
separately prepared code isto be inserted into the document (for example, Tag is
pr e). In other circumstances their usage is discouraged.

end( Tag)
Trandates to the end of an HTML environment of name Tag.

10
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Any HTML constructs can be represented with these structures (except comments and
declarations, which can be inserted as atoms or strings), but the ALLoW library provides
additiond, specific congtructs to smplify HTML creation.

4.3.2 Specific structures

Welist below the most important specia structures for HTML that PILLoW understands:

start
Used at the beginning of a document (trandates to <html>).

end
Used at the end of a document (trandates to </html>).

Produces a horizontd rule (trandates to <hr>).

\\
Produces aline break (trandates to <br>).

Produces a paragraph break (trandatesto <p>).

title(Title)
Used for defining the document title which is usudly shown in the caption by the
browsers (tfrandatesto <title>"Ti t | e” </title>).

title(Title, Refresh_rate)
Used for defining the document title as in the case above, and aso to specify atime
interval in seconds for the browser as the period for refreshing the displayed page from
Its source document. Refreshing is ussful when the underlying document is dynamicaly
changed by arunning gpplication for derts or monitoring (trandatesto
<title>"Ti t | e” <meta http-equiv="refresh” content="Refresh_r at e”>
</title>). The use of thisformis not advisable for ‘reply’ type documents.

coment ( Conment )
Insertsan HTML comment (trandatesto <!-- Commrent -->).

decl are( Decl)
Insertsan HTML declaration — seldom used (trandatesto <!Decl>).

i mage( Addr)
Used for inserting an image a address (URL) Addr (trandatesto an <img>
element).

i mge( Addr, Atts)
Asabove, with theligt of attributes At t s.

ref (Addr, Text)
Produces a hypertext link, Addr isthe URL of the referenced resource, Text isthe
text of the reference (trandatesto <a href="Addr " >Text </a>).

| abel (Label , Text)
LabelsText asatarget destination with label Label (trandatesto
<aname="Label ">Text </a>).

11
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headi ng( N, Text)
Producesaheading of level N(1 <= N <= 6), Text isthetext to beused as
heading (trandates to a <hN> environment).

item ze(ltens)
Producesalist of bulleted items, | t ens isalist of corresponding HTML terms
(trandates to a<ul> environment).

enunerate(ltens)
Produces alist of numbereditems, | t ens isaligt of corresponding HTML terms
(trandatesto an <ol> environment).

descri pti on(Defs)
Produces alist of defineditems, | t enrs isalist of corresponding HTML terms
(trandates to a <ul> environment).

nice_item ze(lnyg,ltens)
Produces alist of bulleted items, Def s isalist whose eements are definitions, each of
them being a Prolog sequence (composed by ‘,’/2 operators). The last element of the
sequence is the definition, the others (if any) are defined terms (trandatesto a <dl>
environment).

pref or mat t ed( Text)
Used to include preformatted text. Text isalist of HTML terms, each dement of the
list being aline of the resulting documents with layout characters preserved (trandates
to a <pre> environmen).

entity(Nane)
Includes the entity of name Name (1SO-8859-1 specid charactey).

ver bat i n( Text)
Used to insert text verbatim. Special HTML characters (<, >, &, ") aretrandated to
their quoted equivaent.

nl
Used to insart anewline into the HTML document (just to improve human reedability).

cgi _reply
Thisisnot HTML; the CGI protocol requires this content descriptor to be used by
CGI executables (including form handlers) when replying (trandates to
<content-type: text/html>).

pr
Inserts into the page a graphical logo with the message

Devel oped using the PiLLOW Wb programming library
which aso points to the manual and library source.

The HTML terms used for creating input forms insde a document, are the following:
start _forn(Addr, Atts)
Specifies the beginning of aform. Addr isthe address (URL) of the program that will
handle the form, and At t s contains other attributes of the form (trandates to <form
action="Addr " At t s>).

12
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start_forn( Addr)
Specifies the beginning of aform. Addr isthe address (URL) of the program that will
handle the form (trandaes to <form action="Addr "> - method defaults to post).

start_form
Specifies the beginning of aform without assgning address to the handler, so that the
form handler will be the cgi-bin executable producing the form (trandates to <form>).

end form
Specifiesthe end of aform (trandates to </form>).

checkbox( Nane, St at e)
Specifies an input of type checkbox with name Nanme. St at e=on if the check- box
isinitidly checked, otherwise St at e=of f (trandatesto an <input> eement).

radi o( Nane, Val ue, Sel ect ed)
Specifies an input of type radio with name Name (the radio buttons that are
interlocked must share their name), Val ue isthe vaue returned by the button. If
Sel ect ed=Val ue thebuttonisinitialy checked (trandates to an <input>
element).

i nput (Type, Atts)
Specifiesan input of type Ty pe with aligt of attributes At t s. Possible vaues of
Type aret ext , hi dden,subm t ,r eset (trandatesto an <input> eement).

texti nput (Nane, Atts, Text)
Specifies an input text areaof name Nanme. Text provides the default text to be
shownintheareg At t s alist of attributes (trandatesto a<textar ea> environment).

menu( Nane, Atts, | t ens)
Specifiesamenu of name Nane, ligt of attributes At t s and list of options| t ens.
Thedementsof thelig | t ens are marked with the prefix operator *$ to indicate
that they are sdlected (trandates to a <select> environment).

Thereisadso aspeciad predicate html_expansion/2 predicate provided for defining new structures.
It isadynamic partition of thepi | | ow module (changed so for CSP-I), clausesfor trandating
additiona user—defined specific structures can be gppended to it using the asser tz built-in
predicate. The head of html_expansion/2 isthe following:

ht mM _expansi on(User Term Canoni cTer n

where UserTerm is the additiona term being defined and CanonicTerm is the definition using
aready known HTML terms. Care must be taken in order not to create infinite recursion (for
example, by defining a new term with itsdlf).

4.4 Using PiLLoW in CS-Prolog Il

CS-Prolog Il uses adightly modified verson of the PILLoW library. At the interface leve the
differences are in the addition of get_form_input/2 and output_html/2 predicates that dlow the
user to specify any source and sink, respectively, in place of the sandard streams, and the
extended variant of thet i t | e HTML term for specifying arefresh rate. Another differenceisthe
omission of thefetch_url/3 predicate. The last difference isthat html_expansion/2 is made
dynamic, additional clauses can be appended to it usng assertz

13
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For the description of other PILLoW predicates not covered here see the origina PiLLoW manua
at the place indicated earlier.

The compiled library is placed in the home directory aspi | | ow. mdf aong with

st andar d. ndf andcsptrace. ndf , but, unlike the |atter ones, it hasto be linked explicitly
with the other compiled modules (complete path specification is necessary) of the gpplication when
the. pdf fileiscreated. The name of the moduleispi | | ow.

Thereisaso aheader file named pi | | ow. i nc inthe home directory that can beincluded into the
source module for specifying the imported PiILLoW predicates, or used as an example for the
necessary import directives. The following example shows how the full set of exported predicates
can be imported using the header file:

i mport (
#i ncl ude <pillow. inc>

).
Besides, if the generd structures are used, then ‘$’ has to be declared as an infix operator, both
compile time and runtime, as for example:

:-op(150, xfy, '$).
among the directives, and
op(150, xfy, '$).

somewherein theinitid phase.

4.5 Using the DCG converter

Theorigind PILLoOW library source uses DCG syntax. CSP-11 lacks this fegture, so a separate
DCG converter program had been developed for adapting the library. The converter isbased ona
DCG compiler written in Edinburgh by Fernando Pereira, EDCAAD, in 1984.

The converter can be used for converting any other CSP—1 source containing DCG clauses. In
order to do this, first the source code has to be preprocessed (unlessit is pure wrt. to the
preprocessor). The converter itsdlf acts as afilter, reading input from the standard input and writing
the result to the stlandard output. Here is an example showing how the FILLoW library had been
converted (after making other syntactical adjustments manualy):

cspconp -P pillow

csprol og -cspprog convdcg <pillow.i >dpillow. pro

cspconp -fo pillow ndf dpillow

The converter itself ismade of two modules dcg. pr o andconvdcg. pr o; these sources can
befound intheexanpl es subdirectory of the digtribution. Therunnableconvdcg. pdf is
placedintotheut i | i t i es subdirectory.
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