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Abstract : We are currently implementing a system +to help experienced
programmers during the development, implementation and debugging of their
programs. This system, built on top of a screen oriented structural
editor, offers possibilities to attach descriptors to every portion of the
pragram and toc maintain - simultaneously - different wversions of the
program being written, including tentative hypothetical versions. It
comprises a mecanism to wmaintain minimal consistency between modified
parts of code, the non-modified parts of code and the attached
descriptors, as well as an evaluation module functioning in different
modes : pormal evaluation, symbolic evaluation and checking evaluation.

The standard programming aids, such as indexors, pretty printers, trace
packages, undo- and history-facilities are generalized to handls the
descriptors and unfinished programs as well.
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. 1.0 [INTRODUCTION

Constructing large and complex programs is rarely a well defined, orderly
process proceeding from abstract specification to design and finally to
implementation. It is a tedious, time consuming and complex activity,
bhased often on some method of trial and error or successive refinement,
while constructing, testing, then rejecting or modifying different
algorithms, heuristics and representations used thus far.

Often even, the initial (formal or informal) sﬁeclfication of parts of the
developing system will be modified as a2 result of new insights gained
during the process of interactive design and implementatien.

Special problems may arise when - as is usuélly the case in production
environments - the system is developed by a group of several programmers,
each one perhaps modifying (or wanting to madify) parts of the others’
work.

In actual programming environmenis (PE) no on-line possibility exisis to
keep track of the developmental decisions, to access previous or future
{1} versions of the system and to switch back and forth between different
viewpoints of (t. In addition, on-line possibilities to help to evaluate
the range of influence of intended modifications do only rarely exist.

The construction of highly complex software systems not only creates
problems during the development, maintenance, extension or transportation
phase, it also creates crucial problems for the comprehensive interactive
reading or annotation of it. -

Khat is needed is a PE permitting the programmer to keep track of all
his/her ideas, tintentions and decisions underlying every part of his/her
program, as well as @ possibility to access them at every meoment of
his/her 1interaction with tt. The programmer needs to have a possibility
to create tentative versions of parts of the program, without destroying
or otherwise fundamentally changing the structure of the already existing
program. S/he should be able - after an incorrect decision - to go back

t0 a previous version of the code, while keeping the aciual version as an

annotation of it, perhaps even with commentaries stating the reason for
abondoning this Lline of development. A possibility shouid be offered to
work simultanecusly on different, independant versions  of parts of the
program, Lleaving open the guided merging of parts of those different
tentative versions into & new and mare elaborated one.

In addition, during the development of the program, the programmer needs a
possibility to execute unfinished programs interactively - without being
confronted with atready anticipated ’fatal error’ messages.

The PE 1 am proposing addresses all those issues 3 it is able to keep
track - through an annctation facility - of all the modifications; it

(1) Since the programmer has the possibility io work on different versions
of his program, he may well, when working on an ‘old' versien, be
interested to consult some more recent one. The notion of ‘future’ s
relative.
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enables - through a multipte evatuation function - the simulteneous use of
multiple versions of a program; it accepts temporarily limited soclutions,
and it permits the sxecution of unfinished programs and useful annotation
of every part of the developing program. ’

These possibilities are obtained by means of three major changes in our
LISP interpreter : .

-~ a neu representation of a program as a tree of al7 its versions
until now constructed, along with possible attachments to every
point in the tree

— a sophisticated, structure oriented editor through which all
interaction with the LISP system takes place and which works on
this tree representation of programs '

-

- & special evaluator, able to work in different, programmable modes
and contexts. .

With this system, the programmer can, at every @moment, interactively

‘control the evolution of his/her software architecture.

In the following sections of this paper, [ will, after exposing some
preliminary design decisions, describe the sighificant aspects of the
proposed PE, as well as the possibilities it offers, . Finallty, I uwill rise
several as yet missing - but necessary - features and propose directions
for further development.
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2.0 PRELIMINARY DESIBN DECISIONS

In this somewhat technical, short paragraph | wiil describe some of the
implementation details necessary to understand the feasability of the
proposed interactive programming envircnment.

Since we wanted our programming environment to integrate the -~ normally
separated - activities of editing, executing and ennctating of programs,
the usual representation of a program as either a string of text (for the
editor) cor a execution adapted representation of cods had to be unified in
a single representation, combining code, text, commentaries and so on, - 1
achieve this in representing the program gs a tree, growing through the
development process. It is then the task of the different modules working
on this tree, to change -the representation, that is the point of view one
can have of this tree.

In LISP, as soon as one is confronted with the project te -change the
representation of a program from 2 linked tist of code to a tree of all
different versions of the program thus far constructed, enriched by all
kind of possible descriptions (see Fig. 1), the use of the classical
linked list is no longer adequate : there is no possible place to attach
descriptors, nor is there any convenient possibility teo have more than one
successor to a node f(at least as long &s one is concerned about
cost-effectiveness and does not want to pay too high a price in space

(1.

instr.1 o
—input assertion
—>input/output examples
instr.2 o

reasan—for-this—version+7¢ k;ﬁreason—for—thls—versian

instr.3{v.1) c\ /n _instr.3(v.2)

instr.4 N,
nstr. o
AN
input-assertionse——~A—+ \ ~ 0 ve————commentary
: o o ~o0 "o
I'N /A /A

Figure 1 : part of a program-tree with attached descriptors

I have decided to maintain - simultanecusly - tuo versions of LIGP : one
(the production version), uwhich corresponds to the normzl version of LISP

(1) to change the representation of a list in a tree, while continuously
using linked lists, would doubie the number of CCNS-cells.
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and is used outside the PE for programs whose development may be
considered as completely finished, and & second one (the envirorment
version), where I don’t work on simple lists, but on triples (as in TREET
iHaines B651) of a CAR, a -COB and s DESCR {called CSR in TREET),

p 1 g Ly
CAH Céﬂ DéSCH
where the CAR and CDR parts of the triple correspond to the standard CAR
and CDR fields, while the DESCR field itself is devided in a field for the
descriptors of the CAR and ancther ane for those of the CDR of the actual

triple. The DESCR field will contain the atfachments to the different
parts of the program.

Since the descriptors may-contain modifiers for the evaluation process,
such as other versions of the associated CAR and COR, I have rewritten all
the standard LISP functions in such a way as to be able to handle this new
structures.

Except for the special case of commentaries attached to the code, the
descriptor field can only he ¥ritten using the editor. This implies that
I also maintain two BEAD functicns, one to read in normal S-expression and
to convert them to this internal triple-reprasentation (and which, as a
side sffect, converts commentaries to machine internal representatien
thus, by the way, making them sccessible for use during run-time) and cne
for reading in S-expressions already in the form of triples.

The PRINT function is paraﬁetrized to print only this level (or point of
view) which is actually under consideration. So, if the programmer
considers version one of his program, all the other versions appear to be
hidden. ' :

The mew EVAL function is described in paragraph 4, being & fundamental
component of the PE.

The other representational change concerns variables : since one must
assure dynamic access to. previous values of each variable, they are
represented as individuat stacks (cf. dream-paper [Steete 791 and the
design of the new HP 32-bit processor). :

Even if these design decisions seem to be rather space inefficient, let nme
remark that these representations are only in use during interaction with
the PE. {Once the development and implementation of a program is finished,
it is handled by a normal LISP interpreter or compiler.
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3.0 THE EBITOR

ALl interaction bstueen the programmer and the PE is monitored by the
editor, which is an integrated part of the language. Externally no -
distinction is made between editing commands and execution commands, and
at every moment full access to all the available commands is assured,
enabling the user as well to execute function calls in the wmidst of an
editing session as, during normal interection with LISP, to edit the
functions or data structures which need modification.

3.1 Intarnz! Organisation of ths Editor

The editor is dlbectly working on the internal representation of the
edited objects; in this way, the objects are continuously available for
the normal evaluation process.

The core of the editor is similar to the Interlisp editor I[Teitelman 78]
or to EF I[Greussay 781, with the additional feature that the visualisatian
of the edited objects is display oriented, meaning that in stead of
successively printing out the newly accessed structures, a unique screen
itmage of them is constantly updated. This isn’t but a slight improvement
over the classical structure oriented LISP editors, except that it permits
a pattern-oriented editing as exposed in paregraph 3.3.

A much more importent extension ls that each edited modification adds new
code, commentary or other information to the already existing in-core
representation of it. An editing command never - except on very special
pccasions - deletes anything : a new current version is created, and the
old one is kept on historical attachements. This means that a pragram is
a tree of all previous versions of it, or - sald differently - & program
is a set of successive viewpoints of it. The current version is just a
special way to travel doun the tree. '

Let us take a (very) simple exemple. Suppose the programmer has uritten a
function, called FBO, to implement the facterial program :

-

(DE FOOQ CN) '
(IF (=N 0) 1 (x N (SELF (FOO (1- N>>))))

and that for some reason s/he has modified this function so that it
computes the sum of all integers up to N :
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(BE FOO (>
(IF (=N 0) 0 (+ N (SELF (FOO (1- NXX»»

Internally this function will then be represented as :

FOO
G (LAMBDA C(N)
(IF (= N 0)[

(vst . 1) {rs@ . % :
]c[ -] N (SELF (FOO (1- NN
{vs1 . O {vysl . +) -

where vsf and vsl are just the version numbers. An absence of a version
number indicates that the corresponding part of program is valid for all
versions, To read the cidbrent program, it is sufficient to. travel along
the +tree in following but the highest vs-n uhere ever different versions
are encountered. At the same time this representation also permits access
to any previous version of the program, it is sufficient for that to
consider the corresponding version number as the highest possible path.

If for some resson the programmer wants to modify a previous version of
the program - by this way creating a new intermedtate version - the editor
generates sub-versions {p already existing ones. So, for examplte, if s/he
re-aedits wversion =zero (vs#) of the program FOD and changes the recursion
exit test to

=N 1)

the internzl version will be :

FGO :
> (LAMBDA (N>

(vs0.8 . O) {vs0 . 1)
(IF (= N [ ]) [ ]
(vs0.2 . 1) (vs1 . )
vsh . %)
([ ] N (SELF (FOD (1- N)J))»»»)
{vsl . +)

Let me remark that the editor keeps the date of the changes, modifications
or adds also in its internal representation, end that it is possible to
communicate to the system some reasons for changes, which then are alse
gaved in the internal representation, so, permitting a2 future reader to
faollow the design decisions which Lled to the current version of the.
progran. : .

"The new branches created at each modification automatically inherit most
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of the eattachments and {(minimally) indicators are set saying that they
refer to a previous version and possibly need some updating. A  further
research will be to construct some inference mechanisms which could (at
leest partly) automatically generate those updatings.

A psychologicalty important point in all interactive PE's (cf. [leinbery
711 and [Shneiderman 801) is not to overload the perceptive capacities of
the user. That is why, during the editing sessions, all versions except
the one under consideration, and all attachments are Invisible or hidden,
and may only selectively be rendered visible. through special commands.
This design decision makes it possible to edit a program exclusively on an
arbitrary level of attachments, without being overloaded by the dtsplay of
all the additional information contained in the program tree.

Actuatly, this important noticn of minimally recessary information exists
already in rudimentary -form in the standard structured LISP editors
[Teitelman 78, Greussay 78, Adda 811 in the form of the star convention,
which 1 keep in our display oriented editor. This caracteristic also
enlarges the notion of an editor : it is not any more considered as a
mere tool to write and medify programs, but alsoc as a2 crucial instrument
for interactively reading already existing programs. It permiis to read a
program in concentrating on selective viewpoints (verstions, attachments)
only. So, a program may be read only on the level of global commentaries,
to get a2n overview of the working of the system, or on the level of
logical assertions, or uhatever point of view may be of interest to the
programmer or reader. The standard reading is what corresponds to the
*normal® definition of the functions or data-structures.

3.2 The Attachments

The system recognizes, and the editor has a set of special commands to
access and modify, some reserved standard attachments, built-in a priori.
Those are :

examp?es :
To every function end, more generally, to every portton of code may be
ettached a set of concrete examples. Those may, in the first ptace,
be considered as a special case of commentery, helping the casual
reader to understand the use of the associated progrem fragments. It
is also, following 2n idea of Patrick Greussay, a way to control -
during execution - the ’correctness’ of the part of code associated.
This is especially of interest when the program has been altsred but
is continuously supposed to fullfill the same tasks. The examples
are, by the system, considered as minimal confracts for the associated

code.

commentaries
A standard deficiency of LISP is that its READ functien ignores
commentar ies., ] have modified the S-expression readsr of LISP, so

that commentaries are not {ost any more for (inspection once the
program is loaded, in attaching them to the code which they preceed.
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index
Indexes ere attached 1o function- end verisble names. They ere
constructed automatically during the editing of the functions and may
be supplisd menually for functions whose implementation is left open.

meanings : . _
The programmer has the possibility to attach special commentaries +to
his functions, expressing the "meaning’ of it. Those commentaries may
. be printed out by special commends {(they constitute one point of view
of the associated function). They also serve other utilities, such as
the trace-package, the pretty-printer, and even the evaluator when it
encounters unfinished parts of the program.

assertions
To every part of the program may be attached special predicates -
describing the restrictions which sust be valid at entry to this point
of the program. During execution, the evaluator automatically checks
their satisfaction and interrupts execution if some discrepancies
appear. :

version | _ _
As already mentioned, modifications of the program generate new
branches in the program tree : the version attachments. They contain
special subfields for the date of the modification, its reason
(commentaries given by the programmer) and -~ if the program is
developed by more than one person - the persen actually carrying out
those modifications. :

Tuo additional specialized attachments are planned : one for symbolic
descriptions, generated automatically by Danlel Goossens’ CAN system
[Goossens 791 or by Patrick Gresussay’s RAINBOW system [Greussay 801, . and
ona for propesitions of improved versions, generaied automatically by my
own system PHENARETE [Mertz 82]. '

The user has the possibility to introduce neu attachments and -
optionnally - he can make them known to the system in definipg specia1
procedures for which the editor, the evaluater and other parts of the PE
are automatically checking their presence. Those procedures may he
considered analogues to the user dsfined pretty-print properties of more
classical LISP PE's,

3.2 Using the Editor

The editor devides the screen in 3 different zones : one vhere the edited
structure ils displayed, one for giving a menu of special commands, and one
for- the command line. Figure 2 shows the scresn at a given moment of
interaction displaying a partly constructed function, & menu window
showing commands toc handle attachments, and in the command lihe a request
to write this partly defined function into a file.
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(DE FOO (ND “~A attech assetion
{IF ; ASSERT; (> N D) “E attach examples
(= NG 1 <if-false-statements>) R attach reasoncs
<insir>’
“X*W filename: TEST.VLI

Fig. 2: organisation of the display

In Figure 3, we have displayed part of a sample editing session. Nots
that at every interaction with the editor the pattern of the expected
instruction is displeyed, helping as well the novice programmer with
his/her initial syntactical problems {(no closing paranthesis has ever to
be typedl) as indicating ta the experienced  programmer continuously at
which point s/he is inside the program. The cursor moves automatically to
the next syntactic unit as soon as the typing of the previous unit 1is
finished. Atl attechments appear as commentary when displayed, preceded
by special symbols indicating its type.

(<function><arguments>) ; the wuser typed an opening paranth337s
-~ ; cursor position is displayved by ..

(DE éjtn-name><vars><lnstrs>] r the user typed DE
(DE FOD (<varls<vars>)<instrs>) ; user typed Fﬂﬁ and *(*
(DE FOO (N <var2><vars>) <instrs>) ; a “L indicates "exit of Tevel”

(DE FOD (N} (<function><arguments>) <instrs>) ; user typed *(”

(DE FOGO (N ) ; user typed IF, newline
CIF gtest><if-true><if- false~ statements>) ; and indentation is
<instrs>) i echoed by the machine

(DE FOO () ; user wants to attach

(iF ; ASSERT: H ; an assertion and typed
<testr<if- tFUE><Lf false- statements») ;a™
<instrs>}

Figure 3; sample session with the editor

When the program gets larger than what can be displayed on the screen, the
editor automatically changes to the star convention. In this way, there
iz always assured that the entire progrem structure is displesyed, so that
the user is never lost as to the point s/he is inside this structure.

e ' e Tt
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There exist naturally more complex commands, some of them are Llisted
below :

write saves the actual state of the program tree by writing it in a file

read retrieves a program tree from a file and places' the cursor at the
beginning of the program or at the first syntactic unit not already
filled out

find moves the cursor to a node which matches a given pattern
*atteches’ it {o the

attach removes a subtfee from the program tree and
cursar

detach inserts the previously attached subtree at the position of the
cursor . -

More sophisticated editing commands exist to move the cursor, to display
subtrees or attachments, or to ’'delete’ them. All commands are
syntactically checked, so after finishing editing the user ts assured to
have a syntactically correct program. {(This checking corresponds roughly
to the surface reading of the PHENARETE system [illertz 821.)
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4.0 THE EVALUATOR

In an infegrated and interactive PE, such as the one 1 propose, the
evaluator has to be designed in such a way as to be able to take into
account alit the possibilities offered hy the PE. This implies that there
have to be special features to handle the program tree, since it is no
more confronted with a 7inear version of a progrem, but with multiple
versions of it, enriched with special descriptors - possibly directing the
evaluation process itself. It has to be able to handle all the special
caseg related to the debugging and development phase, such as conditional
evaluation, interruption on events, inverse evaluation and evaluation of
unfinished code. In this paragraph 1 will describe the differences
between normal and PE dependant evaluators. '

-

4.1 Internal Organisation of the Evsluator

The most important ceracteristic of our evaluator is that | have
generalized the notion of context : I distinguish between syntactic
context, the context determining which one of the multiple versions of the
program is to be executed, and dynamic context determining the stafe of
evaluation, mainly determined by the stack frames.

4,1.1 syntactic coniexis

Since the evaluator is working on program trees rather than on linear
programs, @ call to the evaluator has to determine which path in the tree
corresponds to the version actually nseded. This may be defined globally,
in setting the version number - which by default willt be the latest, (.e.
the highest one - or dynamically during internat calis with as additicnal
argument the version to consider.

I also intend to include special descriptors which would - depending on
the dynamic context -~ determine the syntactic one. This will bhe
especiatly useful if the user intends to use different versions of his/her
program during different execution modes (trace, step-by-step, etc) and-
implements an elegant way for table driven program development, analoguss
ta table driven programming. '

4,1.2 dynamic contexts

The dynamic contexts determine the mode of evaluation at any given momant.
These modes may be determined explicitely, for ‘example by invoking the
stepper, trace package or undo-facility, or implicitely, for example :
when the evaluator encounters a call to an undefined functtion, the normal

Tam L. N .. . e Ty S SR SLI
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mode of evaluation is suspended and a special carefu? mode is entered.

Besides the user programmed modes (a facility already necessary for
incrementally extending the system itself) [ actually distinguish the
following modes : ' '

normal mode’: the ncrmal evaluation of a given version of a program,

trace mode : this mode, as its name indicates, = on when tracing the
execution of & function. It determines the grain size - indicating at
which level of detail, or for which predetermined events the trace has
to be carried out. :

stepping mode : as the trace mode, this mode determines the grain size of
the steps. After each step it enters a bregk point during which the
programmer has access- 1o the entire system. '

event mode : in event mode, the evaluator is looking for special
computaticnal events to happen, such as the assignment of a special
value to a wvariable, the call of a function with some special
arguments, or any other predetermined computational event. If such an
event occurs, the evaluator interrupts normal execution and either
enters a break point or svaluates a user given function associated to
this event. Any number of events may coexist. '

careful mode : when the svaluator has to compute the value of a function
catl to an until now undefined function, or the vailue of an unbound
variable, normal exscution is suspended, the arguments of the function
call end the name of the functicn or the name of the variable and the
available index information are displayed, and the user is asked how
to proceed. He can supply manually some value for the variable or
define the wmissing function, and then piroceed in the narmal
evaluation, or he can tell the machine to switch to symbelic mode, or
he can enter debugging mode.

symbholic mode : whenever the evaluator is in this mode, instead of
computing values it computes symbolic expressions describing
(reflecting) the computation. I intend, in a further development of
the system, to hand the symbolic evaluation over tc Goossens' system
CAN [Goossens 79].

inverse mode : inverse mode corresponds, basically to the ’classical’
undo facility of Intertisp [Teitelman 781. Tup possibilities exist :
either one undoes in a step by step menner - in unwinding the controt-
stack ~ or one undoes until the occurence of a special event.

Naturatly, the different modes may be combined in different ways. So, the
user can, for example, tracing the ’undo’-ing until a given event,
combining inverse, trace and event mode, but it is still an open problem
to determine which combinations are possible and which are not., Also, ]
em looking for possibilities to meke the evaluator suitch autonomously
between real and symbolic execution whensver necessary.

The guiding principte of the evatuator is to continue evaluation as long
as possible, without ever punishing the programmer with sny kind of
*fatal’ errors.
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There exist an additional mode : debugging mcde. In this mode, Listed
seperately since independant of the evaluator, the display screen is
devided in saveral regions : one for disptaying the run-time stack, one
for editing functions and one for displaying veriable values. The user
can, in this mode, travel through the stack, visualising the funciions
pointed at whenever s/he wents (and edit them), and re-snter evaluation at
any point he chooses.

In some cases, such as for example uHen the user hes cfuclatly modified a
function of which a call (is somevhere below on the stack, the normat
restarting of the evaluation can not be guaranteed to be error free.

4.2 ﬁutomatic'Checking .

As already mentioned in paragraph 3.2, the user has the possibility +to
ettach exemples and logical input assertions to every pert of code. The
examples are input/output pairs vhich the associated code should he able
to handle correctly. They are considered as minimat contracts of this
part of the program. UWhenever the svaluator encounters such an example
attachment not already verified, it suspends normal execution and executes
the portion of code on the input examples given. Then it compares {uwith
the EQUAL function) the computed output for those examples with the output
supplied, continues - after marking the example as verified - normal
execution tf al? the input/output pairs ere satisfied, otherwise it enters
a breakpoint, informs the user of the discrepancies encounterad and waits
for further instructions. '

Naturally, this kind of checking can not be considered as program
verification, but it gives a minimal security as to the correctness of the
essociated code : it ensures the user that the program works alt JTeast for
the examples suppltied.

At every entry to the evaluator, it checks alsoc for the presence of an
assertion mttachment, indicating the class of values uwhich are accepted as
possible input by this part of code. In Figure 2, the assertion indicates
for exampie that the variable M should have a value greater than zero., If
such an ettachment is present, the evaluator applies the given predicate
(which may be of arbitrary complexity) to the input values and proceeds
evaluation {f the predicate vyields true, otherwvise it interrupts
evaluation at the point this piece of code (or functilon) uas called and
enters in careful mode. :

Llet us remark that nothing excludes - a priori - the combination of a
sophisticated program verifier to the PE. Toe this end it would be
sufficient to define a nev class of attachments cnontaining the logical
descriptions of the program’s behaviour and to associate to those
attachments a special eveni mode invokating the verifier. UWhat 1 am
describing here in this paper is not a final version of & PE, but the
basic PE on top of uhich much more sophisticated and personalized wuser
aids may be incrementally built on. 't is the basis for an incrementally
growing PE.




il

Page 14 : PROGRAMMING EWVIRONMENT - Consistency

5.0 HMAINTAINING CONSISTENCY OF DESCRIPTORS

Given that, in our PE, a program is @ complex tree combining code and
descriptions, and that [ want the system #o automatically check its
correciness, one of the main problems emerging is to Kkeep  those
descriptors consistent with the code, without overcharging the praogrammer,

during every modification of some aspect of the progrem tree, uith an

enormous burdon of checking its consistency manually. The ideal would be
that the system automatically maintains the consistency, but this implies
the construction of a program understanding system completely beyond the
actual scope.

The solution adapted sp far is :

1. to propagate automatically every modification

2, to try to automatically construct new formal descriptors which could
be compared to the already existing ones.

5.1 Propagation of Modificetions

Let me repeat : in my representation schema, every part of a program may
be represented from a multitude of different vieupoints : code, meaning,
commentary, examples, symbolic descriptions, etc. To be of any practical
use, @ minimal consistency between different viewpoints of the same object
must be assured. :

[ take as granted - and it is left to the responsihility of the programmer
- that the initial version ¥s in itself consistent (with the exception of
the example- and assertion-attachments, which are checked by the
evaluator). Khensver the user wmodifies part of his code  or its
description hawever, this consistency can not be assured any more. linat
the system does in such cases, is to keep the previpus version as it is,
but to travel backend forth in the program tree, associating to all

. dependant parts a conditional attachment refering io the modified ceode.

This propagation technique permits to indicate during future displays of
those parts, the fact that some parts have been altered and that the
correctness of thé old sttachments can’t be essured.

Special editor commands exist to delete those conditicnal attachmehts, or
to replace them by new ones.

In order to be more cancreate, Let me go back to the example of paragreph
3.1, the function FOO, and let us suppose the initial version having some
descriptors attached, such that ue have the foliowing state :
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—A » (> N O) :
E » [((FOD 0) 1@ 1) ({FOD 3> 15 B)]
—— [FDD calculates the factorial of its inputl

»[this is the recursion stop test!]

L")

(DE |FOO! (N
) ™

¢
(IF 1(=NDO)| 1
x N (FOD (- MO M
for the

if we represent it in a tree Llike structure {(simplified

or,
purpose here) :
———A——— (> N 03}- '
—— [{{FOO 0) = 1) OO0 3) = B)]
—— [FO0 calculates the factorial of its inputl
FCO
‘_,ﬂ _
: FARY
A a
7\ :
/A ——— [this {s the recursion stop testl!l
o 0 =
// A\ 7A:::~ —_—
IF ‘“ T~ =
PR SN T
/ /N —~ .
= N 0 * N (FOO (1- N»»

Wil -.."h'. P

After the modification of paragraph 3.1, we have initially

i

——A—— N O
—— [((FOO 0) @ 1) ((FOO 3) 17 6]
—— [FOO calculates the factor;al of its inputl

Travetling 'back and forth® in the preogram tree is displayed here by the
those attachments are marked conditionaliy uhich are

dotted line. Onty
encountered on this route. So, we find after the propagation of the

modifications the following modified tree
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v.l s | a— ?

r—————a v.0

A » (>N D
v.O——",—’ [({(FOD ) = 1) ((FOD 3) = 6))
I N

v:0——— [FOO calculates the factorial of lts inputl

v.1——JL;—+ ?

F AR — [this is the recursion stop test!]

s JUN V.

(FG3 (1- N»)

In this example only endpoints of the tres were modified, so the onty
updating necessary was upwards in the tree. The reader shouldn®t have any
problem imagining a modification of a non-terminal node which would also
imply some dounward updating. ’

The ?-filler may be replaced afteruards with new specifications or, with a
simple editor command, deleted. In this letter case the entire
restriction on version zero or version ane {in our exampie) is dropped,
and the attachment is once more valid for the entire subiree.

Note that, if the function has an index attachment, the updating is
continued in the calling functions. There exists an editing command
permitting to travel through the newiy created conditional attachments,..
permitting to get an immediate impression of the range of influence of the
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modification, and permitting to correct - if necessary - the influenced
parts. Neediess to say, that the last modificaticn, during an editing
session, can be un-done : the tree takes hack its previous structure tf
this is the case.

5.2 pAutomatic Construction of Descriptors

Tne initial design of our PE has a limited possibility of automatically
constructing descriptors {(attachments).

During the editing of a function an index-program is automatically
invoked, attaching to the actual version @ description of what functions
are called (specifying the actually valid version of them), and indicating
which variables in 1t are local, which global {bound and unbound). 1t
equally updates the index attachments of the currently valid version of
the called function, indicating there the complementary information, i.s.

* that they are called by this version of the function. Also, the property
lists of all the variables used inside the function are updated with
corresponding information,

As previously mentioned, in. the paragraph on the evaluator, those
informations may be used by it for the symbolic evaluation. Nevertheless,
it is mainly intended for the interactive reading of the program and for
future debugging cf called functions : indicaticons ere given to the user
to check that the modifications are consistent with the different calling
sequences. '

In a planned further development of the PE, constant use of ths CAN
[Goossens 791 and PHENARETE system IWertz 821 are planned : esach of this
systems continuously constructing new attachments for every edited
version. CAN will construct symbolic contracts, white PHENARETE witl
construct alternative versions of the edited functions. For a precise
deseription of the capacities of CAN and PHENARETE the reader is refered
to i{Goossens 811 and [Wertz 73]3.
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6.0 CONCLUSIONS

In this paper a pregramming environment being designed and implemented by
the euthor {n [Chailloux 80, Greussay 78] has been presented. The
first version will be experimental; only intense wuse of it will
uliimately expose its strengths and weeknesses and determine the next
version.

The proposed system gives programming support to a single programmer or a
group of programmers working on a single, non partitioned program. It is
intended for use by experienced Al-programmers as well as by novice
programmers [cf my work with naive programmers [lertz 8111 and should, for
this reason, combine high level support, such as automatic updating of
descriptions and consistency checking, with low level support, such as
autopatic syntax checking during editing. It is centered arround an
interactive, structure oriented, language dependant editor, with special
possiblilities for handling multiple viewpoints of programs as well as
supporting the simultaneocus existence of multiple versions of a progranm.

The design is made io permit @ maximum of flexibility and of ease of
extension : every standard feature of the system can be adjoined by user
gefined simitar features.

The proposed PE intends to integrate - until now dispersed - subsystems in
a unified system of itnteracting modules. Much of its possibilities are
invoked automatically, without the user even beinhg aware of it, such as
the fact that modifications on one level of descriptions of the program
are automatically propagated to all the other dependant levels.

The programs are - internally - represented as program trees, possibly
containing multiple versions end multiple viewpoints of it. ODuring
interaction with the system, the user's cognitive capacities are never
overloaded by too large an amount of information, end only one version or

one viewpoint is visible at any moment of the intsraction.

It is planned, ultimately, to give the user the possibility to do al? the
possible interactions - execution, editing, tracing, etc — on any level
whatscever, with automatic references (whenever necessary) o the other
levetls.

Further development includes the adeptation of the sysiem tovards
sophisticated display technics, so that it would be peossible to display in
different windows, different aspects of the same program, and to show,
during execution, in different active windows the progress of the
computation.

Much work remains to be dons to make the system lndependent of a specifle
language, such as LISP. To this end, I think the internal representation
af the program irees can.-be kept, but ways have to be found to include,
incrementaltly, compiled code {for complled languages such as Pascal or
Ada) and to maintain a strict correspondence between it and the tree Like
representation of Lt. A special facility to "gererate’ editors far a
given language should also be included.
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To increase the efficient use pf the system, the notion of minimally
necessary information should be further developed.

At the time of this writing, only the  preliminary implementations are
finished : 1 have re-uritten most of the LISP system to hendle the
program trees, a prototype version of the editor and a timited version of
the evaluator are running. Practical experiemce in the use of the PE for
the construction of larger programs will be gained over the next months,
as it is intended 2s a tool for the further developement of the PE itself.
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