power but retain the disciplined viewpoint of the rest of
the system.

A final example illustrates an awkwardness ansing
not from the structural constraints of the Synthesizer,
but from the textual consiraints of 2 language whose
concrete syntax was defined to be unambiguous for
parsers. Inserting the template

IF ( condition )
THEN statement

into
IF ( condition )

THEN [Sltatement )
ELSE PUT LIST ( ‘whose else am 12" );

leads to an inconsistency between the explicitly derived
structure (an IF-THEN within an IF-THEN-ELSE)
and the structure implied by the parser-oriented concrete
syntax (aa IF-THEN-ELSE within an IF-THEN). Al-
though tempted to adopt the derived interpretation (be-
cause prettyprinting easily distinguishes one interpreta-
tion from the other), we elected, instead, to maintain
compatibiity with PL/I. Therefors, we prevent such an
insertion and require that the user provide 2 compou.ud
staternent explicitly.

There are many possible alternative designs, among
them the following four: a) the compound statement
could be inserted automatically when necessary; b) a
compound statemment could be displayed automatically
when necessary; ¢) the IF-THEN-ELSE template conld
be defined as

IF ( condition )
THEN DQ; {smremenr} END;
ELSE DO; {statement} END;

-t

from previous op-code

d) the IF-THEN template could be ckdnaicj hereby,
requiring that every conditional statement have an
ELSE-clause. In this final case, the dzspl.ay of an empty
ELSE clause could be suppressed unless necessary for
disambiguation.

VI. Implementation

A. File Trees

Synthesizer files are represented internally as execut-
able derivation trees. Each template or phrase is repre-
sented in this tree by 2 separate node. The pointers
connecting nodes are, in fact, goto instructions for the
interpreter; the null pointer 1s a kait instruction. Nodes
are variable length; each is composed of three sections:

Laxtcnsion ] code l continuation 1

The extension identifies the node type and contains any
other information needed to generate the display of the
node but not necessary to execute it. The code section
contains interpretable op-codes for executing the node.
The entry point of the node is the first byte of the code
section. The continuaiion contzins a goto linking this
node to the next op-code to be executed. The target of
this goto is either the entry point of a sibling node or an
interior op-code of 2 parent node.

For example, the template

IF ( conditior )
THEN staternent
ELSE statement

bas the internal representation given below.

to next op-code

LE l halti skip__2__on_ false l halt I skip__1 | halt Igotol1

This node is tagged in the extension as an IF-node. It contains op-codes that irmplement the proper control flow and
three hait instructions that represent the uncxpanded placeholders. When the template has been cxpa.ndcd 0

IF(k>0)
THEN statement
ELSE PUT LIST( list-of-expressions )

a link 1o Polish postfix code for the phrase k > 0 replaces the first halt op-code, and z link to the node for the PUT-
statement replaces the third halt op-cede. A halt instruction remains for the other statement placeholder:

l from previous op-code

10 next op-code

| IF | goto ;| skip_Z_on_false | halt | skip_1 | goto ,] goto } |

L condition | code fork >0 { goto ‘-]

571

[PUT | hait | goto ¢ |
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The interpreter is classical: it executes straight line code
and goto instructions. [t is completely blind to the strue-
ture of the tree and requires neither recursion nor a stack
to execute 2 file tree. Access to variables and procedure
definitions is through a symbal table.

The editor walks the tree using the same gote pointers
as the interpreter. Each cursor position designates one of
the nodes of the tree. Cursor motion is defined- with
respect to a preorder traversal. There are no backward
pointers; thus, backward cursor motion is implemented
internally by going all the way around.

B. Declarations

As demonstrated in Sec. I1.C, declarations present a
special problem: modifying a declaration can simulta-
neously introduce errors and cormrect emors at other
locations in the program. Internally, information about
identifiers is stored in a symbol table. When a declaration
is modified, the Synthesizer discards the old symbol table
and traverses the tree in preorder reparsing and redoing

. the semantics of every phrase. Phrases with errors are

marked 25 invalid and are printed in the hightighted font
when the screen is redrawn. Because the allocation of
variables within an activation record is recomputed in
the process of reconstructing the symbol table, access to
the variables of 2 suspended activation record is lost in
the process. Therefore, execution cannct be resumed
after such modifications. |

C. Displaying the Tree

The print representation of a file is generated from
the tree; a text representation is not saved. The external
representation of each kind of template is stored in 2
table: The entries of this table alternate between terminal
strings and placeholder-descriptors. For example, the IF-
template is encoded as:
condition-descriptor
*)\V(\nTHEN"

. statement-I -desc@atar

“ELSE”
statement-2-descriptor

aYate

The placeholder-descriptors identify the placeholders
and their positions within the code section of au internal
node. The terminal strings contain key words, punctua-
tion marks, and formatting control characters that are
interpreted on output. For example,

\{ means

move left-margin right one unit,
\0 means

line-fesd, carriage-retumn to current left-mar-
gin,

move left-margin left one unit,
carriage-return to current left-margin.

\} means
\r means

The print routine traverses the tree in preorder, simul-
tancously keeping track of position within the external
representation of the appropriate template. Each termi-

572

nal string encountered is printed and its formatting
commands obeyed. Each phrasc is translated from post-
fix to infix for display. (The parentheses of a phrase are
saved in the extension of the rode encoded one bit per
operator.) -

As the tree is traversed for display, 2 table mapping
internal node addresses to external screen coordinates is
updated. This table is used both for cursor motion in the
editor, and at runtime for the trace feature.

D. Implementation of Debugsing Features _
The tracing, pacing, and single-step features are im-
plemented by taking appropriate action on the interpre-
tation of each goto leading to a new node.
When tracing, each goto uses the map from intemal
node addresses to screen coordinates to determine

" the new cursor position. If the map is not defined for a

given target node, then the cursor Hies outside the window

. and the program is redrawn with the new cursor position

centered in the window. Traced programs are never
permitted to run any faster than one cursor npdate per
refresh of the video scréen in order to avoid stroboscopic
effects such as loops that appear to run backwards. When
pacing, the interpreter wails appropriately at each
goto before continuing execution. When stepping, the
interpreter waits for 2 resume comumand before contin-
uing, : .
The variable-monitoring featore is implemented in 2
straightforward manner: a table mapping identifiers to
scTeen positions is maintained. Assignment to a moni-
tored variable is detected by the ifiterpreter whereupon
the appropriate position is updated on the screen.
Reverse execution 2iso has 2 straightforward imple-
mentation: the forward execution interpreter maintains
2 history file of the flow of control and the wvalues
destroyed by assignuments to variables. The reverse exe-
cution interpreter restores values and npdates the screen
to give the illusion of the program executing backwards.

Vil The Synthesizer Generator

Continuing research and development of the Synthe-
sizer will increase its power, versatility, and range of
application complementing the unique syntax-directed
mechanisms the environment already provides. For ex-
ample, global data flow analysis techniques will be used
to answer gueries about static program structure, as in
[18}. The video display can be used to express static
relationships between comporents of a program; the
muitiple fonts of a terminal can be exploited to highlight
regions of interest. For example, the programmer might
request the highlighting of all uses or all assignments to
a vanable X. Alternatively, the analysis can be keyed to
the present location of the editing cursor. For example,
the programmer might request the highlighting of all
assignments to X that can account for its value at the
present cursor location, or 2l possible uses of X that can
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- rfbe: reached from the present cursor location.

To faclitate such further develepment, we are imple-
menting a language-independent system for generating
Synthesizer-like sysiems from 2 grammarical specifica-
tion of a given programming language. An attribute
grammar will be used to define the syntax, display
format, and semantics of each template and phrase. In
our application, where program units are inserted and
deleted in arbitrary order, semantic analysis must be
both incrementzl and reversible. For this purpose, attri-
bute grammars have the advantage of expressing seman-
tics and context-sensitive constraints applicatively and
on a modular basts; the arguments to each semantic
function are imported explicitly from neighboring nodes
in the derivation tree.

Because propagation of semantic inforrpation
through the tree is implicit in the formalism, an incre-
mental attrbute evaluator can update the appropriate
attribute values in conjunction with each editing opera-

tion. In particular, because the attribute dependencies.

are known, the evaluator can delete semantic informa-
tion automatically when program units are deleted; a
separate mechanism to undo semantics is not needed.
We have described one such incremental attribute eval-
vator in [8f; more recently, we have developed an opti-
mal-tine incremental evaluator that runs in time pro-
portional to the number of attribute values that aciually
must be changed [21]. '
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Exparienges with the P56 » Progqraming Syaten Generator

&
G. Snelting

Institut £ir praktische Informatik
Techmischs Hochschule Darmstedt

developed at the Technical

progronmming  gysten generstor
Darmstad sophisticated interactive programming
e . gmetate; definitions. From a formal, entirely
e's syntax, context oonditions and

tional saramtd prod rid editor, an interpreter and a
Eyrivie e r.:z allwm bws1-.1.-uc:mm editing ond text editing,

Wum wngmmlmmdia. e edirwogrﬂt.im of syntax and samantie errors. Tha
oo tﬁsed to generate envirorments for PASCAL, MOOULA-2 and

tion of the
fonm)  languag finiticn language itself. A brief descript
o lmmrw:t:e amd the definicion languege is glven, 1ra.nd m:'
expariences with fooral lenguags definitions ave dumu'sed m&mozbswuquagmm
definer's point of vies as well a3 &mﬂwmmrspo

the genernted envirorments.

1. Introduction

e
The Programming System Generator pSG duveloped at the Technleal tUniversity
enviren«
of Darmstadt  gencrotes 1anguage-dependent interactive programming 2
meres  from  fonml  languaca definiticns., From a formal definition of a

language's syntax,
infonmaticn 1t produces an integrated software

of the major oomponents of a PSG envixonment
Which allows structure oriented editig as well as text editing. In stric—

nre mode, the editor guarantees prevention of both, myatactic and semantic
arrors, Whareas in textual mode it guarantees their immediats recognition.
The editor Ls gonerated from the larquege’s synt.nx and context, conditions.
Purthemmore, a P33 enviroment {ncludea en interpretar which is generated
fcem the langusge's denotational pemarrics, A language-independent libm

irooment .
system is part of a PSG eV
units for editing and interproting are called fragrents. A

is a powerful hyvrid editor

The banic

® work of this author was gupported by the “Deutache Forschungsgemein=-

fragnont is an arbitrary part of a program, for example & statenent, a
procedura declaration or 6 whole program. Fragrents are internally stored es
abstyact syntax trees. Fragments may ba incomplete, that &g, subcamsonents
may ba missing. Misaing subcamponenta  ave called templates. Bottam—up system
development la provided by conbindng fragments, while the fragments them-
gelves are coastructed top-down.

Tha editor supports two input modes, which may be mixed freely by the user.
In textval mxde, the oditor behaves liko & normal screen-oriented text
edltor with the usual copabilities to enter, modify, dslete, search ete.
text. By keystroke, 1ncremental syntactic and semantic analysls are invoked,
If the input was error~fres, the text will ba pratiy-printed and editing may
proceed, 1f sy syntactic or semantic errora are detected, an error message
will be displayed by a menu-driven error recovery roting, Earliest possible
detection of both syntactic and somantic errore ls quaranteed: As soon as a
frogment cannot ba embedded into a syntactically ard semantically corvect
program, it will ba classified as erymmecus. For semaptic arrors, this works
aven if declaraticns of e.g. varisble typas are atill misaing.

- In structured mods, programy  are developed in menu-driven refinement or

modification steps. ihe memus are generated according to the abstract syntax
of tha language, The usual structure oriented conmards are offered to the
uger, such as refinement of a structure, salection from alternatives of a
syntactic clase, modification, insertion, and deletion of substructurcs,
zocming . of -mbstzu::un‘u. copying of substructures etc, However, the menus
are filtered dynamically by the context analysis, such that only those
meu-items  producing syntactically and semantically correct refinanents
after selection will be offered to tha user. Thus, in structural inpat mode,
neither syntactic nor semantic errors can occour. In addition the user may
rotraive the context informotion which has been derived so far. For example,
ho might ask the system which variables are already declared, which varia-
bles are still undeclared, what possible types the undeclared variables may
poscens atc‘.

Like the othor system oomponents, the interpreter is able to handle arbitra-
ry incomplete fragments. As lax aa control flow In the interpreted fragment
does pot  touch any syntactically incomplete Atructure, the fragrent can be
Interpreted without difficulties. If £flow of control encounters a templace,

% According to our philosophy, deciaration bafore use ls not requiced.
An undzclared varieble is considered a semantic error as soon as the
1ast teampiate offering the possibility of declaring that variable
has been doleted

20



=
the editor will be invoked asking tha user to enter the missing parts of the
Erngrent. Alternatively, the langusge definer may force the interpratar
to ask tha user for a.g. values of wninitialized varisbles or missing

expressions.
A larguage-independent fragment Library sytem vhere fragnents are stored as
sbstract gyntax trees is Aalso part of a generated envircoment. Reading,

writing and rewriting of fragrents 1a svtomatically performed by the ?dlwr
if reguired, Deletion of fragmants requires an explicit user cammnd. PSQ
ervirooments offer the facility of redirecting input to external text files.
Purtherrore, fragrenta woy be written in pretty-printed style cnto external

L4
filas,

3. Wnhat the lanjuagu dafiner hns to do

tne of UwcnostixrportMgoalsduringdeevelopmtofPSGhasbeenm
definition of a formal language definition lamrjusge oovering tha whole
spectrum of a language's ayntas, ecutext cooditions and dynamic semantics as
well as all of the additional inforration required by an interactive
awirorent .9, memi texts or peetty-printing ini‘omatlon.l Thus, the
lanquage definer working with PSG is offered a formal, nonprocedural
definition language. This is in mikixgmmsttomstexinﬂmmﬁm-
ment. gcﬁerlators. which frequantly support only tho forml definition of the
syntactic aspects of a language. For example, tha language definer working
with GREALF [HabA2a) has to write so—called acticn routines in an ordinary
progranming  langquage; meaomimmthmwulparﬁxmtukssuchuwpe
checkimg, code generation ete. Uaing the Qorell Program Wmm:‘:smtl
[Repdl), which is based o attributed grammrs, :::he tanguage definer
i a functiena in the larnguage . )

po:cmmma:u::mum consists of throe major partsi the definition of
the gyntex, the context conditicns, and tha denotational semantics of the
lanquage, ‘'The flrst part is mordatory, the others are opticnal. Symtax and
semantics dofinition vely cn well-kom cencepts. However, new conoepts

based on Al technalogy had mbedwelopaifardnflnlrgmﬂc}m&d:ﬁca‘{taxt_

corditions, dus to the gpecific requirements of interactive enwircrments
Whera programs  ars  usually incorplete containing  e.9. pending vexiesble

declarntiona.

Dafinition of the gyntax
The syntax definition pert starts with the definiticon of the loxical

which {8 ueed to gonerate B SCANNEY. The langquaga

gtructure of the langquage,

definer has to specify all reserved words omd all deliniters {special

nytrbolnl. Each lexical entity 1s given & nama. For PASCAL, this locks as
follows

if -» ‘IPY:
then ~» ‘THEN';
alze -» *ELSE';
becomasg =2 gm ¥
oqual) =t m 'y
gem ="ty

ete.

The abstract syntax, which forms the second part of the syntax definition,
is the care of any lenquage definiticn. AL other parts of a languaga

definition refer ¢to tha abstract syntax. Abstract syntax rules look like
l:.'him

CIASS statement = assignment, forstatement, compound, ifstatement, call
BODE aseigrment 331 variable expression; '
HODE forstatement 1t Id expression to or downto expression statements
NODE eoxnpound 11 statementline
LIST staterentlist = gtatements)
WODE ifstatement 11 expressicn statement [mtatement);

MO call 13 I3 (paramsteriist];

JLIST paramaterlist = expreasiont;

CLASS variable = 1d, record ref, arvay ref, pointer ref;

- CLASS expression = variable, constant, additien, subtraction, ...
MOOE sddition 11 .expression expraession) ‘.

eto.

CLASS rules describe syntactic alternatives. NOOS rules define gubstructures
of & syntactic entity. Substructures which are optional are enclosed in
squara brackets. The mmber of a noda's substructures is fixed, although
thay my be of different syntactic typa. LIST nules define syntacuic
entities with a variable number of substructures of the same syntactic type.

In a P20 envircomant, fragments are intermally represented by abstract
ayntax  trees, HMissing substructures of s node are represented by tree
templatozy they serve as placeholders for pending refineaments. Missing

sublists of a liat are called 1lst templates, they muy be moved, doloted ard
inserted fresly within a list.

# In tho followirg, all examples rafer to PASCAL

oo )
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JUAN
*{* has type integer {cr a subranga thereof), that ‘a' 1s a

immediately that
and that tha

ecne—dimensional array with index and component type integer,
stiil misaing right-hand sida of the assigrment muat also be canpatible with
integer. If o user types \TRUE' as the right aide, n semantic error mist
jmmedistely be reported. In additicn, the menu for the right-hand eldo
torplate should be flitered 4n such & way that the memu item for the
conatsnt  PTRUE' will not be displayed, as well as all othar non-integer
expreseion ltems.
The classical methods follow the pchates! flrst inspect the declerations aml
collect information about e.g. types of varisblea, then use this informaticn
w check typs incompatibiiivdes In expressions etc, This schéme does not
worh in the obove exwsplo. .
The conoept of context relatloms [HenB4] has been developed to overcams
these difficulties with the clasaical methods. Tme baslc idea is to capute
a set of stil} possible attributes for each node of an incomleta fragrent.
A collection of still possible attrilate assigments to the nodes of &
frogrent  de called a context relation, If
exactly one taple, the oontext information is wmambiguous. If a relation is
ampty, s seentic error has been detected. 1t can be shewn that the context
relation of a coposite fragrent is Just the natural doin of tha relations
of ita subfragrents. Therefore context oooditions may be computed incremen=
tally during editing. As context relations are in general of infinite size,
they are [representel in a finite way using so-called tarm form relationn
with varizbles. ‘The basic ides iz to describa tha set of possible attributes
by o grmmar, -the co~called data attribute grawnar. .Infinite .sets of
attributes are then represemtod by incarplete derivation trees according to
the data attribute gramvor; in oddition these derlvation trees may contain
arbltrary furctimonl dependencies botween (oub)trees.
To spacify ootext conditicons, the langusge definer first has to defina the
gcopa and  visibliity rules of the languago. This information is used to
detepmine whether all the differeuot occurences of an ldentifier in a
frogment.  actually denote the sume apbatract®  fdentiflar. 1f so, their
cofresperding sots of still poasible attribute values may be inmtersected.
The seoccd part of the context conditions definitidn is tha specification of
the data ottribute grummar. Here, tha structura of the attributes of the

langunge 1o defined. Typical rules lock like this:

NOE attribute 11 type classy
CLASS type ® aimple_typa, 05YDy LyPes oot Eypas ee }
CIASS simple_type 2 arithmatic, ordinalt

such a relation conalsts of -

'CLASS ardinal = integer, boo unara
’ lean, subrange, en
NOCE pettyps 11 ordinalp Her
HOOE, arraytyps s Irdex_types typa;
LIST irder_types = ordinai+y
CLASS class = varisble, ctype, conatant, proesdure, function
» PRI §

¢ eea )

~&ta,

Tha attribute format definition forms the third part of the cont
:.:.c:;a d:::-ﬂ;::'n.d:mm the format definition of the mlﬁ
of the w‘u . u.mit speclfies how attritates ghall be displayed
Thd last and most lmportant partw.[:lt:b:;bm
crad
:{::cim o:mtha;:‘—mned basic relations, M\id’;t::rtd::i:::zi: 2:
epinats mn:da rule oftlwabstmctsyntax.hsthomnmt
e * & tha doin of the relaticns of its compxornents
opecls of tha basic relaticns provides encugh information to anal '
o 'f;:i:u uin:rp::;:ny;n;ﬂbasic ralation comeists of a set 'of t.up:::
.arnmdamy ta) et of attribute aasigrments to the

Dmupormtsf ® i @ resp. a terminal. For instance, the basic relation

syntactic er nunber consisting of a single tuple might ba:

Int1 Mé-attribute(lnteger, constant)

which

e specifies that an integer number has type Integer and is & constant
ifﬁstimtadﬂpeﬂﬂcat@smnboobmimdbyuﬂmmiablm tdxich

spec t certain subattributes ,

oot must be identical. The basic relation for

assigrment 11 variable expression

containg three tupels, which use the variable TYPE:

" asglgrment ttribute{TYPE, varisb iinrte
; HIL l-ﬂ-a { , le} Mi-atir {TYPE, camputaticnal)
| :ﬁ: Mi-attribute(real, Varishlae) Mi-attributalinteger, conputational)
Me-attribute(TYFE, function) M-attribute(TYPE, computaticnal };

vhich says that in an assignment either
— the left-hend side {s a varisble of a certain TYPE, and the right-hand
aide i3 an expression of the sams TYPE, or
~ the left~hand side is 2 real i
variable, and the right-hard
integer expression, or ’ e
= the left-rand side is a fimcticn identifier with a certaln result TYPE,

N
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. Boing the fourth part of the syntax definition, the format definition- s a
. tree—to-string transformation grammr which is used to construst the
external textual rvepresantation of an abstract trea, Preteyprinting infor-
mation £a part of the format definitdens

cgﬁ
The strusture oriented ocommrds and memis offered to the user are gmted
sctording to  the abstract syntax. For exmiole, each tenplate ls assoclated

with a menu of refinemert possibilitiea, Bowever, thia menu is dynamically

forstatement =» 1 for I4 becames expression to expression do statemsnt [2)

filtered with respect to context conditicns (sen below).
ifgtatement => 1 1f expression then‘ statement(2] (otatement{2] ~» | alsa,);

The concrete syntax, which is the third part of the syntax deflnition, is

used to genarate on incremental parneT. The concrete wyntax e restricted to
fll IL(1} grommars, It includes transformaticon rules which specify how to
build abstract tress from textual fnput, Thus ths concrete synioax Ls.
actually & string-to-tree transfomatien grammar. Concreta syntax rules lock

lika this:

[

gtatement £ .., )
| NOOE for, Id, beccoos, axpression, to or downto, expreasion,

do, statement =» forstatement
| ‘WOCE begin, staterentlist, erd => carpourd

| 2O0E 1d, optparemeteclist => cally
statementlist p:# LIST statsment-sen:
optparamotertist 1= {1p, parameterlist, rplt
to_or_downto 1tw TERMINAL to | TERMINAL downtot

e,
The ®OCE, LIST and TERMBRL keywords and the ‘[*, ', amd ‘=m>' dalimdters

aooc i fy Tov to bulld the mbstract tree during the paraing process. However,
the situation i rot slweys that simple, Prequently, s concrets syntax does
rot merely reflect the rules of the bdbstract &ymtax, dua to cperator

precedences  or  left-factorization used to avold IL())-oomflicts. Yor

gxamle,

expression 1:= aimple expreasica, simplexpr_tally

slmple expressicn ii= factor, ...!
sinpleexpr_tn.u 1= UPDATENODE emmal, simple expressicn e equal expr

| BPTY:
Here, the UPDATENODE and EBAPTY rules wlll construct a correct eqoal_expr
trxde, although  the rules roflect cperator precedence and are left-factorl-

zed, .
Tha parsar will perse any Input entered in textual moda. It accopts arbitra—
ry vaiid prefizes of any input enforming to the syntacticzl catagory of a
glven templote. If any syntax errors are detected, a recovery routins will
conpate B Menu compriaing all local correction poasibilities, which i

prosented to the user. The user may then correet his input either in textual
modn or by seloctico ameng the merm items,

In the exarple, *I° means start of & new line, and indentation factors may
bs specified inside square brackets. Parentheses &ro used to speoify
ocoxditional formatting: tha keyward 'ELSE' will be displayed ady 4f tho
eptional  else-part of an ‘ifatatement’ is  indeed presant. Conditional
foonatting 18 used also to re-insert parenthesss into expressitms if
hecoedsary dua  ¢o eperator precedence (note that parentheses are discarded

. Guring pareing and that operator precedences are reflected by the abstract

tree's  structure), A string-to-tree-to-gtring transformation vhich is
parformed by ‘parsing textual input, buflding the abstract trea and pretiy-
“printing the abstract tree must yield the original Input text exactly
excopt for spaces, newlines snd redundant parentheses,

In the last part of the syntax definition, headers and meny texts have to be
specified which are used to generste tha textual representation of tewlates
and mwerms, For each nmamirgin&mabemctsynmmertmm;mm

. has to be apecified:

- Statement, -» ‘Amveisung'y
ifstatoment - 'Bedingta Arsrefoung 'y
. \ * .
For each syntactie class, menu texts have to ba specified:
ptatomant. = 'Zumisuny’, 'PCRnAMIswx;'..'Verbmdmismg', ver f
For purposes of generality, syntactic entities fay poases different extornal
names, deperding en thelr occurence in templatas or in menus.

The definiﬁion 6f context conditions

.The  context analysis of PSS has been of epeclal interest, since the ‘classi-

cal metheds like attributed ‘grasmars [Knu6d] turmed out to be inadequate
even if attribute evaluation {s performed incrementally [RepS83). Consider
the following situnticas In a PASOAL program-fraguent, the variables 'a’' and
*1' - have not yet been declared or used, and a declaration-template fn still
present. Mow the user erters mn inconplate assigrment:

afali+l]lie

Adthough *a' and 'L’ are gii)l undeclared, the context analysis sust dorive

L3

_/02}/



- L]
-

—

L
and thas right-hand side ls en exprassion of the sama TYPE.
puring editing, an inference engine s used to derive context informatlon
from the basic relations as gemcxistrated in the above exarple. Mote the
simlarity to the Al-puradigms of {inference-rule~based deduction systema.

The definiticon of semantics .
wWithin ths PS3 system, t]mdynmicuumnticsofalm@meudeﬂmdln

demotational  style [Gar79]. The denctaticoal semantica is used to genernte
&n interpreter. The samntic functicns are defined in a META-IV-Like [Bio78]
ertensien of type-free lombds calculus. This metalanguege supports high~
~level ooroeps Like lists and  maps and allows the defhﬂt.im' of higher-
—crder-functionsls of acbitrary rank, The terms of the metalangqusge are used
a5 an unlverpal intermsdiate language. If a fragment is to be axecuted, it
will be translated into a term of the metalanguage, uging the definitions of
tha somatic fmctions. This tems willl be interpreted, that in, reduced to
roreal fioem, 'I\wresuldxqtermintheresultofpmgmuecmim.

In cortrast to systems Like SIS [Moa79) our interpreter allown interaction
with the user during pro;rmaecutim!nm‘dertomq:plyhrp:tdata. o
entar values of uninitialised variables ete.

The definitien of the spemantics consists of threo parts. First of all, a
pet ofmnilimﬂmtimmbe\madelmareinthewmmicsdcﬂnltla:
may be defined, For exmple, the definition of a "distributed concatenation
brctien for & list of lists {which in supposed to be usad In several
distinct zamantic Amctions for dlffercut types of lista) looks as followst

discooc = LAM 1ist_of lsts, IF HULL llst of Msts THEN ¢
FLSE OCNC HEAD Mist of lists, (disconc TAIL List of llats):

lors, LAM denotes functional abstrpotion, parentheses denote fimcticoal
spplication, WAL is a test for the erpty llst, ONC, HEAD m:i"mn. have
their usual mesnings, and '¢' denotes tha emply list.

The main part of the semantics definition comprises the serantic functions
for esch syntactic entity. In a PASCAL~subsct without GOTOs and side affects
of functions, ths meaning of 2 mwnmtmyboﬁeﬂxmdaaamﬂum
Wiich mops envircmments onto functions vhich map states to states. The
weaning of an expression is & functional which maps emvircometita cato
fucticns from states to values. An envircoment is a map vhich maps identi-
flern to tlocation, descriptor palrs. A state ja a map which maps locations

 For the sake of rasdability, thia specificaticn does rot exactly

1o atim TEA abnndamd Tharnlarmeeat meveem b Y S

to values. Thus, the somantic function for a conditfonal statemont might
look as followsy '

ifnlt,atcmmtl LA env, IPM ptate, IF ({ | expr;anlon M env) state)
THEN ({ |[ statement 1 ]| env} state)
ELSE (( istatemont 2(LAM env.LAM stata.state] env) stata);

CThe *I0* and *JI' brackets are tha “meta-bracketa® \-h.\ich denote the meaning
finctions of the subocompements of a pode. The special form '[* ,,, '}’ ig
used for suboomponents which are optional (nsthemSE-partinmemTple).

If the optional eubcorponent 4a mlasing, tha function following the colon
will be used. '

The third part of the pemantics definftion describes the meanims of the
executable fragments. Typlcal examples are

procedure declarations '', ERROR 'Procedure declaration is not exacutable’
statemenie 'Result of statement execution with no variobles declared
or inftiatiredt’, (( |[ statement 1) (1) (),

vhers ‘[1' denoctes the empty map. Mote the difference between the result
of a 'statement' executien specified here and the semantic function for the
mmtactic clams ‘statement’, to which the abova definition refers.

+

3. Experiences with the generator and the generated envirormenta

Untll now, enviromments havo been generated for Algoléd, PASCAL, MOULA-2Z,

the language definition lanquage itself, and some axperimental specification
languages. The language definiticn envirorment has been used Intenafvely
not only by the merbers of the project team, but also by lots of students,
o3 most of our environments have been generated as part of diplom theses.

At Keisarslautern, PSG has been used along with other systems (GAG [Kas87)

ond GANDALF) in student projects for the implementation of a PASCAL-subset.

The  PASCAL~umvirorment was usod to inplemant other parts of the PSG system,

Thus, wo  feel that by now we have gathered substantisl axperience and that

w2 are able to conpare cur approach to othars, especlally GANDALF amd CPS.

The benefits of a forml largqunge definition 1srruage

In (Hab84], Habermamn states that “the state of tha art has not reached the
point where all of the task-gpecific (i.e. langunge specificl part {of an
envirommant) con be formily deseribed and automatically gensratsd”.
Howaver, our experience with PS3 Indicates that this point hag been reached
by now, at leant for langusges of a complexity pot greatar than that of e.q.

1

%



>

3

PASCHL.,
The use of a formal language definition lanquage haa many sdvantagest

- In view of the power and carplexity of the generated enviromments, PSG
largusge definitions are very ahore. Typlcally, they vary in slze
betwoen 248 lines for sn Algol6d envircrment without eontext conditions
ard semantics and 3683 Lines for a MODULA-2 envirocoment inclwding full
specification of eontext conditions and denotational semantics.

- The expressive power of the language definition lanquage allows cxcen—
traticn on  the relevant agpects of a language definition. The language
definar does not have to congcern himself with minor detalls such ag the

oryanizatio of syntol tables etc.
- PG lanquege definitions are safe, since all inconaistencies in a
-]

definition are detected at generatiocn tima.
- The wmedular desiqn of the langusge definition language lmproves road-
sbility and relisbilicy. It allows the irdependent definition of the
coatext dependent, and semantic anspects of a language, once

syntactic,
the abstract syntax has been defined.
- a fommal larquage definition larguage is an ideal tool during the

developmint of new  langquages. In 2 “larguage design lab®, language

definitions are easily mxdified and tested. : '
As & consequencsa, the sount of manpoeer  to generate an envirorment, is
amalls A moderately awake grajuste student with some backgroard in program-
ming languxges ord sane initial krowlegde of tha PSG-usar interface will
specify ond demry an Algoléd definition without context conditions and
semantics within ten days. Tne MOOULA-2 envirorment {ncluding full specifi-
ouon of ceatest corditions and denotaticnal sementics was defined as part
of a diplam thesis within eight months. Thus, the use of a formal language

definleion langunge allows the gqudck generation of correct, rulisble and .

powerful progratming erviromrents.

The benefits of the hybrid editor spproach
tn [Feif4), HKelser ard Feller state for structure criented editors that

“in order to wedify an expression, ... , the user mast wnderstand the under—
lying tree representation and enter & redicus sericus of tres criented clip,
delete ard  insert comrands. Unfortumately, complete parsirg of all expres-

® At the mement, this is ot true for the semantics definitien, as it is
tased on typs free lamixa celeulus. However, the implementation of a
type inference algorithm allowing hardling of polymorphlsm, pverloading
ardd coerciocns Ls about to ba carpleted {see [LetB41).

slons u
oo mﬁt;l:o,mwmw « T™is i3 true not only for expressions, but also
sy o Statements as well as for any synmtactic entity
o e programs.  In [RepS1]), Teitelbaum and Reps state that
of a Mﬂ_leloopinmnrepeatlmp)ms:bea.cm:plmhmw
meving the oonstituents of the existing WTlE-template fnto » newly inserted
WITL~template. Although such modlfications can be mede rapidl
are admittedly ewkward®. Within a PSG ervirtoment, problems o:; ;I.\J..‘ o
.do not exist, since users may ewitch freely between textua) m:eﬁ
structure sods. Purthermore, o experdence indicates that experienced
xrm:n prefex  textual mede not only for modifications, but also to
g+ a sequence of Btatements or even a whole procedure. Since th
Parser accepts arbitrary incomplete l.npm.mﬂ,incasaofsynm :
generates a menu of all possible local recovery actions, textual irq::m‘
zeemy to be quits attractive for users wio Jnow the conorete syntex oftthenédi.:
mlanguagnw;.wmrthemuu re, arbitrary parts of a fragment may be read in frem an
e e e, On tha other hand, mexperienoeduserstuﬁtnprefar
R dmj:; By“ﬁlymecﬂrgmmuitm. they need not bother about
& m: they do not Jmeow. Thus, the posalblifcy to mix
textual structure mode freely seems to be tha most flexivle
general, and user friendly eolution to the dichotomy of viewi p‘rt:grams.
either as text or as structure. ' i

Tha benafits of dmc conitext sensitive wenu £iltering
::fﬂaham:] Habemmann states that “we believe that Preventing mistakes is
Vs\q:crior to making the user fix them. ..., (however) as to senantic
errors It s difficult o gee how to avoid thm".w.thinamgwirmm.
structured mode prevents syntactical ad  semantical errors dmtot;;
a)w:;cm eontext-sensitive memu filtoring, This featurs is not provided by
:xybi.mwmvmmtxmmus. Inmmmlnoqe, the usar may slways type
mym' m. :Zn“tncutislmmmicuarmwinbedetmad
mlmmdind .guuran t Pprograms are correct at every stage of
We believe that our enviroments support  syntactie and  semantic error

‘Frevention - in the best possible way. There is, howover, cne problem in

mecu;; with ocartaln modifirations: 1f a usar modifies ¢.g. a procedure
mdoclmat Mb:m:d;r:“a:m extra paramater, context {noorpetibititfes will
procedure is called, If the colls are redified

:llmt. they will bacoma incompatible with .the procedure declaraticn.
mt}j::h i: m:g;hzntj;ﬁideredbad progranming style to modify the types of
ed mannoer, the user can circumvent such situsticns

o
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by taporarily deactivating the contert anslysis. It fe plonned to modify
the contest analysis in o way that enables 1t to toleratas faulty subtreea
tanporaraly.

Dravbacks in generality amd parformance _
PSG is not the ultimate system, as there ramin several unsatisfying points.

A formal larguage definition language enables langusge deflners to genarate

environments in A rapid and relisble way. However, the aumrent implemen-
tation of the definition loarguege imposes sume restrictions on ths clane of
largusges which may be defined with PSG.

First of all, 1f the concrete myntax of a languags canmot be made IL(1),
the lanquage cammot be defined within PSS, 1t {3, however, Aifficult to pee
how o incorporato & more powerful parsing techniqus. Bottae-up technlques
such os incremental IR paraing ({Ce178)) do not' fit in our Eramework. LL(X)
with k » 1 iz preblematic in view of the requirement that arbltrary valid
prefises of sentential formms must ba parseabla.

Certain langusges have context conditions widch are not definable within
the current definition lanquage. The scope and visibllity analynis cannot
handle features 1like elliptleal record references In FL/) or FORMARD
ocedure  declarations In PASCAL (which will lead to a 'double declarstien’
arror). Within cur framswork - no declarations required bafore use ~ FORBRRD
declarations do not make sense amyway. The cortext analysis phase is unable
to hardle user-defined polyrorphic or overloaded cbiects such as overioaded
functions in ADA, He arm currently worklng on o more powerful,speci fleation
langurge for context conditions which will overcsms thess shortcomings,
Finally, the scmantics definiticn language is unable to handle any form of
parallel fmn, )

The perfomance of PSG envircoments has not yet geached productlon quality,
63 far aa oontext analysis amd progrom execution are concarned, For tha
cxtext analysis, this is primarily a problem of the curent implanentation,
wilch {8 morely a prototyps. We expect that A more sophisticated inpleman=
tatien will result in a tims speedup factor of at least five. However, the
imringic complexity of the method is greater than that of a.g. attributed
grommeds For an abstract syntaz tree contalining n nodes the Repa/Teitslbaum
algorithn will perform with O{n), whares our method Tequires Olngln{n}).

Tha performance difficulties concerning program execution are of a alightly
different naturs, as we have difficwities to .sea how o' epeed p tha
interpreter almply by improving fts {mplementation, The Interprater is much
faster than that of SIS. Uowever, it is not fast encugh for production
programa, os ia also noted by Pleban for PSP {[P1e041). to thifk that theso

ghortoomings my be overoana by ocomilation of the matalernguage tetma

{BahB4b), utillzing techniques 1ika data flow analysls , eliminaticn of
mpeccssary call-by-nems and delayed evaluatic, and ellminaticn of tal)

recursicn and linsar recursion.

4. Concluaion

Wa presented  the PSS progromming system generator, which generates powerfil
interactive programming environments from forml language definitions. The
pros and cons of using a formal, entirely nonprocedural language definitien
langquage  have bsen diecussed, It turned ocut that use of & forml definiticn
language allows very simple and rapld generation of relisble and powsrful
envircrrents. On the other hand, certain strange and oomplicated features of
certain lanyuages are not definable with the anrently Irplonented defint~
tion lanquage, and the pearformance of the generated envircoments has not yet
reached production quality. Hevertheless, we balieve that the use of fonmal
lanquage definitions is en appropriate teol, and that the shortcamings in
performance will be captired by more sophisticated inplementations, shich
are still under way.
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