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Abstract -

A comparisop is méde betwean the competence and
Performance modelsrof Chomsky and the tweg elenents of Syntax
Proposed py McCarthy, Thesga Concepts are then 2xpanded over

Utteranceg in natural languageg and Progranms from

Programming languages, to cover the syhtax of a Program, the

underlying abstract elements of the 'program, the meaning of
the'proqram, ~the algorithnp Which the progfam Tepresents,
the prograp itself and'the Statement of the Problien heing
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Iqtroduction

Throuqhout the study of natural languag@s,‘the t¥o models
proposed by Chomskyn {1) plgy an important part in
distinquishih§ betweeﬁ those aspects of the generation of
.Sentential forps which are Purely machanical and those which
Ledquire undnrotandlng and knowledge. The compefence rodel of
language requires only that the SyYstem  can gensrate
grammatipally dcceptable sentences Qhereas the performance
nodel demnands that the uttordnces be meanianully

acCeptable. wWhilst competpnce Lequires only a knowledge of

HVQhe lanqnag@ pnrformdan addltlonally requires a knowledgg :

of  the doma in of dlscourse 1nr]ud1ng | the “épplicable
relationshipé'between words SuCﬁfaé the appllcablllty of a

Festricted set of adjectives-to a certaln claqs of nouns,

Examiﬁing the mogdels of competence and \pefformance With
respect to Programming 1anguéqes, it is founﬁ that more is
Assumed than just Simply Syntax and semantics, 1n an.attembt
to understang this issye, the 'Concepts of conérete and
abstract Syntax, as Propounded by McCarthy {2) were EXamined
close}y, together with the computer related notion of
semanticsg, It was Ffoung thaf these - three elementg by
themselveg formed an ihcomplete system, the Concept of an
“algorithp heihq noticeably absent, However, by subdividing
the notion of Semantics inte concrete and abstract foras,

this shortcoming ¥as overconme,
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Concepts from Natural Languages

Examining closely the knowledge hecessary to gencrate g
meaningful'utterance, it wag determined that four essential

elements exist

(n Knowledge of, énd the ability +o. utilize +the
syntax of the language of commﬁnidations, including the
dicﬁionary of available Wwords and +the ' rules of
formation of sentences (the S0-called grammar of &

language)

" (2) Knowledge of the environment of discourse '

including inﬁofﬁationrqregardinq 'the attributes of

elements in the envifoﬁment%%%hich”qre,named_ by words

in the Syntax,

(3) “knowledqe of, and the ability'to. synthesize 3
concept (an ahstract'idea) ¥hich is +o be communicated
“to a recipient, and |

{u) ‘knowledge of the acceptably meaningfﬂl forms of

Sentences in the language of communication,

Comparing thesge elements with Chomskyis models, it ig

found that the competent system requires knowledge of only
the syntactie elements of the lanquage, whereﬁs, tha
‘performance nodel requires abilities with Tespect +to alil

the three other elements, Inp essence, the grammar of a

---.—q.——q--.-—-nu—-u————--—-—m

*Knowladge of the attributes of ay object must alsgo imply
knowledqe of the applicabie attributes ang consequently the
dactions which are Pertinent,

Lo e
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lanquage is the basis foria Competence model and the actual
message delivered is g manifestation of the. performance

model.,

'Applyinq McCarthyig definition of @ programming language

to this situation, he also advocates four.elements 13)

"1) Bive the syntax in ap absfract analytic form; i.e,
for each t¥pe of eXpression name the bpredicates for
tellinq how it ig composed and for getting jts parts.

~2) The abstract isyntax makes no commitpents about how

‘sums, ‘groducts. etc., are actually repreqented bx'f

qymhcllc expresqlons.f To deflnp a concrete syntax ‘one
r@prnsants the__ abstract syntactlc _prediqates aﬁd
functions by fanctions of strlngss m

3) Next, one defines what information is "includid ip
describing the State of the Computation; €49., this
includas the valuye currently a4s8signed tb. the progran
Variables,

4) Then one des crlhpa the QLmantlcs of the languaqe by
Geflnlng a function angd q1v1ng the state that results

from applying the Program to the initial State,

This fi-tupls differs fron Our previous list iy the
‘Eollowinq hanner, McCarthy assumes that a Progranm alréady
€Xists and wishes to determine the Semantics of the lanquage
in terms of the Tesults of eXecuting that Program (that jis,
applying  the program to the initial state | One may

conclude therefore that HeCarthy's model of a language ig

Lol 2



PAGE 4
deductive Tather thap Geherative, apg thus the omission of

the concept of the task to pe fulfilled from pig model is

'intentional. Viewing this model from another Stance, if ope .

choosés to Nake the term . Semanticsg - Synonomoys With
algorithmic @eaning theﬁ MeCarthyeg nod=l hag the effect of
taking g PLogram anpdg deducing its Reaning jip 'terms of
'knowledge Fegarding the languaqge and  the Contents of "the
State of Computation,n | |

This cAnonaly can  pe eXplained jp terns of the U-tuple

N
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ABSTRACT

S A description of the Knowledge

gg 8patial relationships | 'regarding the attributeg

T befween Symbolg in of objects named by the

§é' the media'of - language symbojg,
communication,

S ,

B The The

M meaning concept to be trang-

;? of mitted by the meséage.

T the actual .

é message

S

Figure 1,
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The 3pplication of the Concepts to Programming Languages

In attempting to divide thé lconcépt of semantics into tvo
Partitions there was a. propen31ty to confuge ab:tract syntax
énd abstract semantlcs 4% a result of the (now) generally
accepted notion of abstract syntax, That is, there existsg
the idea that abstract syntax refers to the underlying
structure of the program which has'been generated through

the use of the corresponding concreote Syntax. This then

FirstlY it iS_imporféﬁirtO_ClarifY the'iséué tﬂgt.thé térm
"syntax" is ‘appllcahle to ObJPthllﬂ the domaln of discourse
of language, 1ncludlng the language 1tse1f. To refer to
"structure ip this sense implies the static relationships
between elepents of this set of obﬁects,.rathefr than the
dynamic control structure of the Program which jis evidanced

only during its execution,
Hence the abstract Syntax of a Program igs

(i) a description of the underlying forms of that

Program, its essential composition being devoid of any

restrictions which might be imposed on the concrete

text of  the PLOgram so as to render it readable +to a
htuman and Processable hy a Syutactic apalyzer,
{ii) knowledgé of the domain of applicability of

oparators and functions to the elements of that doméin.

R
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For example, the abstract. Syntax of a LTsp Program would
I .

show jtg intrineic elements Without  the necessary

Punctuatiop (parenthesesg and ‘Spaces) which aig# the

Teadability qf the  Lrsp text, Additionally tha. abstract
Syntax contaihs knewledge of the da+ta objects (lists) anq
the names of applicable functions, Also includeq muét be
Such items ag the number of elements (argumeﬁts) which are
needed by each function to complete.its repertoire of data,

The abstract Syntax may well tontain (or have the ability to

- Check) those truly Syntactic Properties which are difficult

(if not impossible) ”to"SPecify 'in ‘terms of cantext . free

”ﬁéfstems. Ledgardrs {4) proéuctiqn Systems basically contaip 

EWo parts whiep correspond Closely to the notions herein of
"concreten 4n4 Mabstracin Syntax, 7 Vhdditionqlly the

production systeq Contains a processgr wvhich not anly

-verifies the COrrectness of the generateg Statements, bhut

also develops ap environment through Which the validity of
Contextually dependent features cap be testeg, This can he
vieyad either as g Post-production Vvalidation System or an

intra-production Prompting activity,

The important distinction hetwaan the envirenment which -

Ledgard useg and the state which MeCarthy assumes is in the

domain of applicability. Production systems operate over ;

5syntactic environment which maps identifjarg (lanquage

elements) onto a ligt of attributesg (Cef. the above

descripfion of abstract Syntax) whereas tha McCarthy state
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is the initial environment of the semantic interpreter.
i .

Obviously there exists an overlap between these two notions

in the area of abstract syntax.

Once having established the syntactic. elements of a .

program, we can .turn our attention to its semantic
constituénts. Given the knowledge of the lénguage forms
fthat is, according to Chomsky, to be ‘competent in  the
1anquage) and cognizance of the domain of applicability of
references in the progranm Written in.' language, <the

originator of a program néxt conceives of the problenm to be

"solved and  expresses that solution in some algorithmic

entity, This algorithﬁiis,qeneral in form and ;éﬁunréiated
to the ‘ianéuage or theJ'Hatﬁséfsddesgrihed_ above. The
manifestatioﬁ of tﬂe algoriﬁhm ”aé """" ah’program. teed not
necessarily he feasible; on 'the -other * hand, the same

algorithm in the context of differing languages may result

in vastly different implementations.

For example, agiven the basic notion of sorting a vector of

values, in the environments of (say) LISP and APL*, not only

would widely different texts be produced but also the actual -~

implomentations of the same' algorithm woulsd result.
However, a wmorc detailed sort algorithnm, such.as a bubble
~sort, would restrict the implementation to the poiht wﬁere
(perhaps) neither LTSP nor APL would be fulfilling its
greatest.potenﬁia]. Such an evaluation is outside our 5cope

b it R e

*Assuming the 1lack of a sort function using the grade up
operator. :

-
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at this time,

In naturag languages,r.absfract Semantics are Teadily
described ag "the Concept tgo be_transmitted..."; this easge
of definitioﬁ-may be due to 3 lack of undérstanding'af the
pPsychologica] factofs involved,'but SUCh a simple definitjop
isl not readily_ forthcoming in relation ¢go Programming
lanquages. At thisg level of discuSsion of the domain of
proqramming languages, there exigt two entities vhich are
distinguishahle;' a statement of the problep requiring
Solution and 4 Statement’ of the' solution to the-problem.
nrfhE'latter_ W2 recognize as an algorithnm, the gradatidq”pﬁuf
detail Froviding a fbéh of  Wtop down"'épp}oégé  t6 the
desqriptién of an algorithm," énﬂﬁfdi the manifestation of
that algorithp in febms of Some“ iéﬂgﬁage. HQwever, the
transformation of the Statement of the prohblen into the
statement of 8 solution ig not asg apparent, as ig Obvious to

most students who e confronted yith @ statement of the

- forms

Drove LXug fi~th theorapn

and are required to davelop Steps (that is, an algorithnm)
betyeoen the axioms_ of the environment of discourse and the

Stated theoren,
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I The ahtuai textrofnfhé',.___w;,* The problem to be
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CONCRETE ABSTRACT

Description of the
forms and attributes*
of language elements
in the domain of
discourse

Description of the spatial
and symboliec properties
of language elements
in the media of

communication

- program and its data |- . ‘ee_ solved

The meaning of the actual ' The concept of

program in the environment the algorithm

of the actual data set which is a
solution to

the problem-

Figure 2.

*Included in the attributes are the sets of applicablé
functions as well as the data descriptions,

it
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The algorithm'has been defineqd (5) as follows: ny defineq

bProcess or set of rules that leads ang assures development

~of a desired output from g given inpyt, A sequence of

formulas and/or algebraic/logical Steps to. Calculate or

determine a given task; process Tuleg, m

From the Point of view of abstract Syntax and'semantics, an
algorithn can be considered to be mefnly 4 control structure
OvVer a finite set of the elements (that is, hotp data anq

functions) dascribed ip the abstract sjntax. Whilst the

“lanquage elemaentsg Hé#e forms  ang Properties individually,

ﬂr%he’alqarithmhexpresses the dynamic mating of thege elements -

in order tO‘achievefafSAIGtion to the posed probien. It ig

at this level that theu'épﬁiicability of a certain algorithp

.€an be d@termined; that is, if the‘Aiéﬂéuage elements (lata

‘that is, are not described in  the abstract.syntax) then the

algorithn Cannot be implemented in that Particular language
directly. Fiqure 2 shoWs the relevant chart for a
Programming language, this diagfam being an extension of

figur@ 1 to utilize the terminology of programming‘langﬁages

And to show the additiona} concept of texts in this domain, -

Using thege clements of 4 prohlen définition and solution ip

terms of 4 Program, ye can fﬁrther deduce the Process of

" Progranm development a4S shown ip figu:e 3.  This diagran

1. The Statement of the problen to be solved,
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3. Choosing ap dpplicabla language by Checking the
Lequiremantg (functional and structural) of the

algorithp With +hose prOVldeﬂ by the languagp.

U, The transformatlon of the algorlthm, as mapped optp

the absfract Syntax,

5« The generation °f an actual Program by the

Progranm,
7« The validatiop of the- “Meaning of the'program as

helng a4 solution tg the stated problem.°

PO

&

e
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3

choose applicable
language

abstract

The description
of the :
available data

elements and
Operators

The algorithm _
for 8olution of
the problem

transforny

. tonerete
Syntax

abstract
text

Symbolic
description of the

Problem
data and operatorg

o —— deseppiem

generate

5

concrete
Loyt

concrete
Semantics .

the actuyal )
Program and datg

The meaning
of the actya]
Program

deduce

Figure 3,
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=Snmmary

This paper elucidates the difference between the meaning
§f a proqram and its assoczateﬂ data,:and the me&ning of an
algorlthm bV extending tpe concept of abstraction, as
applied to _syﬁtax, to Semantics, wogt importantly, a
“distinctiop 1s pade betweén the (so-called} Syntax and
Semantics of 4 language and the sYntax and semanticsg of 3
Progran - Written 4p that languagas, By identifying this
distinctiop the abs Stractions of Syntax and semantics ogver

Programs ig much clearer, the ‘abstract- Syntax being the

“Tunderlvlnq btructure of the symbollc form of the program a“d“t

its data, Whll?t the abﬁtract semantlcs is r@lated dlrectly

to the abstract m@anlng ;bf a program - that is, itg

underlylnq alqorlthm. 31m11arly, tho concepta 0f concrete

and abstract text aralgamate witp the taxonomy, to shoy how

-
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