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Abstract: - This paper is an approach methodology of programming language, considerate like a tuple
L= (Sem, Syn, I: Sem — Syn). The definition of a programming language provides a working mechanism
for the development of language processing tools. A language processing environment is a set of

integrated tools that support the three tasks of computer language processing:

specification,

implementation and usage. The development the tools that belong to a language processing environment
requires language specification mechanisms that define formally all components of a programming
language, the syntax, the semantics, and their association, by the same specification rules. The results

presented here have as initial point [7], [8], [9].
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1 Introduction
Definition 1: Language L is defined as the tuple

L =(Sem, Syn, I: Sem — Syn)
where Sem is a X -algebra which is the language
semantic, Syn is a > word algebra which is the
language syntax, and | is a partial mapping called the
language learning function. | maps semantic
constructs in Sem to their expressions as a syntactic
constructs in  Syn such that there exists a
complementary homomorphism & :Syn — Sem,
called the language evaluation function, that maps
expressions in Syn to their semantic constructs in
Sem. When a programming language is defined in
this manner, the carrier sets in the semnatics Sem
contain the valid computations of the language and
the words in the syntax. Syn are the expressions of
the computations. | is a mechanism that allows a
programmer to learn to express computations in Sem
by a symbolic construct in Syn such that for any
computation ce Sem, ¢ (I (¢)) =c.
The evaluation function is related to the ability to
express computation by the identity | ° & = lgem,
where 1sgn, is the identity map on Sem.
A language specification rule formally describes
elements of Syn, Sem and the relationship between
them. Equations of the form r: Ag = t,AitiAsts... Aty
called BNF notation [6] are used as specification
rules, where A;, 0 <i <n, are parameters and t;, 0 < i

< n, are fixed strings. For a given specification rule
r: A =t, At At,...At, , A, is the left hand side
of the rule and is denoted by Ihs(r)and
t, AL ALt AL, is the right hand side of the
rule and is denoted by rhs(r) . We assume here that a
programming language is specified by a finite set, R,
T is a collection of fixed strings used by rules in R
and W = N uUT;o,e is the semigroup associative

of words with unity e generated by concatenation o
over the alphabet N UT .

For a set of specification rules R the syntax algebra,
Syn(R) is unique, while the semantic algebra, Sem(R)
may be a language user choice. The algebraic models
of language processing requires both Syn(R) and
Sem(R) to be specified by concrete notation. Since
Syn(R) is unique, the major problem rests with the

notation used to express Sem(R).

2 The algebraic model of the syntax
Definition 2: The syntax model of language
specified by R is:

Syn (R)— {[A JA, eN L {rIre R},
Where Tnd [r reR re the sy>ntax

n
mterpretatlons of the' specification rules and’ are
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defined as follows:

- Each parameter A €N is interpreted as a

family of well-formed expressions called
syntactic domain, denoted by [An ]

- Each rule reR,r:A, =t,At..t At is
interpreted as an  algebraic  operation
[r]:[A ]x...x[A, ] = [A,] which constructs the
elements w, €[A] from the

elementsw, < [A |,

rule:

[rlw,, w,,..ow, )= w, =tow,t,w,..t Wt .
The specification rules of a simple language are
illustrated in Table 1:

with0<i<n, by the

State = ldent “:=" Expr

State = “if’ Expr ““then” State “else”
State “fi”’

State = “while” Expr “do” State “od”
State = Bl

Statel = State

Statel = State ““;”” Statel

IdentCtl = ldent Type

IdentCtl = ldentCt

IdentCtl = ldentCt ““;”” ldentCtl

Bl = “begin” ldentCtl ““;” Statel “end”

Table 1

The model of syntax algebra of the language
specified by the rules in Table 1 is:

SyN(R) = <{[[Ident]], [Expr]) [[Type]} [State]], [[Slatel]],};

Mdentct]] [1dentcu]) [[B1]]

{0 e e e 0 v 0 . s T 0 o T

The syntax interpretation (domain) of the parameters
used in these rules is defined by the equations in
Table2:
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[Expr] =set of expressions generated by identifiers and
constants;
[Type] =set of given (predefined or defined) type names;
[State] = {ident =expriident e [1dent],expr e [Expr][

Ufif ethenselses file < [Expr] s e[State]}

Ulwhileedos od e e [Expr] s <[state]}

identctl e [IdentCtl],}

statel [Stated]
[tated] =[State] fh;th < [State] t [Stated]);
[1dentC]= itfi < [1dent] t [Type]};
[1dentcrt] = [1dentCt] i fh; th  [1dentct] t <[1dentctal);
[B1] = {beginiz; stend|i1 < [IdentCtt] st  [Stated]);

u[begin identctl; statelend

Table 2

where operations |I, [ ] through |r. [10] are provided by

the syntax interpretation of the specification rules
defined by equations in Table 3.
Syntax interpretation of the rules in Table 1:

[r]:  [ident ]x [Expr |- [State |

[r2 ] [Expr] [State] [State ] - [State ];
[rs]: [Expr ]>< [State ] - [State ];

[r,]:  [B1]— [state |

[rs]: [State]—> [State 1];

[r,]:  [state]x[State1] — [State1}

[r,] [Ident ]x [Type ] - [1dentCt }

[r,]:  [identCt |- [1dentCt 1}

[r,]:  [identCt ]x [1dentCt 1] > [identCt 1}
[, ]: [IdentCt 1]x [State1] — [B1}]

[ ](ident exp r) =ident :=e

[r,le.s,.s,) = if ethen s, else s, fi
[r, e, s) = while edo sod

[r, Jb) =

[ Xs)=s

[r,J(h,t) = h;t

[r7 ](l t)y=1it

[r. i) =i

[r, J(h,t) = h;t

[10 ](|1 s1) = begin i1;slend

Table 3

Fact 1: Syn(R) is embedded in the semi group
W :<N uT;o,g> by derived operations. A

component relation, <

Sgn» €an now be defined by:
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W if w=wW or computation in a state whose variables and constants
satisfy a final condition:

®: DU, ftrue, false}.
To construct the algebraic model of the semantic we

first observe that computational interpretation of
parameters N used in R is one of: type, state and

mapping. Type parameters t € N represent families
of sets v(t) = ([[t]).t € N ; state parameters o e N

represent functions mapping sets of names (of
variables and constants), D, to values in the universe

of their types, o:D —([[t])it e N; mapping
parameters te N  represent state-transitions,
mapping functions o, :D, > [[t]lte N into

for all w,w'eSyn(R), w<g,

there is re R such that w'=[r}(w,,..,w,) and

W<, W, forsome i, 1<i<Kk.

= Syn

3 The algebraic model of the semantics
Definition 3: The semantic algebra of language
specified by R is

sem(R) = ({[A Il A, < N} {[r]]| r < Rf), where

[[An ]] A, €N and [[r]] r e R, are the semantics

interpretations of the parameters and specification
rules and are defined as follows:

- Each parameter A e N is interpreted as a functions c,:Dy— [[t']]’t'e N. These
family of computations called semantic domain, interpretations of the parameters in N can be unified
denoted by [[AI ]] as transitions, as follows:

- Each rule reR;r:A =t,At,..t, AL, is
interpreted  as an  algebraic  operation (p,#)——(p.¢), p =type
[[r 1: A D% .. < [[A, ]] = [[A, ]] which Io]= (t,o:D > v(t))——>{t,o: D - v(1)),
constructs the elements ¢, [[A0 ]] from the PlI= p = state
elementsc; € [[A ]|, withO<i<n, by the rule: t,o:D— v(t)>—’><t',a' D - v(t')>,
[rlic,.c,vcy) =05 p = transformation

The computations expressed in this language are The rules reR,r:A, =S,AS,...s, ,As, are

machine-independent. Each computation is however
specified in terms of three generic elements [8]: an
universe of discourse defined by a collection of
types, a state defined as a mapping assigning values
of types given in the universe to a finite set of terms
(variables and constants), and a state transition that
maps the state before computation into the state after
computation. The universe of types contains the type
computation process whose values are processes
performing given computation. We assume that a
computation operates on a set D of typed data
variables and constants, that denote values in the
universe of types, and a set C of control variables
and constants that denote processes in the universe of
types. To simplify presentation we use here only two

control variables denoted by T which identifies a
computation process before its execution, and { that
identifies a computation process after its execution.

A machine independent computation is a sequence of
transitions

(T T, )= AT )T, g .
The initial state of a computation is a state whose
variables and constants satisfy an initial condition:

@:DU{M ) ftrue, false}; the final state of a

interpreted as computation steps. For the example
given in Table 1 the semantic domain specification is
shown in Table 4:
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[State]]= v <[St]if w=ident :=ethen

[State]J (D, Tident :=e}—=—{D',id =e {)
where ' (x) = o(X)if x #ident else[fe]]

v e[St]if w=if ethens, elses, fi and [[e]]=truethen
[state]J (D, Tif ethens, elses, fi)

—= {D',if ethen s, elses, )

o(D,if ethen™'s, elses, fi)

—= D", if ethens, Jelses, fi)

o(D,if ethens, Jelses, fi)

—5(D",if ethens, elses, fi 1)

v e[St]if w=if ethens, elses, fi and [[e]] = falsethen
[State]] (D, Tif ethens, elses, fi)

—= D), if ethens, else Ts, fi)

o(D,if ethens, else T's, fi)

—=2 (D", if ethens, elses, | fi)

oD, ethens, elses, {. i)

— (D, if ethens, elses, fi 1)

v e |[State]if w=whileedosod

and [[e]] =true then [[State]J (D, T whileedosod)

—= D', whileedo? sod

o(D', whileedo Tsod)

—= (D", whileedos | od

o(D", whileedos od)

— (D", whileedosod 1)

v e[State]if w=whileedos od and[[e]| = falsethen

[State]} (D, T whileedosod)

—= D', whileedo sod)

o(D', whileedo ¢ s0d |——(D', whileedosod 1)
Table 4

We illustrate the construction of model algebra
Sem(R) using the specification rules given in Table
1, assuming that [[ident]] is the universe of names,

[[Expr]] is the universe of values, and [[Type]] is the
set of types. For xe[ldent], e<[Expr] and t < [Type]
we denote with T,
corresponding transitions in

T, and t,, respectively, the

Mident]], [Expr]],

[Type]], respectively. In addition, [[e]le [[Expr]] is the
value of the expression e computed to current state,
replacing each variable that occur in e with its value
in the current state; [[State]] is shown in Table 4.

The semantic algebra of the language specified by
the rules in Table 1 is:

Sem(R) = <{[[|dem]], [Expr]} [Type]} [State]] [[Slatel]]};

[dentCt]} [1dentcti]] [B1]]

113130 A A3 3 A A A 3 R

where the operations [[rl]] through [[rm]] are in
Table 5.

Fact 2: Sem(R) is embedded in the semi group
<{[[A]] |AeN bo, 1) by derived operations.

The semantic interpretations of the rules in Table 1
are shown in next table:

[[r. 1]: [[1dent  J]x [[Expr J]— [[State ]}
T . e )= (x> o (0 e)

- <x - [le]le ¢>

[([r, 1I: [[Expr  1Ix [[State  ]]x [[State ]] - [[State
M, I(z.. 7., z,)=7,if [[e]]= true else =,
[Ir. 1I: [TExor  TIx [[state ] [[state ]}
NG, e )= ¢ o[ IG. o))

it [[e]]= true else ¢,

[([r. 1]: [[B21]> [[state T}
[r. 1} )=+
11— [[state T}

[Ir. 1]: [[State

[ro G )= <

[Ir. 70: [[state ] [[State 1]]—> [[State 1T}
I NG..c.)= 7,07,

[[r, 1: [ident  Tlx [yee 11> [Didentct T}
[[r7]](7x|7(): <X—> O‘(X),g>

- <x > @ “g>
[Ir, T: Midentct T [[icentct 17}
[r. G )= <

[[r, 1]: [[1dentct 1% [[identct
[[rg]](rlv'fz): T,07T,

[([r, 11: [[1dentct 1 ]]x [[State
[[rl()]](fl’z-z): T,0°7,

1]]- [[1dentct

1]]-> [e11}

Table 5

A component relation, <

—Sem

defined by: for all transitions
o, =, 0, w3, 0w,
1, =(T,, D, T w) (T, D7, wi),

68
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on Sem(R) can now be
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Ty Sgem T 1F T, = E(’EW,O,l).

Note that if wew[ | then t, <, 7,. If we

w —Sem “w
denoted by w(t) the expression of the computation
performed by a transition T then we can see that
W(t,) <gom W(t,) implies 1, <. T, and vice-
versa.
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