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ABSTRACT. Algebraic specifications of abstract data types, taking account of genericity and 

exception handling, are used here as a guideline to derive reusable Ada components. This 

derivation is facilitated by an automatic tool which builds Ada package skeletons from the 

corresponding algebraic specification. The development of the Ada code considers two different 

levels of abstraction: the algebraic specification level, involving a specification language and the 

implementation level, involving the Ada language. We justify the translation of the algebraic 

specifications, expressed in the Pluss language, into valid Ada constructs. The fact of considering 

parameterized algebraic specification of abstract data types and exception handling features assure 

the construction of robust and reusable components, independently from the implementation 

language used. The major goal of this work is to show that algebraic specifications may be 

practically ~;~sed in software development, within an assisted program construction context. 

Key words: abstract data types, algebraic specifications, Ada resuable components, robust 

programs 

1. INTRODUCTION. 

The work presented in this paper is part of a major research project on systematic software 

construction undertaken by a work team at the Software En~ineering Research Center, ISYS, 

Caracas, and it is aimed to study systematic application of an algebraic specification fonnalism, 

taking account of genericity and exceptional situations, for practica! construction of robust and 

reliable software. Ada code [8] is interactively develop->..d, withln an assisted program construction 

framework [14], [13], from the algebraic specification of an abstract data type taking account of 

genericity and exception handling features. In this context, an Ada component is a generic 

package constructed from the corresponding algebraic specification. The specification language 

used is Pluss [10], [7], [3]. The axioms at specification levels are used by the implementor as 

$ This research is partially supported by the Consejo de Desarrollo Científico y Humanístico 
(CDCH) of the U.C.V. and the french Postgradnated Cooperation Program in Informatics of the 
CEFI-CONICIT. 
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guidelines for the implementation of the package body part and they are not directly in volved in the 

process. The resulting Ada components are robust and generic units since we are using a 

formalism which takes account of exception cases and parameterized types at specification leveL 

The features of genericit-y and exception handling have been derermimmt in tile selection of Ada as 

the implementatioo language, but our approach may be :similarly applied to other languages lióldmg 

those features. 

This work is structured into three main sections, besides this Introduction and the Conclusion. 

Section 2 contains the main features and building primitives of the Pluss Specification Language. 

As a..-1 example we present the array abstract data type specification, which wiH be "reused" in the 

next sections. Section 3 describes the mechanism followed in order to "tnmslate" form Pluss to 

Ada; a complete example illustrating this process for the arrny data type is fimiished. The structure 

of the proposed Ada Libr:ary is díscussed. Finally in Section 4 the SPADA tool, for the partial 

automatization oft:Pis development pror.-ess, is presented. 

Sorne ba.sic concepts on algebraic specifications of abstract data types wm be introduced, in order 

to clarify the further :reading. 

Algebrak spedficatimrns of abstrad data types. B~iisk concepts. 

An algebraic sp:ecification [11], [12] defmes a cla.ss of algebras, aloo called models, that is to saya 

set of operations on various sets of values. An algebra is just a possible implememation of the oorts 

and operai.ion names which occur in the specification. A data type is characterized by one or more 

sets of values and by the operations performed on those values. The algebraic approach defines a 

data type as a many-sorted algebra, which is constituted by one or several sets of values, called 

carriers, and sorne operations defined on these sets. These sets are named, since it is nece:ssary to 

di.stinguish them, and their names are called sorts. The signature L of a data type is constituted by 

its sorts, the names and arity of its operations, that is to say the sorts of their domruns and oo­

domains. Sorne of the operation names are constant, with only a oo-domain, meaning that the 

correspondi.ng operation has no operands. Given a signature L, the many-sorted algebra, called E- · 

algebra, is an algebra where sets and operations are named following the names of L. It 

corresponds to any implementation of the names of L. A 'f.-term is any valid oompo11ition of sorted 

variables and operations of L. If the oonsidered L-algebra is partial, the operati.ons will be partial 

ones. We will be dealing with algebras where the operations are total emes, called E,R-algebras 

(Error, Recovety algebra.s), following the formalism of [4], which are 'f.-algebras where tll.e 

carriers are splitred into two di.sjoint sub-sets constitued by erroneous values and non-erronoous 

values. Exceptions and their eventual recovery are specified by means of two subsets of 

declarations. The E,R-signature is constituted by adding to L these two subsets. This formalism is 
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particularly useful because it considers exception handling, thus allowing a more realistic 

specification of data types. Other formalisms have been established since then in order to cope with 

exceptions [5], [6], but what is important is to be able to specify exceptions and not much what 

formalism has to be used. An abstract data type, which will be denoted by ADT, is a class of many­

sorted algebras with the same signature and sorne specified common properties. In our framework, 

we will ooly consider finitely generated algebras w.r.t the declared set of generators. An algebraic 

abstract data type is the definition of an ADT by means of a signature anda set of axioms. In the 

case of E,R-algebrns, the axioms are separated into ok-axioms and er-axioms. In our context we 

will be using only ok-axioms and exception declarations. 

2o TI-lE PLUS§ ALGEBRAIC SPECIFICATION LANGUAGE. 

The Pluss (a Proposition of a Language Usable for Structureo Specifications) language [10] 
a powerful way of structuring algebraic specifications. The simplified ALEXPLUSS version 

ofPluss [7] ami [3], which includes exception handling facilities, will be used here. 

2.1 The Ph1ss Building Pr'imitives. 

The SPEC ( specifications where the class of possible implementations is fixed) are obtained by: 

- an enrichment (USE keyword) , - an instance of a parameterized specification, - the fued form of 

a DRAFT (specification component under design). 

The BASJ:C SPECs are SPECs which don't enrich any other component. In this work we will be 

interested in SPEC:s components obtained by ernichment and instantiation. 

2.2 P¡¡¡rameterization ami fustlmtiation. 

Parameterization allows the use of generic specifications, hence saves writing as many 

specifications as instances of a given specification are required. Parameterization involves three 

different entities: - a pammeterized specification ( denoted by a SPEC with the formal parameter list 

in brackets),- the formal parameter speciftcation (keyword PAR) which include only one module. 

n specifies those minimal properties which have to be satisfied by the formal parameters and which 

have to be retained at the moment of instantiation, - the instantiation mechanism whlch consists in 

substiruting a convenient specification (an actual parameter) to the formal parameter specification, in 

rorder to oot.ain the speci2ilized version of the parameterized specification. 

As !iLliJ. example, we will show below the generic specification of the array data type, parameterized 

by fue ll-IDEX and ELEM formal parameters: 

§PEC : ARRA Y [INDEX,ELEM] 
SORTS : array 
GENERA TED BY : 
init: 
assign: 

index index -> array 
array index elem -> array 
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OPERATIONS 
lwb: 
upb: 

array -> imiex 
&Tay -> index 

access : array index -> elem 
sub_array : an-ay index index -> anay 
EXCEPTJ:ON CASES 
illegal_access : 
illegal_assign : 
illegal_ init : 
illegal_sul:urrray: 

or(i <lwb(t),i <upb(t)) => access(t,i) 
or(i<lwb(t),i<upb(t)) => assign(t,i,v) 

i>j => init(ij) 
or(or(i>j,i<lwb(t))j>upb(t)) => sub_array(t,i,j) 

OK-AXIOMS 
boundl: lwb(init(i,j)) = i 

accessl: i = j => access(assign(t,i,v),j) = v 

subl: sub_array(init(ij),k,l) = init(k,l) 

WHF.RE: 
t: array 
ij: index 
v,v': elem 
END ARRAY 

The INDEX formal parameter specification is the following: 

PAR: INDEX 
USE : INTEGER 
SORTS : index 
OPERATIONS : 
first : -> index 
last : -> index 
_ : index -> integer 
EXCEPTION CASES : 
frrst-1 : pred(first) 
last+ 1 : succ(last) 
ENDINDEX 

Note that the operation "_" is a coercion of index into integer. Thus any operation defined on 

integers can be applied as well on indexes (such as e.g. addition, etc.). 

The ELEM formal parameter specification is expressed as foHows: 

PAR: ELEM 
USE: BOOL 
SORTS: elem 
OPERATJ:ONS : 
eq : elem elem -> bool 
OK-AXIOMS : 
eql: eq(x,x) = true 
eq2 : eq(x,y) = eq(y,x) 
eq3 : and(eq(x,z) = true, eq(z,y) = true) => eq(x,y) = true 
WHERE: 
x,y: elem 
END ELEM 
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Notice that PAR ELEM is a short specification, contained in only one module, and sufficiently 

general to be used as a formal parameter in other generic specifications. The specification 

corresponding to the data type may be seen in [15] . 

3. THE ADA COMPONENTS. 

In this section we will describe the mechanisrn involved in the developrnent of an Ada componen t. 

We observe two abstraction levels: the specification leve! (the ADT is expressed in Pluss) and the 

implementation level (the ADT is expressed in Ada). The "translation" mechanism for passing 

from one leve! to the other and the structure of the Ada Iibrnry are described. 

3.1 Translation of algebrai.c spedfkations. 

We will now introduce the steps required in order to "translate" a Pluss specification into the Ada 

language constructs. In the following paragraphs the cases of an ordinary (non pararneterized) and 

parameterized specification will be discussed. 

3.1.1 Ordinary specifications. 
We define a translation function Ps : S -> P, where Sisa Pluss specification and Pisan Ada package, 

which maps al! the elements of the signature of S (sorts, operations and exception declarations) into the 

package specification part (data types, functions or procedures and exception declarations), 

corresponding to the P package in Ada. That is to say that an operation F of S, whose arity is F : TS -> 

TE, rnay be translated by p5 into an Ada functionf(. .. : in TS) retum TE; ofpackage P. We can 

observe that p(F) is not exactly equal to f, which is denoted by p(F) "' f, because in order to obtain f 

we have to take into account the Ada language syntactical constructs (reserved words, special symbols, 
etc.). We will also assurne that the elernents of S will be translated by p8 into validAda identifiers. For 

example, in the specification of SPEC ARRA Y, the sort array will be renarned into the p _array type 

and the specification name ARRA Y will be renamed into the package identifier sp-array, because array 

is an Ada predefined type. Similarly, the operation access will be renarned into the acces function 

narne identifier, because access is an Ada reserved word indicating an access type. 

3.1.2 Parameterized specifkations. 

In this case, two aspects ha veto be considered: the translation of a generic specification into a generic 

Ada package and the instantiation of the corresponding formal parameters. 

3.1.2.1 Translation. 

This situation is similar to the non parameterized case, but two translation functions have to be defined: 

l. Ppps : FPS -> GPP, which is a mapping of the formal pararneter specification FPS of a 

generic specification S g into the generic part GPP of a generic package P g· 
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2. PGs: GS -> GP, which maps the signature of Sg into the generic package specificahon P g. 

The composition of both functions Ppps and pGS' plus the Ada language syntactical constructs, wiH 

represent the translation of the Pluss generic specification S into the Ada generic package P , that is to 
g g 

say: (Ppps+PGs) (Sg)"" Pg. 

3.1.2.2 Instantiation. 
We consider, as before, the situation in which the formal parameter specifications of are 

into the generic part of the generic package Pg by function Ppps . We have now to consíder an 

instantiation morphism llpps : FPS -> AP Sg which takes the formal parameters of S g and maps them 

into the corresponding actual parameters. Let us take an operation F of the FPS of and the 

corresponding operation Foo of the actual parameters, we have llpps(F) = Foo. 

E ven if there are sorne differences between the Pluss and Ada instantiation mechanisms, we can define 

a function p AP: AP S -> AP P , establishing a correspondence between the actual pa,-ameters of 

the generic algebraic ~pecificaton S and the actual parameters AP P of the generic pacJrcage P . 
g g g 

By means of the instantiation morphism /-lpps and the functions Ppps ami p AP' we are able to establish 

a correspondence between an operation of the generic part of the P pacl<-.age and an of its 
actual parameters AP P . Taking an operation fin P and an operation ~oobar of AP P we will have: 

g g g 

p ¡.¡ p 

~ F ~ Foo ~ Foobar 

3.1.2.3 An exampie: translation and instantiation mechanisms for the array data t:ype, 

This example illustrates in the frrst place the translation of the ARRA Y generic specificaüon, shown in 

Section 2.2, into the Ada generic package sp_array, by means of the translation function, In the ser.ond 

place, the instantiation of the formal parameters of SPEC ARRA Y, by means of the instantiation 

morphism, will be illustrated showing also the obtention ofthe instantiated sp_array generic part 

Translation ami instantiation of the parameterized spedfication SPEC: ARRAY, 

In order to describe this process, we show below the Ada code corresponding to the specification part 

of the generic package sp_array. The algebraic specification used in the example is the SPEC ARRA Y, 

generic 
type index is (<>); 
type elem is pnvate; 

packagesp_arrayis 
illegal_acces, illegal_assign, illegal_init, illegal_sub_array: exception; 
type p_array is prívate; 

function ínit (ij:index) retum p_array; 
function lwb (t:p_array) retum index; 
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function upb (t:p_array) return index; 
procedure assign (t:in out p_array; i:index; x:elem); 
function acces (t:p_array; i:index) return elem; 
procedure sub_array (t:in out p_array; ij:index); 
prívate 
type arr_elem is arra y (index range <>) of elem; 
type p_array is record 

val : arr_elem(index); 
pri: index; 
ult: index; 

endrecord; 
end sp_array; 

We will apply function p8 in the frrst place in order to translate the algebraic specification name, the 

names of the exceptions and the sort into the corresponding elernents of the Ada package: 

P/SPEC: ARRA Y)"' package sp_array is 

p8(EXCEPTION CASES: 
illegal_access : 
illegal_assign : 
illegal_init : 

illegal_sub_array: ) "'illegal_acces, illegal_assign, illegal_init, illegal_sub_array: exception; 

p8(SORTS: array) "'type p_array is prívate; 

Notice that, in order to clarify our discussion, we will show as domain and co-domain of the 

translation functions the syntactical constructions of languages Pluss and Ada. 

Now, function Ppps will be applied to the formal parameters INDEX and ELEM of SPEC ARRA Y in 
order to obtain the generic part of the sp _array package . 
Ppps(INDEX, ELEM) "'generic type index is ( <>); type elem is prívate; 

Function PGs is now applied to the generators and operations of the signature Óf SPEC: ARRA Y : 

pG8(init: index index -> array) "'function init (ij: index) retum p_array; 

pG8(lwb : array -> index) "' function lwb (t: p_array) retum index; 

pG8(upb : array -> index) "' function upb (t: p_array) retum index; 

pG8(assign ::m-ay index elem -> array) "'procedure assign (t: in out p_array; i: index; x:elem); 

pG8(access : arra y index elem -> array) "'function acces (t: p_array; i:index) retum elem; 

pG8(sub_array: array index index ->arra y) "'procedure sub_array (t: in out p_array; ij:index); 

The translation of the signature and formal parameters of the specification SPEC ARRA Y is then 

obtained combining respective! y all the applications of p8 , Ppps and Pas· We assurne that 

SG = SGl U SGZ U FPS. For p8 we have: p8(SG1) = p8(SPEC: ARRA Y)+ p8(EXCEPTIONCASES: 

illegal_access: illegal_assign: illegal_init: illegal_sub_array: ) + p8(SORTS: array), 

and respective! y for PGs 
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PosCS02) = Pos(init : index index -> array) + Pos(lwb : array -> index) + Pos(upb : array -> index) 

+ PosCassign: array index elem -> array) + Pos(access: array index -> elem) + Pos(sub_array : array 
index index -> array) 

In the case of Ppps(FPS) we have only the application to the parameters INDEX, ELEM. 

We finally obtain: (P8 + Ppps + P0s)(S0 ) = P 0 

Since p8 , pFPS and Pos are bijective functions, we may apply their respective inverse functions p8-l, 

Ppps -1 and Pos -1 to the package P 0 in order to obtain the algebraic specification S0 : 

(ps-1+ Ppps -1+ Pos -1)(P a)= So 

In order to describe the instantiation mechanism, we consider the same function Ppps to map the 

parameters FPS into the package generic part GPP. The instantiation morphism ~FPS is then applied 

in order to map the formal parameters FPS into the actual parameters AP: 

pFPS(INDEX, ELEM) "' generic type index is ( <>); type elem is prívate; 

Reciprocally we have: Ppps -l(generic type index is ( <> ); type elem is prívate) ""INDEX, ELEM; 

We apply now the morphism ~FPS to FPS in the specification S in order to obtain respectively sort 
INTER (algebraic specification for an interval) and sort INTEGER J the actual values, in the example, of 

parameters INDEX and ELEM : llpps(INDEX) "' lNTER and llpps(ELEM) "" INTEOER. 

Function p AP is now used to establish the correspondence between the actual parameters of the generic 

a,lgebraic specification and the actual values of the generic part of the package. Substituting the values 

for llFPS we obtain the required correspondence between both instantiations: 

P AP(Ilpps(INDEX), llFPS(ELEM)) = p AP(INTER, INTEOER) "'type inter is range 1..6; package tab_int is 

new sp_array(index =>inter, elem => integer); 

Notice that the generic package sp _array is then instantiated by the inter and integer types, as actual 

values of the parameters index and elem respectively. Notice also that the name of the instantiated 

generic package is tab_int .. Since we have that pAP(~pps(FPS)) ""APp , we may automatically 
g 

obtain the instantiations inter for index and integer for elem corresponding to the generic part of 
packagePg. 

Notice that the approach followed up to now is sufficiently general, in the sense that it may applied to 

any implementation language, providing it holds genericity and exception handling features. 

3.2 The structure of the Ada Library. 
We have been inspired by the work of [9] for the structure of our Library. We will group the data 

types into four main classes: 
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L The building types dass. These data types allow the combination of basic types (integer, 

boolean, ... ), in order to construct more complex data types (tree, g:raph, ... ). We will include in 

this dass the array ;md record data types. 

2. The sequential types class. These data t>¡pes are basically represented by the linear lists, 

contalining elemems which have to b<> processed sequentially. We will consider the sequence and 

property list dam types. 

3. The tl!ee-like types class. These dam types are constituted by sets of elements called nodes, 

hlerarchically organized, with a disíin:gui.sh<~d node called root. The binary tree and general tree 

data types will represent this class. 

4. The :relationsl type§ dass. These data typ-es consist of a set of objects call.ed nodes and 

relations among these objects called ares or edges" The graph data ty'pe is representative of this 

class. 

We have selected commonly used representations to implement these types. The complete Ada 

Librili)I may be seen in [15]" Asan example, the specificati.on part of fue 2lm.!Y data type was shown 

in Section 3.1.2.3. The Ada components have been built from the correspornding Pluss 

speciflcation, as it has beert shown in Section 3.1. The SPADA tool is used in order to automatize 

the derivation of the spedflcation part of the package and it will be described in Section 4. 

4. mE DEVELOF'l\lffiNT OF mE ADA COMPONENT§. 

The SPADA [13] tool used for directly deriving ;m Ada package skeleton from its algebraic 

specification wm be briefly described in thi.s section. We llave to mention that this tool is integrnted 

into a prototype Ada Support Envi:ronment, system M-APEX [14], built at the ISYS research 

center, Caracas, whlch will not be detailed here. The M-APEX support envimnment is written in 

Golden Common Lisp and mns on microoomputers PC, PS o:r compatibles under MS-DOS. H 

offers several toob supporting speciflcation and implementation as eady stages of software 

development. Hence two different l;mguages are supported, co:rrespondi.'lg to the two abstraction 

leveh of development comlidered: a specificationlanguage [1 ], [17] anda high level programming 

language [13]. The environment is hlghly interactive and the integration of the tools is seen as a 

way of groupmg them arou¡¡ul the abstract darn type as a common or unifying ooncept. The tools 

communicare with each other consulting or updating the Knowledge Base. Interna! forms are kept 

for the differeni: 

The SPADA too!. 

The SPADA rool h!!.!! bren in the work of [ 1 S]. It generares auromatically a skeleton of an 

Ada package directly from the oorresponding Pluss specificatiolíll. The slreleoon is dmved from. fue 

ADT signature, í:aking account of domains and co-domains of each operntion, USEd ADT 
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specifications and exception declarations. SP ADA produces the header and the function body 

skeleton for each operation. In the skeleton, the data type representation, the variables of the 

function header and the function bodies are missing and they have to be completed by the user. 

Since at Ada level the user rnay require sorne functions to be implemented as procedures for 

efficiency purposes, an internctive dialog is established in order to point out what are those 

operations that will be implemented in Ada as procedures. A small editor is also provided in arder 

to interactively fill in the representation for the package that is being derived. The representation is 

actually limited to standard types and in the SPADA actual version dces not allow to add type 

instantiations. An Ada interna! form is also kept for the package. The SP ADA tool al so allows 

the integration of the function bodies whích are built within the APA tool [2], in order to 

complete the package skeleton. In this way an executable code may be obtained (actually ADAC, 

the M-APEX Ada syntax driven editor [16], may be also used in order to eventually complete fue 

type representations, instantiations and the function bodies). Nevertheless, no checkings are 

performed with respect to fue sort and operation names. They are directly taken from the algebraic 

specification, in the sen se that thé user must take care, while specifying, not to use Ada reserved 

words, which may be Pluss valid identifiers. 

5. CONCLUSION. 

The aim of this work was to show the possibility of practica! use of algebraic specifications for 

systematic derivation of Ada cooe. Moroover, the approach foUowed for the "translation" from the 

specification language to the implementation language is independent from the Ianguage used. We 

are not synthetizing nor prototyping programs. We are situated in the domain of assisted progrnm 

construction, where the transformation of the program are mostly user-directed. Special care has 

been taken in the consideration of exceptions, in order to guarantee the robustness of the resulting 

progrnms. All the programs proouced ha ve been tested on an Alsys Ada compiler at the Laborntoire 

de Recherche en Informatique (L.RJ.), Otsay, Frnnce. Parameterized specifications make easy the 

reuse of the components. However, we have to point out that the algebraic specification is used 

only as a guide to the progrnm construction. The axioms are not directly involved in the process. 

Nevertheless this fact does not minimize their fundamental importance for oomprehension of the 

essential properties relative to the progrnm to be constructed. The Ada 'Libm-y is actually oonstirued 

by few and very weH known components; we hope to extend it induding more complex ones and 

have a choice of different representations for each component 
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