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Chapter �

Introduction

This report formally describes the core syntax of the speci	cation language Spectrum� It does

not explain the particular language constructs but only gives an exact de	nition of the syntax� An

informal introduction to Spectrum can be found in �BFG�
�a� BFG�
�b
� The formal semantics

is given in �GR
�
� Thus� in the sequel we assume that the reader is familiar with the concepts

used in Spectrum� As usual this description distinguishes between the concrete syntax and the

abstract syntax�

��� The Concrete Syntax

The concrete syntax treats the language as a set of strings over an alphabet of symbols� Concrete

syntax is usually speci	ed by a context free grammar that gives productions for generating strings

of symbols� using auxiliary nonterminal symbols�

It is common practice to distinguish a lexical level and a phrase level in concrete syntax� The

terminal symbols in the grammar specifying the lexical level are single characters� those in the

phrase�level grammar are the nonterminal symbols in the lexical grammar�

For example the following rules�

hsortexpi ��� hsortexp�i�hsortexpi

hsortexp�i ��� halphanumidij�hsortexpi�

with nonterminals hsortexpi� hsortexp�i and halphanumidi de	ne possibly parenthesized arrow

sorts� The sort identi	ers halphanumidi are de	ned by the lexical syntax�

halphanumidi ��� hletterijhdigitij

hletteri ��� ajbjcjdjejfjgjhjijjjkjljmjnjojpjqjrjsjtju

j vjwjxjyjzjAjBjCjDjEjFjGjHjIjJjKjLjM

j NjOjPjQjRjSjTjUjVjWjXjYjZ

hdigiti ��� �j�j�j�j�j�j	j�j
j�

The concrete syntax of Spectrum is presented as an EBNF�like grammar� The notations used

are summed up below�

�These rules are simpli�ed versions of the Spectrum rules�

�



�rhs
 rhs is optional

frhsg� zero or more repetitions of rhs

frhs �� sepg� zero or more repetitions of rhs separated by sep

frhsg� one or more repetitions of rhs

frhs �� sepg� one or more repetitions of rhs separated by sep

frhsg grouping

rhs�jrhs� choice

rhsfrhsg di�erence� elements generated by rhs

except those generated by rhs

terminal terminal syntax is given in boldface

hnonterminali nonterminals are enclosed in angle brackets

hnonterminali emphasized nonterminals are not de	ned in the

grammar but represent a non�printable letter of the

ASCII character set or are given informally

Remark� It is important to distinguish the meta�symbols �� 
� f� g� �� � and j introduced above

from the corresponding terminal symbols 


� ���� f� g� �� � and jj printed in boldface font�

To each nonterminal we associate a phrase sort containing all expressions which can be inferred

from that nonterminal�

Notation� For each nonterminal hnontermi its phrase sort is written as Nonterm and we use
nonterm �possibly indexed� to range over Nonterm�

��� The Abstract Syntax

The abstract syntax treats the language as a set of trees each representing the structure of a parsed

speci	cation text� The important thing about trees is that unlike strings� their compositional

structure is inherently unambiguous� there is only one way of constructing a particular tree out of

its �immediate� sub�trees�

Given a concrete sort expression sortexp or a concrete expression exp we use abs�sortexp� and

abs�exp� respectively� to denote their corresponding abstract trees� For the other abstract syntax

objects we use a mathematical notation based on set theory which is summarized below�

A�B The Cartesian product of A and B� Ak � A� � � ��A� �z �
k

�

A
fin
� B The set of 	nite mappings from A to B� A 	nite map will be written

explicitly in the form fa� � b�� � � � � an � bng� n � �� in particular� the

empty map is fg�
Domf�Ran f The domain and range of a 	nite map f �

f � g For 	nite maps f and g� f � g is called f modi�ed by g� It is de	ned by�
Dom�f � g� � Dom�f� �Dom�g�

�f � g��a� � if a � Dom�g� then g�a� else f�a�

If Domf �Domg � � then f � g � f � g�

A � B The union of A and B�

A j B The disjoint union of A and B�

Fin�A� The set of 	nite subsets of A�

List�A� The set of lists with elements taken from A� We write a�l for a list with 	rst

element a and rest l�

�



For example the following declaration�

ct � ConType �
�
k��

�ClassIdk � ClassId�

de	nes the set of sort constructor signatures as ConType and designate the variable ct �possibly

indexed� to range over this set� The sets of identi	ers Id� ClassId� etc� are taken directly from

the concrete syntax� The advantage of the mathematical notation is the automatic provision of

very abstract object manipulation primitives�

��� The Translation Rules

In general� the meaning of an expression occurring in a speci	cation text is context dependent �e�g�

a variable declared with type integer can be used in subsequent text only on an integer position��

As a consequence� expressions generated by the context free grammar of the concrete syntax are

called rough expressions because among them there are also erroneous ones� The set of well formed

expressions i�e� the set of expressions respecting the context dependencies or static semantics �e�g�

the typing discipline� are 	ltered out by the context sensitive syntax� We give this syntax by using

a formalism based on logic� Speci	cally� we de	ne concrete expressions and their translation into

abstract �or semantic� objects simultaneously using axioms and inference rules� An inference rule

has the form�

B � cexp� � aexp� � � � B � cexpn � aexpn
B � cexp� aexp

f side conditions

It allows to derive the conclusion B � cexp � aexp if all the assumptions B � cexpi � aexpi are

true� The expressions B � cexp� aexp with B � fid� � a�� � � � � idn � ang are called translation

assertions� They intuitively say that if identi	ers id�� � � � � idn have attributes a�� � � � an then cexp is

well formed and its translation is aexp� The environment or context B in which cexp is translated

is the abstract representation of the symbol table� Although for convenience� a context B is not

always represented by a �nite mapping� we assume that no idi occurs twice in B and use B as a

	nite mapping�

Our contexts are sorted i�e� they are of the form B� �B� � � � ��Bn� They can also be structured

i�e� if id� a then a can contain itself a context� Identi	ers are also called simple semantic objects�

All other objects from the abstract syntax �including contexts� are also called compound semantic

objects�

In the translation rules� phrases within single square brackets � 
 are called �rst options� and those

within double square brackets �� 

 are called second options� To reduce the number of rules we

adopt the following convention�

Notation� In each instance of a rule� the 	rst options must be either all present or all absent�

similarly the second options must be either all present or all absent�

When we write �cse � ase
def then we assume that def is the default semantic value when the

option is missing�

�



Chapter �

Lexical Syntax

hspectexti ��� fhlexemeijhwhitespaceijhcommentig�

hlexemei ��� hcharconstijhnumijhstringijhalphanumidi
j hsymbolidijhinf�alphanumidijhinf�symbolidijhspecialijhreservedi

Whitespace

hwhitespacei ��� hspaceijhnewlineijhcarriage returnijhtabi

j hformfeedijhvtabi

Syntactic Categories

hletteri ��� ajbjcjdjejfjgjhjijjjkjljmjnjojpjqjrjsjtju

j vjwjxjyjzjAjBjCjDjEjFjGjHjIjJjKjLjM

j NjOjPjQjRjSjTjUjVjWjXjYjZ

hdigiti ��� �j�j�j�j�j�j	j�j
j�

hsymi ��� 


j���j�j�j�j�j�j�j�j�j�j�j�j�j�j�j�j�jjjj�

j n fhletterig�

hspcli ��� fjgj�j�j�j�j�j�jn

hgraph�spcli ��� �j��j�j��j�

hgraph�symi ��� �j�jvj�j�j�j�j	j
j�j��

hext�graph�symi ��� hadditional graphic symbolsi

hsymboli ��� hsymijhgraph�symijhext�graph�symi
hspeciali ��� hspclijhgraph�spcli

halphanumi ��� hletterijhdigitij�j j 

hanyi ��� halphanumijhsymbolijhspecialijhspaceijhtabi

Comments

hline�commenti ��� �� fhanyig� hline�endi

hline�endi ��� hnewlineijhcarriage returnijhformfeedijhvtabijheofi
hnest�commenti ��� �� fhno�nestijhnest�commentig� ��

hno�nesti ��� fhanyig�ffanyg� f��j��g fhanyig�g

hcommenti ��� hline�commentijhnest�commenti

Character Constants

�



hchari ��� hletterijhdigitijhsymijhspclij jhspaceijhescapesi

hescapesi ��� nnjntjnvjnrjnfjnajnnjn!jn 
hcharconsti ��� � hchari �

String Constants

hstringi ���  fhcharig�  

Natural Numbers

hnumi ��� hdigitif�g fhdigitig
�

Identi�ers

halphanumidi ��� fhalphanumig�fhcharijhnumijhreservedig

hsymbolidi ��� fhsymig�ffhsymig� �� fhsymig�jhreservedig

hinf�alphanumidi ��� �halphanumidi�

hinf�symbolidi ��� �hsymbolidi�

Reserved Words

hreservedi ��� enrichesjexportjinjhidejrenamejSIGjtojlet

j letrecjendletjALLjALL�jEXjEX�jLAM

j ifjthenjelsejendifjandjaxiomsjendaxioms

j datajstrongjstrictjtotaljfreelyjgeneratedjby
j priojsortsynjclassjsubclassjofjsortjhidden

j paramjbodyjviaj�j


j���
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Chapter �

The Core Language

Spectrum consists of a language �in the small� and a language �in the large�� The 	rst one is used

for the design of a single speci	cation unit� i�e� a basic component� The latter one is intended for

structuring large system descriptions by combining and adapting speci	cations into more complex

ones�

��� In the Small

����� Context Free Syntax

In this section we de	ne the raw structure of our language �in the small� by giving a context�free

grammar in EBNF style�

hspecbodyi ��� f hdeclsi g

hdeclsi ��� fhsignaturei �jhaxiomsi �g�

Signatures

hsignaturei ��� class hidi �subclass of fhidi �� �g�


j hidi subclass of fhidi �� �g�

j sort hsidi f hsidi� j �� hclassexpi g

j fhsidi �� �g� �� hclassexpi

j sortsyn fhsidig� � hsortexpi

j SIG � hspecexpi �
j fhidi �� �g� � �hcontexti
 hsortexpi to hsortexpi

j fhinf�idi �� �g� � �hcontexti
 hsortexpi	 hsortexpi to hsortexpi �hprioi

j fhidi �� �g� � �hcontexti
 hsortexpi

j fhinf�idi �� �g� � �hcontexti
 hsortexpi	 hsortexpi� hsortexpi �hprioi


hclassexpi ��� �� fhidi �� �g� �
 hidi

hprioi ��� prio hnumi �� fleftjrightg


Sort Expressions

hsortexpi ��� hsortexp�i

j hsortexp�i� hsortexpi �Functional Sort�

�



hsortexp�i ��� hsortexp�i

j hsortexp�i f	 hsortexp�ig� �Product Sort�

hsortexp�i ��� hasorti j hsidi fhasortig�

hasorti ��� hsidi j � hsortexpi �

Sort Contexts

hcontexti ��� fhscontexti �� �g� 

hscontexti ��� fhsidi �� �g� �� hidi

Axioms

haxiomsi ��� axioms �hvarlisti
 f�f hidi g
 hexp�i �g� endaxioms

j hsimplesortsi generated by hopnsi

hvarlisti ��� �hcontexti
 ff�j��g hopdeclsig� in

hopdeclsi ��� fhsopdecli �� �g� j fhidi �� �g�

hsopdecli ��� fhidi �� �g� � hsortexpi
hsimplesortsi ��� fhsidi fhsidig� �� �g�

Expressions

hexp�i ��� hexp�i

j f � j �� j � j �� g hopdecli � hexp�i
j � hpati � hexp�i

hexp�i ��� hexp�i j hexp�i hidi �� hasorti
 hexp�i

hexp�i ��� haexpi j hexp�i haexpi

haexpi ��� hopni j � hexp�i � j � hexp�i f� hexp�ig� � j haexpi � hasorti

hpati ��� hidi �� hsortexpi


j � hidi �� hsortexpi
 f� hidi �� hsortexpi
g� �

Identi�ers

hidi ��� halphanumidi j hsymbolidi j hnumi j hcharconsti j hstringi

hinf�idi ��� hinf�alphanumidi j hinf�symbolidi

hsidi ��� hidif���� � �� � g

hopni ��� hidi j hinf�idi

hopnsi ��� fhopni �� �g�

����� Semantic Objects

A basic speci	cation consists of a signature and a set of axioms� Thus� its abstraction is de	ned

as follows�

���Ax� or sp � Speci	cation � Sig � Fin�Ax�

We start with the description of the abstract signature Sig�

Signatures

A signature contains all global identi	ers known to a speci	cation� We use separate environments

for the di�erent kinds of identi	ers�

�CE� SCE� SSE� ME� FE � or � � Sig � ClassEnv � SConEnv � SSynEnv �
MapEnv � FuncEnv

The class environment contains all declared class identi	ers and the de	ned subclass relation� We

�



use a 	nite set of tuples to describe this relation�

�IdSet� Subset� or CE � ClassEnv � Fin�ClassId� � Fin�ClassId � ClassId�

In the sort constructor environment all declared sort constructor identi	ers are registered� In

addition� for each identi	er the possibly overloaded type information is stored� It consists of the

parameter classes and the result class� The number of parameter classes depends on the arity of

the sort constructor�

�SConSet� SConType� or SCE � SConEnv � Fin�SConId� � Fin�SconId � ConType�
ConType �

S
k��
�ClassIdk�ClassId�

The sort synonym environment contains all de	ned sort synonyms together with their assigned

type expression abstractions�

SSynEnv � Id
fin
	� TypeAbstr

TypeAbstr �
S
k��
TypeVark � Type

Finally we need environments for the declared functions and mappings� They contain the sort

information for the declared functions and mappings� In addition� for in	x identi	ers the priority

�a natural number� and associativity information �left� right or none� is stored�

FE � FuncEnv � Fin�TypeBind � TypeBind � Prio � Assoc�
ME � MapEnv � Fin�TypeBind � TypeBind � Prio � Assoc�

TypeBind � Id � TypeScheme

p � Prio � subset of IN

a � Assoc � left j right j none

The sort information for function and mapping identi	ers consists of a binding for sort variables

and an abstract sort expression� The sort variable binding assigns a class identi	er to sort variables�

� � TypeScheme � SVarEnv � Type

SVE � SVarEnv � TypeVar
fin
	� ClassId

� � Type � abs�hsortexpi�

Well Formed Signatures

Not all elements of the set Sig are legal signatures� Signatures must be well formed� i�e� they have

to ful	l the additional conditions given below� To de	ne these conditions we use the following

notational shortcuts�

MapSet � f id j 
 �id� �� � ME � 
 ��id� ��� p� a� �MEg

FuncSet � f id j 
 �id� �� � FE � 
 ��id� ��� p� a� � FEg

Dom��� � IdSet � SconSet � MapSet � FuncSet � Dom�SSE�

FSV��� � the set of sort variables occurring freely in �

�� ClassEnv

� Each identi	er occurring in Subset must be in IdSet� Formally�


�x� y� � Subset� �x � IdSet� � �y � IdSet�

�� SConEnv

� Each sort constructor identi	er occurring in SconType must be in SconSet� Formally�


�x� t� � SconType� x � SconSet�

� The arity of each sort constructor occurring in SconType must be unique� Formally�







x � SconSet� �x� �c��� � � � � c�k� c��� � SconType � �x� �c��� � � � � c�l� c��� � SconType �

k � l�

� SconType must be coregular� Formally��

For each id � SconSet and c � IdSet the set fck j 
�c� d� � Subset�� �id� �ck� d�� �

SconTypeg is either � or has a greatest element w�r�t� the extension of Subset� on
tuples�

� Each class identi	er occurring in SconType must be in IdSet� Formally�


�x� ��c�� � � � � ck�� c�� � SconType� c � IdSet � fci j � � i � kg � IdSet

�� SSynEnv

� The identi	ers sidi � � � i � n� must be sort variables� Formally�


�sid� ��sid�� � � � � sidn�� ��� � SSE�

sidi �� SConSet �Dom�SSE� � � � i � n�

� Each sort variable occurring free in � must be an identi	er sidi� Formally�


�sid� ��sid�� � � � � sidn�� ��� � SSE�

FSV ��� � ���i�nfsidig

� Sort synonyms must not be de	ned recursively� Formally�


� � Types� 
� � � Types� � ��
� �

� ���
� � ��

where sid �� � � � �n �� f�� � ��� � � � � �n � �ng� i�

SSE�sid� � ����� � � � � �n�� ��

and��
� is the re�exive� transitive extension of�� to sort expression � � Types

and �� is the transitive extension of �� to sort expression � � Types

� The identi	ers sidi � � � i � n� must be pairwise disjoint� Formally�


i� j�� � i � n � � � j � n � i �� j � sidi �� sidj �

�� MapEnv

� ME must be a 	nite function w�r�t� the mapping identi	ers� Formally��

�i�m� � ME � �i� n� � ME � m
�
� n

�� FuncEnv

� FE must be a 	nite function w�r�t� the function identi	ers� Formally�

�i� n� � FE � �i� n� � FE � m
�
� n

�� SVarEnv

� No identi	er occurring in the signature is allowed as a bound identi	er� Formally�

Dom�SV E�� Dom��� � �

� Each class identi	er occurring in SVE is in IdSet � Formally�


id� id �Cod�SVE�� id � IdSet

�� Disjointness of Identi	er Classes

� The sets of class identi	ers� sort identi	ers� mapping identi	ers and function identi	ers

must be pairwise disjoint� Formally�

IdSet� SconSet� MapSet� FuncSet pairwise disjoint

�
Subset

� denotes the re�exive and transitive closure of the relation�
��� means equal up to renaming of sort variables�

��



Axioms

An axiom is either a formula block or a generation statement� A formula block consists of an

environment and a set of formulae� The environment contains the local sort variables and variables�

The generation axiom contains the constructed sorts together with their constructors�

ax � Ax � FormAx � GenAx

�AE� formulae � � FormAx � AxEnv � Fin�Formula�

�sois� cons � � GenAx � Fin�SconId� � Fin�Id�

����� � AxEnv � SVarEnv � VarEnv

� � VarEnv � Id
fin
� Type

formula � Formula � abs��exp���

Well Formed Speci"cations

A speci	cation is well formed if its signature is well formed and if the following condition holds�

� No identi	er occurring in the signature is allowed as a bound identi	er� Formally�

Dom��� � Dom�����

����� Translation Rules

Now we give the translation rules for the language in the small� Context conditions that cannot

be described conveniently with the rules are given separately� To increase readability we add the

associated context free rules� In order to simplify the translation rules� the context free rules

sometimes slightly di�er from the productions given in Section ������ However� it is easy to prove

that both variants always de	ne the same language�

Speci"cation Body

hspecbodyi ��� f hdeclsi g

hdeclsi ��� � j hdecli hdeclsi

hdecli ��� hsignaturei � j haxiomsi �

decls� �
specbody � �

decl� �� �decls� ��


decls� ������


axioms� �

The signatures of the individual declarations are uni	ed� The axioms part does not contain any

signature information�

Signature Declarations

Classes

hsignaturei ��� class hidi �subclass of fhidi �� �g�


j hidi subclass of fhidi �� �g�

��



class id � ��fidg� f�id � CPO�g�� �� �� �� ��

class id subclass of fid i��� g
� � ��fidg�

S
i
f�id� idi�g�� �� �� �� ��

id subclass of fid i��� g
� � ����

S
i
f�id� idi�g�� �� �� �� ��

Each de	ned class identi	er is stored in the class environment� In addition the subclass information

is stored� By default� each class is a subclass of CPO�

Sort Constructors

hsignaturei ��� sort hsidi f hsidi� j �� hclassexpi g
j fhsidi �� �g� �� hclassexpi

hclassexpi ��� �� fhidi �� �g� �
 hidi

sid i �� dom��� � � i � n n � �

sort sid sid� � � � sidn � ��� �fsidg� f�sid� �CPO� � � � �CPO� �z �
n

��CPO�g�� �� �� ��

n � �

sort sid�� �id�� � � � �idn�id� ��� �fsidg� f�sid� �CPO�� � � �CPO��CPO�� �sid� �id�� � � � � idn�� id�g�� �� �� ��

sort sid �� id � ��� �fsidg� f�sid� ���CPO�� �sid� ��� id�g�� �� �� ��

n � �

fsid i��� g
����id �� � � � � idn�id � ��� ���

S
i
f�sidi� �id�� � � � � idn�� id�g�� �� �� ��

fsidi��� g
� �� id� ��� ���

S
i
fsidi� ��� id�g�� �� �� ��

The sort constructors are stored together with their class information� Each sort constructor can

be applied to all sorts because each sort is an element of class CPO� Then the result class is always

CPO�

Sort Synonyms

hsignaturei ��� sortsyn fhsidig� � hsortexpi

sortsyn sid sid� � � � sidn�� � ��� �� fsid� ��sid�� � � � � sidn�� ��g� �� ��

Including a Signature

hsignaturei ��� SIG � hspecexpi �

specexp� �

SIG �specexp�� �

��



Mapping

hsignaturei ��� fhidi �� �g� � �hcontexti
 hsortexpi to hsortexpi

j fhinf�idi �� �g� � �hcontexti
 hsortexpi	 hsortexpi to hsortexpi �hprioi


�context� SVE 
�

fid i��� g
���context
sortexp� to sortexp� � ��� �� ��

S
i
fidi� SV E� sortexp� � sortexp��g� ��

�context� SVE
� � prio� �n�a�
���none�

f�id i���� g
���context
sortexp��sortexp� to sortexp�� prio
�

��� �� ��
S
i
f�idi� SV E� sortexp��sortexp� � sortexp�� n� a�g� ��

In the mapping environment the syntactic to is replaced by the function space constructor� From

a syntactic point of view there is no di�erence between these two identi	ers� If the priority

information is missing for in	x identi	ers we assume priority � and no associativity�

Functions

hsignaturei ��� fhidi �� �g� � �hcontexti
 hsortexpi

j fhinf�idi �� �g� � �hcontexti
 hsortexpi	 hsortexpi� hsortexpi �hprioi


�context� SVE
�

fid i��� g
���context
sortexp� ��� �� �� ��

S
i
f�idi�SVE� sortexp�g�

�context� SVE 
� � prio 
� �n� a�
���none�

f�id i���� g
���context
sortexp��sortexp� � sortexp�� prio 
�

��� �� �� ��
S
i
f�idi� SV E� sortexp��sortexp� � sortexp�� n� a�g�

Priority

hprioi ��� prio hnumi �� fleftjrightg


prio num� �val�num�� none�

prio num�left� �val�num�� left�

prio num�right� �val�num�� right�

Sort Contexts

Sort Contexts

hcontexti ��� fhscontexti �� �g� 

hscontexti ��� fhsidi �� �g� �� hidi

fsid i��� g
���id �

S
i
fsidi �� idg

��



scontext� SVE� �context� SVE�


scontext��context
� SVE���SVE�

f�dom�SVE �� � dom�SVE�� � �


Note that the domains of the uni	ed sort variable environments must be disjunct�

Generated By

haxiomsi ��� hsimplesortsi generated by hopnsi
hsimplesortsi ��� fhsidi fhsidig� �� �g�

hopnsi ��� fhopni �� �g�

hopni ��� hidi j hinf�idi

� � simplesorts� sois � � opns� cons

� � simplesorts generated by opns� �sois� cons�
fsee context conditions given below

� � fsidifsidijg
���� g� �

S
i
fsidig

� � f��
id i��
��� g
� �

S
i
fidig

c� The identi	er sidi must be de	ned as a sort constructor� Formally�

sidi � SConSet

c� The identi	er sidij must be a sort variable� Formally�

sidij �� dom���

c� The identi	er idi must be de	ned as a function if the optional dots are missing� Formally�

�idi� �� � FE for some �

c� The identi	er idi must be de	ned as an in	x function if idi is included in ��s� Formally�

�idi� �� n� a� � FE for some �� n� a

c� The result sort of the constructors in cons must be a sort of interest from sois� Formally�


id � cons� 
sid � sois

�id � �SVE� � � sidsid� � � � sidn� � � �

id � �SVE� sidsid� � � � sidn� � ��

� sid i �� SConSet � � i � n

c� All sort variables occurring in the argument sort of a constructor from cons must occur in

the result sort of the constructor� Formally�


id � cons�

�id � �SVE� �� � ���� � �

� FSV���� � FSV����

c� There must be a constructor in cons for each sort of interest from sois� Formally�


sid � sois� 
id � cons

�id � �SVE� � � sid sid� � � � sidn� � � �
id � �SVE� sid sid� � � � sidn� � ��

� sidi �� SConSet � � i � n

��



c� Each sort of interest from sois is only allowed to occur at the uppermost level of the argument

sort of a constructor� Formally�


id � cons �
sid � sois

�id � �SVE� �� � � � �� �n � ��� � �� n � �

� ��
��� � � � � �m��i � sid �� � � � �m � �j �� SConSet � � j � m�

��occurs�sid� �i�� � � i � n

����� The Sort Inference

Spectrum has a static sort system� However� a context free description as given in Section �����

cannot completely de	ne a statically sorted language� Sorting constraints are typically context

sensitive� Therefore we will de	ne the well�sorted axioms using a logical calculus� To simplify the

description of well�sortedness for axioms blocks we translate axioms blocks to equivalent ones in

the following way�

axioms �context
 f�j��g opdecls� � � � f�j�
�g opdeclsn in

�fid�g
 exp��
���

�fidmg
 expm�

endaxioms

is translated to

axioms �context
 in f�j��g opdecls�� � � � �f�j�
�g opdeclsn�

exp� � � � � � expm�

endaxioms

c� Each axioms block must be well�sorted� Formally�

� axiom in exp endaxioms� for some SVE� SVE� � �� exp �� Bool
� axiom context in exp endaxioms� SVE� � �� exp �� Bool

where context � SVE

Note that we use � both for sort variable substitutions and for their extensions to sort expressions�

FI�exp� denotes the set of identi	ers occurring freely in expression exp�

����� id �� ��id�
�var�


� � dom�SV E�� � �
�
���� � SV E���

����� id �� ����
�const�

�
FE�id� � �SV E� ��

� � FSV ���
fin
� Type


� � dom�SV E�� � �
�
���� � SV E���

����� �id� �� ����
�iconst�

�
FE�id� � ��SV E� ��� n� a�

� � FSV ���
fin
� Type

����� exp �� �

����� �exp� �� �
�paranthesis�

����� expi �� � � � i � n

����� �exp�� � � � � expn� �� �� � � � �� �n
�tuple�

����� exp �� �

����� exp � � �� �
�constrained�

����� exp� �� �� � �� ����� exp� �� ��
����� exp� exp� �� ��

�appl�

��



����� exp� �� �� ����� exp� �� ��
��� � exp� id�� ����
 exp� �� ��

�infix�

�������
������

FE�id� � ��SV E� ��� n� a�

� � FSV ���
fin
� Type


� � dom�SV E��

��
�
���� � SV E���

� � �� � �� � ��

����id� ���� exp �� ��
��� � 	 id�� ��
� exp �� �� � ��

�abstr��
	
FI�exp� �Dom�ME� � �

����id� � ��� � � � idn � �n�� exp �� �

����� 	 �id��� ��
� � � � � idn�� �n
�� exp �� �� � � � �� �n � �
�abstr��

��
�

idi pairwise disjoint

n � �

FI�exp� �Dom�ME� � �

���� id� � ��� � � � � idn � �n �� exp �� Bool

����� Q id�� � � � �idn� exp �� Bool
�quant��



Q � f
�
�� 
� 
�g

idi pairwise disjoint

���� id� � ��� � � � �idn� � ��� � � � �idm � �m� � � � �idnm � �m �� exp �� Bool

����� Q id�� � � � � idn� � ��� � � � � idm� � � � � idnm � �m� exp �� Bool
�quant��


Q � f
�
�� 
� 
�

idij pairwise disjoint

����� exp �� �����

����� id exp �� �����
�mappl�

�������
������

ME�id� � �SV E� ��

� � FSV ���
fin
� Type


� � Dom�SV E��

� �
�
���� � SV E���

� � �� � ��

����� exp �� �����

����� �id� exp �� �����
�imappl�

�������
������

ME�id� � �SV E� ��

� � FSV ���
fin
� Type


� � Dom�SV E��

� �
�
���� � SV E���

� � �� � ��

����� exp� �� ����� ����� exp� �� �����

����� exp� id�� ����
 exp� �� �����
�minfix�

�������
������

ME�id� � ��SV E� ��� n� a�

� � FSV ���
fin
� Type


� � dom�SV E��

� �
�
���� � SV E���

� � �� � �� � ��

����� exp �� ��
����� exp �� ��

�sortsyn�
	
�� �

�
� ��

The side condition in rules �abstr�� and �abstr�� ensures that no mapping is used in the body

of a 	�abstraction� Otherwise a 	�abstraction may denote a non�continuouse function� This is�

however� not allowed in Spectrum�

����� Class Inference

In Spectrum sorts are classi	ed by classes� Therefore we need a second calculus to de	ne the

judgement � � C� stating that sort � belongs to class C�

� �
�
� � C

�svar�
	
C � ����

��



� �
�
�i � Ci � � i � n

� �
�
sid �� � � � �n � C

�sconappl�



n � �

�sid� ��C�� � � � � Cn�� C� � SconType

� �
�
� � C�

� �
�
� � C�

�subclass�
	
�C�� C�� � Subset

����� In�x Symbols

The context free syntax given in Section ����� is ambiguous with respect to expressions because of

the user de	nable in	x identi	ers� Thus� parsing an expression possibly yields a set of semantic

objects� The following context condition uniquely selects the object with the desired binding�

c� The binding of in	x identi	ers must be correct with respect to the given priority and asso�

ciativity� Formally�


 exp � Formula � 
n � Prio � f�g� a � Assoc

exp� �n� a�

where exp� �n� a� is inductively de	ned on the structure of exp in the following way�

exp� � �n�� a�� exp� � �n�� a��

exp� id exp� � �n� a�

i� �FE�id� � ��� n� a� �ME�id� � ��� n� a���

�n� � n � n� � n �

n� � n � n� � n � a� � a � left �

n� � n � n� � n � a� � a � right �

n� � n � n� � a� � left � a � none � a� � right�

exp� � �n�� a�� � � � expm � �nm� am�

exp� ��� none�

����
���
for all other inductive cases�

where exp� � � � expm� m � �

are all direct

subexpressions of exp

��� In the Large

����� Context Free Syntax

hsystemi ��� hsysparti �system


hsysparti ��� halphanumidi � f hspecexpi j hsigmorphi j hspecabstri g

Signature Morphisms

hsigmorphi ��� 
hrename�listi�

hrename�listi ��� hrenamei �� hrename�listi


hrenamei ��� hinf�idi to hinf�idi j hidi to hidi j hsidi to hsidi

hmorphi ��� halphanumidi j hsigmorphi

Structured Speci�cations

��



hspecexpi ��� haspecexpi �� hspecexpi


j abstr � harg�lsti �
harg�lsti ��� hspecexpi �via hmorphi
 �� harg�lsti


haspecexpi ��� rename hspecexpi by hmorphi

j � hspecexpi �
j hide hsigel�seti in haspecexpi

j export hsigel�seti in haspecexpi
j f enriches hspecexpi� hdeclsi g

j haspecexpi j hspecbodyi

hsigel�seti ��� hsigeli �� hsigel�seti

hsigeli ��� hopni j hsidi j SIG � hspecexpi �

Parameterized Speci�cations

habstri ��� halphanumidi j hspecabstri

hspecabstri ��� param hspec�listibody haspecexpi
hspec�listi ��� halphanumidi � hspecexpi �� hspec�listi


����� Compound Semantic Objects

A speci	cation text consists of a set of �parameterized� speci	cations and signature morphisms

�the system parts� together with their declared names� Its abstraction is therefore a speci�cation

environment

c � SpecEnv � Alphanumid� SysPart

i�e� a 	nite mapping from identi	ers to system parts�

The abstraction 
 of a signature morphism is again a 	nite mapping� from identi	ers to identi	ers�

Abstract signature morphisms are used not only to rename speci	cations but also to implement

hiding� A symbol to be hidden is renamed to a fresh name� not available at the user level� As a

consequence� this symbol acts as if it was existentially bound� it cannot be used in any enclosing

speci	cation and does not collide with any other hidden symbol� Fresh names are taken from the

set of identi	ers HiddenId which is disjoint from the set of concrete syntax identi	ers VisibleId�

The set of all identi	ers is AllId�

To generate fresh hidden symbols we keep track in the base

�HIS�C� � Base � HiddenIdSet� SpecEnv

of the set HIS of hidden symbols generated so far in the speci	cation text� A hidden identi	er hid

is then fresh if hid �� HIS� For each speci	cation SP � the function hids�SP � returns the set of

hidden symbols in SP �

The abstraction of a speci	cation was de	ned in the previous section� It is a pair consisting of

a signature and a set of axiom blocks �a �at speci	cation�� The abstraction of a parameterized

speci	cation

SA � PSpecification � SpecParam� Specexp

is a tuple consisting of the list

SpP � SpecParam � List�Alphanumid� Specification�

of formal parameter speci	cations and the speci	cation expression of the body� We use a list

instead of 	nite mapping for the formal parameters because the order of the actual parameter list

SpA � SpecArgs � List�Sigmorph� Specification�

must match the order of the formal parameters� Actual parameters are required to match syntac�

��



tically the formal parameters modulo renaming i�e�

if �
i� SpAi� � SpA then 
i���SpPi�� � ��SpAi��

The de	nition of compound semantic objects for structured speci	cations is summarized below�

�HIS�C� or B � Base � HiddenIdSet� SpecEnv

C � SpecEnv � Alphanumid
fin
� SysPart

SysPart � SigMorph � Specification� PSpecification


 � SigMorph � AllId
fin
� AllId

SA � PSpecification � SpecParam� Specexp

SpP � SpecParam � List�Alphanumid� Specification�

SpA � SpecArgs � List�Sigmorph� Specification�

V Id � V isibleId � Sid � Op

HId � HiddenId � a set disjoint from V isibleId

AId � AllId � V isibleId �HiddenId

V IS � V isibleIdSet � Fin�V isibleId�

HIS � HiddenIdSet � Fin�HiddenId�

We are now ready to give the translation rules� To increase their readability� each rule is given

together with its associated context free production� Context checks which cannot be described

conveniently with the rules are given separately�

����� Translation Rules

System Speci"cation

hsystemi ��� hsysparti �system


hsysparti ��� halphanumidi � f hspecexpi j hsigmorphi j hspecabstri g

B � SY � syspart� P �B � P � system� SY 


B � syspart �system
� P � � SY 




no cyclic reference occurs

in syspart �system


The system part syspart can contain forward references to system part names from system� There�

fore it is necessary to add the abstract representation SY of system to the current environment

when translating system� However� references are not allowed to be cyclic�

B � specexp� SP

B � alphanumid � specexp� �hids�SP �� falphanumid� SPg�
falphanumid �� dom�B�

This rule� together with the previous one� assures the propagation of the hidden symbols into the

base�

B � sigmorph� 


B � alphanumid � sigmorph� ��� falphanumid� 
g�
falphanumid �� dom�B�

B � specabstr� SA

B � alphanumid � specabstr� ��� falphanumid� SAg�
falphanuid �� dom�B�

�




Signature Morphisms

hsigmorphi ��� 
hrename�listi�

hrename�listi ��� hrenamei �� hrename�listi


hrenamei ��� hinf�idi to hinf�idi j hidi to hidi j hsidi to hsidi

hmorphi ��� halphanumidi j hsigmorphi

B � rename�list� 


B � 
 rename�list �� 


B � rename� 
� �B � rename�list� 
�


B � rename �� rename�list
� 
� � � 
�

f�dom�
�� � dom�
�� � �


Abstractly� a signature morphism is a 	nite map� This motivates the side condition�

B � inf �id� to inf �id� � finf �id� � inf �id�g

B � id� to id� � fid� � id�g

B � sid� to sid� � fsid� � sid�g

alphanumid � dom�B�

B � alphanumid� B�alphanumid�

The name of a system part is translated to its de	nition�

Plus

hspecexpi ��� haspecexpi �� hspecexpi


haspecexpi ��� halphanumidi j hspecbodyi

B � aspecexp� SP� �B � specexp� SP�


B � aspecexp � � specexp
� SP� � � SP�

fSP���SP�
 is well formed

The sum of two �at speci	cations is again a �at speci	cation with signature and axioms the union

of the signatures and axioms of the component speci	cations� Clearly� this union has to be well

formed� otherwise it is rejected�

For alphanumid one uses the rule given in the previous section�

��



Rename

hspecexpi ��� rename hspecexpi by hmorphi

Abstractly� a signature morphism 
 is a 	nite map from identi	ers to identi	ers� If id �� dom�
�

we consider that 
�id� � id� A 	nite map 
 is extended to expressions� sort expressions and envi�

ronments in a trivial way which we do not further describe here� When a signature morphism 


is applied to a speci	cation SP � it is possible that dom�
� contains identi	ers outside the domain

dom ��SP � of signature identi	ers� To avoid both the collision of these identi	ers with variables

bound in SP and the renaming of identi	ers occurring in the standard signature� �S we restrict


 to � n�S before applying it to SP
�� We ambiguously write this as 
j��

C � specexp� ��� Ax� C � morph� 


C � rename specexp by morph� 
j���� Ax�
f
j���� Ax� is well formed

The renamed speci	cation has to be well formed� This is a very strong condition which excludes

all erroneous renamings which occur when changing the attributes of an identi	er �e�g� a sort

identi	er is renamed to an identi	er which was declared as a function in the same speci	cation or

a function identi	er is renamed to a function which occurs in the same speci	cation with another

signature��

Hide

haspecexpi ��� hide hsigel�seti in haspecexpi

hsigel�seti ��� hsigeli �� hsigel�seti


hsigeli ��� hopni j hsidi j SIG � hspecexpi �

As we already mentioned an identi	er is hidden by renaming it to a fresh identi	er from HiddenId�

This fresh renaming is abstractly realized with an injective function

���H � V isibleId� HiddenId

where H � HiddenIdSet and such that

id � V isibleId � idH � �HiddenId nH��

Given a set of visible identi	ers V IS and a set of hidden identi	ers HIS� we de	ne their associated

renaming morphism 
V IS
HIS as follows�


V IS
HIS � fid� idHIS jid � V ISg

The visible identi	ers of a signature have to build again a signature� As a consequence� hiding

a class has to automatically hide all sorts� sort synonyms� maps and functions whose signatures

contain this class� Similarly� when hiding a sort constructor and a sort synonym� Given an identi	er

id and a signature � we denote by scons�id���� ssyns�id���� maps�id��� and fncs�id��� the set

of sort constructors� the set of sort synonyms� the set of maps and respectively the set of functions

which contain id in their signatures�

�See �BFG���a� BFG���b� for the de�nition of the standard signature�
�Remember� that the set of bound identi�ers in a speci�cation SP is disjoint from the set of identi�ers declared

in the signature or SP �

��



If � � �CE� SCE� SSE�ME�FE� then the above sets are de	ned as follows�

scons� ssyns� fncs�maps � V isibleId� Sign� Fin�V isibleId�

scons�id��� � fscid j id occurs in SCE�scid�g

ssyn�id��� � fssid j id occurs in SSE�ssid�g
fncs�id��� � ffid j id occurs in FE�fid�g

maps�id��� � fmid j id occurs in ME�mid�g

The set of all identi	ers depending on id  the downward closure of id  is written as d�id����

It is de	ned as follows�

id � IdSet � d�id��� � fidg � fncs�id��� �maps�id��� � d�scons�id������

id � SconSet � d�id��� � fidg � fncs�id��� �maps�id��� � d�ssyns�id������

id � dom�SSE� � d�id��� � fidg � fncs�id��� �maps�id��� � d�ssyns�id������

id � dom�FE� � d�id��� � fidg

id � dom�ME� � d�id��� � fidg

This function is extended point�wise to sets of identi	ers� We also forbid to hide identi	ers from

the standard signature �S �

Note� The relation � between classes can be considered as an axiom� So hiding a class automat�

ically hides this axiom but it does not a�ect the other classes� Similarly hiding a function

does not a�ect the other functions which use the hidden one in their de	nition�

HIS�C � sigel�set� V IS HIS�C � aspecexp� ��� Ax�

HIS�C � hide sigel�set in aspecexp� 

d�V IS���
HIS ��� Ax�

fd�V IS��� � dom�� n�S�

B � sigel� V IS� �B � sigel�set� V IS�


B � sigel� � sigel�set
� V IS���V IS�


B � opn� fopng

B � sid� fsidg

B � specexp� ��� Ax�

B � SIG�specexp�� dom���

Export

haspecexpi ��� export hsigel�seti in haspecexpi

Export is similar to hiding� However� in this case the visible identi	ers are given in the export list�

As before� we must close this list� to a valid� visible signature� This closure operation is written as

u�id���  upward closure of id with respect to �  and it is de	ned as below�

��



Export�Closure Building

id � IdSet � u�id��� � fidg

id � SConSet � u�id��� � fidg � flat�CE�id��

id � dom�SSE� � u�id��� � fidg � u�flat�SSE�id�����

�id� t� � FE � u�id��� � fidg � u�flat�t����

�id� t� �ME � u�id��� � fidg � u�flat�t����

Given an expression t� then flat�t� builds the set containing all the class identi	ers� sort construc�

tors and sort synonyms which occur in t� Sort variables are ignored� Denote by dom��� the set

of all identi	ers occurring in the signature� Then we de	ne the complement set of u�V IS��� as

follows�

c�V IS��� � dom��� n �dom��S� � u�V IS����

The semantic rule for export is then as follows�

HIS�C � sigel�set� V IS HIS�C � aspecexp� ��� Ax�

HIS�C � export sigel�set in aspecexp� 

c�V IS���
HIS ��� Ax�

fV IS � dom�� n�S�

Parameterized Speci"cations

habstri ��� halphanumidi j hspecabstri

hspecabstri ��� param hspec�listi body haspecexpi

hspec�listi ��� halphanumidi � hspecexpi �� hspec�listi


hspecexpi ��� habstri � harg�lsti �

harg�lsti ��� hspecexpi �via hmorphi
 �� harg�lsti


A parameterized speci	cation �SpP� specexp� can be understood as a �macro de	nition� where

SpP � fid� � Sp�g � � � � � fidn � Spng

is the list of evaluated formal parameters and specexp is the unevaluated body�

This speci	cation can be applied to a list of actual parameters

�
�� SP
�
�� � � � � � �
n� SP

�
n�

only if�

� the signatures of the actual parameter include �modulo renaming� the signatures of the formal

parameters i�e� if �
ij�i���i� � �
�
i

� the union 
 � �
�j��� � � � � � �
nj�n� is again a signature morphism

In that case� the renamed body 
�specexp� is evaluated in a context where the actual parameters

replace the formal ones�

B � spec�list� SpP B � SpP � aspecexp� SP

B � param spec�list body aspecexp� �SpP� aspecexp�

B � specexp� SP �B � spec�list� SpP 


B � alphanumid � specexp� � spec�list
� falphanumid� SPg� � SpP 




�alphanumid ��
dom�SpP �


��



Note� The environment SpP overrides B� We therefore use B � SpP instead of B � SpP �

B � abstr � fid� � SP� � � � � � idn � SPn� aspecexp�

B � arg�lst� �
�� SP �
�� � � � � � �
n� SP

�
n�

B � fid� � SP �
� � � � � � idn � SP �

ng

� �
�j�� � � � � � 
nj�n��aspecexp�� SP

B � abstr�arg�lst�� SP

��
�
�
ij�i���i� � �

�
i

id � dom�
i� � dom�
j�

� 
i�id� � 
j�id�

B � specexp� SP �B � morph� 

 ��B � arglst� SpA



B � specexp� via morph
�� � arglst

� �fg��

� SP ���� SpA



��
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Appendix A

Context Free Syntax

A�� In the Small

In this section we de	ne the raw structure of our language �in the small� by giving a context�free

grammar in EBNF style�

hspecbodyi ��� f hdeclsi g

hdeclsi ��� fhsignaturei �jhaxiomsi �g�

Signatures

hsignaturei ��� class hidi �subclass of fhidi �� �g�


j hidi subclass of fhidi �� �g�

j sort hsidi f hsidi� j �� hclassexpi g

j fhsidi �� �g� �� hclassexpi
j sortsyn fhsidig� � hsortexpi

j SIG � hspecexpi �

j fhidi �� �g� � �hcontexti
 hsortexpi to hsortexpi

j fhinf�idi �� �g� � �hcontexti
 hsortexpi	 hsortexpi to hsortexpi �hprioi


j fhidi �� �g� � �hcontexti
 hsortexpi

j fhinf�idi �� �g� � �hcontexti
 hsortexpi	 hsortexpi� hsortexpi �hprioi


hclassexpi ��� �� fhidi �� �g� �
 hidi

hprioi ��� prio hnumi �� fleftjrightg


Sort Expressions

hsortexpi ��� hsortexp�i

j hsortexp�i� hsortexpi �Functional Sort�

hsortexp�i ��� hsortexp�i

j hsortexp�i f	 hsortexp�ig� �Product Sort�

hsortexp�i ��� hasorti j hsidi fhasortig�

hasorti ��� hsidi j � hsortexpi �

Sort Contexts

hcontexti ��� fhscontexti �� �g� 


��



hscontexti ��� fhsidi �� �g� �� hidi

Axioms

haxiomsi ��� axioms �hvarlisti
 f�f hidi g
 hexp�i �g� endaxioms

j hsimplesortsi generated by hopnsi
hvarlisti ��� �hcontexti
 ff�j��g hopdeclsig� in

hopdeclsi ��� fhsopdecli �� �g� j fhidi �� �g�

hsopdecli ��� fhidi �� �g� � hsortexpi

hsimplesortsi ��� fhsidi fhsidig� �� �g�

Expressions

hexp�i ��� hexp�i

j f � j �� j � j �� g hopdecli � hexp�i

j � hpati � hexp�i

hexp�i ��� hexp�i j hexp�i hidi �� hasorti
 hexp�i
hexp�i ��� haexpi j hexp�i haexpi

haexpi ��� hopni j � hexp�i � j � hexp�i f� hexp�ig� � j haexpi � hasorti

hpati ��� hidi �� hsortexpi


j � hidi �� hsortexpi
 f� hidi �� hsortexpi
g� �

Identi�ers

hidi ��� halphanumidi j hsymbolidi j hnumi j hcharconsti j hstringi

hinf�idi ��� hinf�alphanumidi j hinf�symbolidi

hsidi ��� hidif���� � �� � g

hopni ��� hidi j hinf�idi

hopnsi ��� fhopni �� �g�

A�� In the Large

hsystemi ��� hsysparti �system


hsysparti ��� halphanumidi � f hspecexpi j hsigmorphi j hspecabstri g

Signature Morphisms

hsigmorphi ��� 
hrename�listi�
hrename�listi ��� hrenamei �� hrename�listi


hrenamei ��� hinf�idi to hinf�idi j hidi to hidi j hsidi to hsidi

hmorphi ��� halphanumidi j hsigmorphi

Structured Speci�cations

hspecexpi ��� haspecexpi �� hspecexpi


j abstr � harg�lsti �
harg�lsti ��� hspecexpi �via hmorphi
 �� harg�lsti


haspecexpi ��� rename hspecexpi by hmorphi

j � hspecexpi �

j hide hsigel�seti in haspecexpi

j export hsigel�seti in haspecexpi

��



j f enriches hspecexpi� hdeclsi g

j haspecexpi j hspecbodyi
hsigel�seti ��� hsigeli �� hsigel�seti


hsigeli ��� hopni j hsidi j SIG � hspecexpi �

Parameterized Speci�cations

habstri ��� halphanumidi j hspecabstri
hspecabstri ��� param hspec�listibody haspecexpi

hspec�listi ��� halphanumidi � hspecexpi �� hspec�listi
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