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Abstract. We describe a way to make the static analysis for the in-
the-large part of the Common Algebraic Speci cation Langua ge (Casl )
independent of the underlying logic that is used for speci ¢ ation in-the-
small. The logic here is formalized as an institution with so me extra
components. Following the institution independent semant ics of Casl
in-the-large, we thus get an institution independent stati ¢ analysis for
Casl in-the-large. With this, it is possible to re-use the Casl static
analysis for extensions of Casl , or even completely di erent logics. One
only has to provide a static analysis for speci cations in-t he-small for
the given logic. This then can be plugged into the generic static analysis
for Casl in-the-large.

1 Introduction

The speci cation language Casl [Mos97,CoFa,CoF01], based on subsorted par-
tial rst-order logic, is the central language of a whole family of languages.
Current research includes the development oéxtensionsof Casl that also con-
sider the speci cation of higher-order functions [MHKBO0O0,SM] and of reactive
[RROOQ], [BZ00O] and object-oriented [ACZ00] behaviour. Sesral restrictions of
Casl to sublanguages [Mosc] make it possible to use specializeddl support.

Connected with this, Casl has a clean separation between speci cation in-
the-small and speci cation in-the-large. Speci cation in-the-small here means
speci cation of individual software modules using signatues and axioms, while
speci cation in-the-large concerns the combination of boh specications and
software modules. Following this design, also the semanticof Casl exhibits this
separation of concerns: The semantics of speci cation inkie-small is based on a
particular institution [GB92], while the semantics of sped cation in-the-large is
de ned over an arbitrary but xed institution [CoFb,Mos00a ]. (Strictly speaking,
institutions here are replaced by so-called institutions with quali ed symbols
[Mos00a] in order to admit symbol sets and symbol maps as basiprimitives,
instead of signature morphisms.) This separation of levelin the semantics makes
it possible to re-use the semantics ofCasl in-the-large also for the extensions
and sublanguages ofCasl . Only the semantics of Casl in-the-small has to be
adapted individually for each extension (and restricted appropriately for the
sublanguages).
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Based on the Casl semantics, we have implemented a static analyser for
Casl , which is part of the Casl tool set CATS ([Mosa,Mos00b], see also the
architecture of CATS in Fig. 1). Now for tool development it i s desirable to have
a similar separation of levels as in the semantics.
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Fig.1. Architecture of the Casl tool set (CATS)

In this work, we are therefore making our static analysis of Casl in-the-
large institution independent, based on the institution independent semantics.
This permits a similar economy as for the semantics: the stdt analysis tools for
extensions and sublanguages o€asl need only re-implement the institution-
speci ¢ part, while the static analysis of Casl in-the-large remains the same
for all institutions. As a side-e ect, the modular design of the Casl tool set



now becomes a good case study for@asl architectural speci cation. Architec-
tural speci cations [BST98] are a novel feature of Casl ; they allow to describe
branching points in system development by indicating units (modules) to be in-
dependently developed and showing how these units, once deleped, are to be
put together to produce the overall result. In the context of the present work,
this decomposition roughly will be one into institution-speci ¢ and institution
independent parts.

The main contribution of this work is not the introduction of new concepts
or proof of new results. Rather, it is a bridge between theoryand practice. We
feel that this is quite an important topic, since it is import ant both to know
whether and how the theoretical concepts really work in pratice, and to give a
solid theoretical basis for practical implementation work. Along these lines, this
paper can also be seen as a step towards bootstrappir@asl by using Casl to
develop Casl tools. Of course, much has to be done to achieve this goal, but
we feel that such a successful bootstrap would be a very conwting argument in
favour of Casl and the methodologies behind it.

The paper is organized as follows: Section 2 recalls the natn of institution
with quali ed symbols, while section 3 recalls the divisionof the Casl design into
di erent layers (cleanly separating speci cation in-the-small from speci cation
in-the-large). Based on this, in section 4, we informally dscribe how to separate
these layers also for the static analysis, thus obtaining a gneric static analy-
sis for Casl in-the-large. In section 5, we specify this as aasl architectural
speci cation. Section 6 contains the conclusions.

2 Preliminaries: Institutions with quali ed symbols

The notion of institution [GB92] formalizes what a logical system is. The theory
of institutions takes a predominantly model-theoretic view of logic, with the
satisfaction relation between models and logical sentenseadopted as a primary
notion. Somewhat unlike in the classical model-theory thogh, a family of such
relations is considered at once, indexed by a category of sigtures.

De nition 1.  An institution | consists of:

{ a category Sign of signatures

{ a functor Sen:Sign ! Set, giving a setSen( ) of -sentencesfor each
signature 2 jSignj,

{ a functor Mod :Sign® ! Cat!, giving a classMod ( ) of -models for
each signature 2 jSignj, and

{ for 2jSignj, a satisfaction relation Mod ( ) Sen( ),
such that for any signature morphism : ! 0 -sentence' 2 Sen( ) and

%model M °2 Mod ( 9 the following satisfaction condition holds:

MPE oSen( )(") 0 Mod ( )MIF

! cat is the (quasi-)category of all categories.



We write M9 for Mod ( )(M9), where : ! 02 Sign andM °2 Mod ( 9.

In the Casl institution ([CoFb]), signatures are the usual many- and sub-
sorted signatures with partial and total operations and predicates, and sentences
are formulas of the subsorted partial rst order logic with equality and sort gen-
eration constraints.

Institutions with quali ed symbols add further structure t o institutions,
mainly to deal with names and quali cations of symbols and with generation
of signature morphisms from concise and user-friendly symtd maps. Therefore,
an institution with qualied symbols comes along equipped with an underly-
ing set of (fully quali ed) symbols, for each signature, andan underlying symbol
translation map, for each signature morphism. Moreover, ttere also is a notion of
raw symbols, which includes besides the fully quali ed symiols also unquali ed
or partially quali ed symbols as they may be input in speci c ations.

In order to formalize this, consider an institution (Sign;Sen;Mod ;) ad-
ditionally equipped with a faithful functor j_j:Sign ! Set that extracts from
each signature the set of (fully quali ed) symbols that occu in it (i.e. ( Sign;j.j)
is a concrete category [AHS90]). We assume that there is somged “universe'
of Sym of symbols that may be used by the speci er when writing symbds (and
symbol mappings). In the Casl institution, the natural choice for j j is the set
of fully quali ed symbols of  (if we omit quali cations, j_j is no longer faithful,
because symbols may be overloaded with di erent pro les).

Now in Casl symbol mappings, one may (either partially or completely)
omit quali cations of symbols. This leads to the notion of raw symbo| which in
the case of theCasl institution can be a quali ed symbol, an unquali ed symbol
or a partially quali ed symbol. The link between symbols and raw symbols is
given by a matching relation specifying which symbols correspond to which raw
symbols. Finally, in Casl , tting maps for instantiations of parameterized speci-
cations are automatically extended to compound identi er s, such that they also
act on the components. In order to mimick this behaviour within an arbitrary
institution, we further assume that there is a set ID of compound identi ers.
This leads to the following de nition:

De nition 2 ([Mos00a]). An institution with quali ed symbols ( Sign; Sen;
Mod ;| ; Sym; j_j; ID; RawSym; IDAsRawSym; SymAsRawSym; matches ) con-
sists of

an institution (Sign;Sen;Mod ; ),

a set of (fully quali ed) symbols Sym,

a faithful functor j_j:Sign! Set,

a setID of compound identi ers,

a set of raw symbols RawSym with two injections IDAsRawSymD !
RawSym and SymAsRawSymSym! RawSym,

{ a matching relation matches Sym RawSym specifying which quali ed
symbols match which raw symbols,

[t Nt Wt Wasn Wasy )

such that



{jj Symforeach 2ijSignj,

{ for id;idq;:::;id, 2 ID, also id[ids;:::;idy] 2 ID (i.e. we can form com-

pound identi ers),

{ SY matches SymAsRawSyS8Y % i SY = SY%for SY;SY°2 Sym? and

{ for each SY 2 Sym, there is a uniqueldent 2 ID with SY matching
IDAsRawSym(ldent), called the name of SY .

3 The dierent layers of  Casl

The design ofCasl has been structured in four di erent layers, which are largdy
orthogonal to each other. The rst layer, Casl basic speci cations, allows to for-
malize axiomatic requirements for a single software modulén a speci c logic.
This corresponds to speci cation in-the-small. The other three layers are de-
voted to speci cation in-the-large: Structured speci cations allow to combine
speci cations in a structured way, still refering to speci cation of single software
modules. Architectural speci cations allow to prescribe how to decompose the
task of implementing a speci cation into smaller sub-taskswhich can be imple-
mented independently. Finally, basic, structured and architectural speci cations

can be collected intolibraries.

Architectural speci cations

Structured speci cations

Basic speci cations

Libraries

The Casl semantic concepts are structured in layers in a similar way:

2 This property is not technically needed in the semantics, bu t it is desirable since it

means that for each ambiguity there is a quali cation to reso Ive it.




Operations on pairs (Signature, Model class) Environments
in an arbitrary institution with quali ed sym- of named en-
bols, admitting amalgamation analysis tities

Operations on pairs (Signature, Model class)
in an arbitrary institution with quali ed sym-
bols

(Signature, Model class) in an institution with
quali ed symbols 00

Casl institution with quali ed symbols

The semantics of aCasl basic speci cation is a signature together with a
model class within the Casl institution with quali ed symbols (cf. De nition 2
above). Now, insofar as the other layers are concerned, theyer of Casl basic
speci cations can be replaced by any other institution with quali ed symbols.
More precisely, the semantics of structured speci cationscan be formalized over
an arbitrary institution with quali ed symbols. To de ne semantics of ar chitec-
tural speci cations, the underlying institution needs to satisfy some additional
conditions, connected to the amalgamation property. TheCasl institution does
not have the amalgamation property, but this problem can be dércumvented us-
ing an embedding into an enriched institution that has the property, as described
in [SMH* 01].

4  Generic static analysis

Now the structure of static analysis follows this layer structuring as well. This
enables us to turn the analysis of structured and architectual speci cations into
a generic program, with the interface consisting of sorts ad operations captur-
ing the static part of an institution with quali ed symbols ( i.e., the signature
category and the symbol functor) and, moreover, the static aalysis for basic
speci cations and for symbol maps. Note that symbol maps areusually consid-
ered to be part of structured speci cations in the Casl documents. However,
since they are institution-speci ¢ and there is no hope to m&e them institution-
independent, we here count them to the layer of basic speci ations.



Architectural analysis

Structured analysis

Interface for institution with quali ed symbols
and basic analysis 00

Casl institution with quali ed
symbols and basic analysis fo
Casl

The generic structured and architectural analysis can thenbe instantiated
with a program module providing the ingredients of the Casl institution with
quali ed symbols, and a basic analysis for it. Of course, it 8 now possible to
supply any other institution with symbols here.

Note that we have omitted the layer of libraries so far. This has been delib-
erate, since the analysis of libraries is entirely orthogoal to the rest: we only
need to assume that we have a notion of library item and a stati analysis for
library items. The library analysis then just performs the item analysis for each
library item in a given library, and takes care of downloads fom other libraries.

Interface for library items and library item Library
analysis analysis

Casl basic, structured and ar-
chitectural analysis

The generic library analysis can then be applied to the libray item anal-
ysis for Casl basic, structured and architectural speci cations. Note that we



presently do not have in mind to apply the library analysis within other con-
texts (although it would be easy to do so). The use of a generiprogram here
mainly has the reason of a clean separation of concerns.

5 Generic static analysis specied in Casl

arch spec LibraryAnalysis =

units | . Institution
SAS . Institution I StructuredAbstractSyntax ;
AAS : StructuredAbstractSyntax I ArchAbstractSyntax ;
GEnv : Institution I GlobalEnv
StrAna : Institution StructuredAbstractSyntax GlobalEnv
I StructuredAnalysis ;
ArchAna : Institution ArchAbstractSyntax GlobalEnv
StructuredAnalysis I ArchAnalysis ;
LibAna : AbstractLibltemAnalysis ! LibAnalysis ;
SS = SAS[l];
AS = AASJSS];
G = GEnv|[l];
Str = StrAna[l ][SS][G];
A = ArchAna [l [AS][G][Str];
result
LibAna [A t Entry 7! global_entry; Env 7! global_env;
analysis 7! arch_analysis]
end

Fig. 2. Speci cation of the static analysis of the Casl tool set as aCasl architectural
speci cation

Our task is now to formalize the graphical visualization of the separation of
layers in some way. This is exactly the taskCasl architectural speci cations have
been designed for. Hence, an architectural speci cation othe overall structure
of the static analysis is given in Fig. 2.

The unit |, satisfying the speci cation Institution  (the speci cation is given
in Fig. 3 and Fig. 4 below) contains implementation of all the institution-speci c
components needed in static analysis of structured and ardtectural speci ca-
tions:

{ Abstract syntax of basic speci cations, symbol maps and synbol lists, con-
forming to a simple interface speci ed in the speci cation BasicAbstract-
Syntax (given below),

{ a signature category together with a symbol functor and oth& components
of an institution with quali ed symbols,

{ operations performing basic analysis for the institution, i.e., analysis of ba-
sic speci cations, symbol maps and symbols lists (note thatthe analysis of



basic speci cations returns a basic speci cation again, sice mix x grouping
analysis might change the initial abstract syntax tree),

{ some additional operations, which in principle can be de nel over an ar-
bitrary institution with quali ed symbols, but only in a ver y ine cient to
compute (if computable at all) way. Hence, to achieve good pdormance, the
task of implementing these operations is assigned to the abbr of the unit
| . These operations include computation of signature union,subsignature
relation, induction of sighature morphisms from raw symbolmaps and a few
others,

{ an additional operation performing so-called sharing analsis, needed in the
static analysis of architectural speci cations. In the recently developed di-
agram semantics of architectural speci cations [SMH 01,SMH' ], each part
of an architectural speci cation is evaluated to a diagramD : | ! Sign,
where | is a nite category, and Sign is the signature category of the un-
derlying institution. A family of models HVIiiiZObU) is compatible with D
if for all i 2 Ob(l), M; 2 Ob(Mod (D(i))), and for all m :i ! j in I,
M; = Mod (D(m))(M;). For two diagrams D : | ! Sign, D°: 191 Sign,
where D° extends D, we say that D ensures amalgamability for D, if any
model family compatible with D can be uniquely extended to a family com-
patible with D% We can reduce this to the case wher®° extendsD by just
one object and one morphism into this object.

We now need a speci cation of diagrams in the category of sigatures and an
operation ensures _amalgamability checking whether the extension of a di-
agram with a new node and a new edge (corresponding to some &itectural
unit term) ensures amalgamability. Further motivation for introducing this
operation, together with a description of some di culties i n implementing
itin Casl institution, is given in [KHT * ,KIi00].

Based on this, several units containing institution independent operations
are built:

{ SS and AS, based on the syntactic part ofl and containing de nitions of
abstract syntax of structural and architectural speci cat ions,

{ G, implementing data structures for global environments neeled in the static
analysis of structural and architectural speci cations,

{ Str and A, implementing static analysis of structural and architectural spec-
i cations.

The institution independence of these units is expressed bproviding methods
of constructing them (i.e. parameterized units SAS, AAS, Genv, StrAna and
ArchAna , respectively) that can be applied to any unit satisfying the speci ca-
tion Institution
Finally, the resulting unit A is given as a parameter to a parameterized

unit LibAna, which, given a unit implementing static analysis of some aktract
library items (here instantiated with structured and archi tectural speci cations),
implements static analysis of libraries of such items.



We now specify an arbitrary institution with quali ed symbo Is in Casl it-
self. This speci cation is used as interface speci cation ér the described above
(speci cation of the) generic structured and architectural analysis in Fig. 2.

spec Institution =
Category  with object 7! sign
and BasicAbstractSyntax and List and FiniteSet and FiniteMap
and Diagram [Category with object 7! sign]
then %% Basic analysis
ops basic_analysis : BASIC _SPEC sign!

BASIC SPEC sign [FORMULA J;
stat_symb_map_items : [SYMB _MAP _ITEMS ]! Map raw _symbol;
stat_symb.items : [SYMB _ITEMS ]! [raw _symbol]

%% Structured speci cations: Symbols and symbol maps
sorts symbol < raw _symbol;
ID < raw _symbol
ops jj_Jj :sign! Set symbot
ji—-Jj : morphism ! Map symbol;
. __:pred(symbol symbol);
%% Ordering needed for e cient symbol tables
__matches__: pred(symbol raw _symbol);
empty_signature : sign;
_[J:1ID [D]! ID;
name : symbol! ID
%% Architectural speci cations: sharing analysis

op ensures_amalgamability :
diagram node sign edge morphism ! ?diagram
%% Derived operations
ops  signature_union :sign sign! ?sign;
nal _union :sign sign! ?sign;
is_subsig: pred(sign  sign);
generated_sign; cogenerated.sign : [raw _symbol] sign! morphism;
induced _from _morphism : Map raw _symbol sign! morphism;
induced_from _to_morphism : Map raw _symbol sign sign! morphism
%% Axioms omitted
end

Fig. 3. Speci cation of institutions with quali ed symbols

Since our target implementation language is Standard ML [Pai91], a higher-
order functional programming language, we use HaBasl [SM,MHKBO0Q], a poly-
morphic higher-order extension ofCasl designed for the speci cation of Haskell
programs, as speci cation language. In particular, in the ekamples below, we will
use polymorphic type constructors such asMap a, Set a, Table a band [a] (for
maps, sets, index tables and lists). However, note that the se of Ha€asl| is not
really essential here and it is done only to get better readality. The speci ca-



spec Category =
sorts  object; morphism
ops id :object! morphism;
—-0__: morphism  morphism ! ? morphism;
dom; cod : morphism ! object
%% Axioms omitted
end

spec Diagram [Category ]=
List
then sorts node; edge diagram
ops dom;cod : edge! node;
fresh_node : diagram ! node;
fresh_edge: diagram node node! edge
add_node : diagram node object! ?diagram;
add_edge: diagram edge morphism ! ? diagram;
empty_diagram : diagram;
object_at_node : diagram node! ? object;
morphism _at_edge: diagram edge! ? morphism;
diagram _nodes : diagram ! [node];
diagram _edges: diagram ! [edgd;
node_in _diagram : pred(node diagram)
%% Axioms omitted
end

spec BasicAbstractSyntax =
%% Minimum needed for interface to structured analysis

sorts FORMULA ;SYMB _LITEMS ; SYMB _MAP _ITEMS ; BASIC _SPEC

end

Fig. 4. Auxiliary speci cations used to specify institutions with

quali ed symbols



tions can be easily rewritten in plain Casl ; but then one has to explicitly include
a separate instantiation of lists, maps etc., for each requid element type. Also,
product sorts have to be introduced explicitly, and operations of predicate type
have to be replaced by predicates.

Axioms in this speci cation are omitted as irrelevant for th e general pre-
sentation given in this paper. All the needed axioms can be déved from the
semantics ofCasl .

The speci cation Institution , shown in Fig. 3, is essential for extending the
Casl tool set CATS with static analysis for future extensions andor restrictions
of Casl . To reuse the static analysis of structured and architectual speci ca-
tions in an enriched language, one should implement all theeci ed operations
for the new language. If architectural speci cations are onitted in the modi ed
language, the implementation of the operationensures _amalgamability can be
omitted. For restrictions of Casl , one can either just use the ordinaryCasl tool
set, combined with a sublanguage analyzer that we have deveped, or one can
re-implement the analysis of a sublanguage (e.g. to obtain étter e ciency) and
use the generic analysis foCasl in-the-large as described above.

The speci cation StructuredAbstractSyntax of the abstract syntax for
structured speci cations is given in Fig. 5. It is based on the abstract syntax for
basic speci cations (including sortsSY MB_ITEMS andSY MB_MAP _ITEMS
as a syntax for raw symbols and raw symbol maps). It follows tke Casl ab-
stract syntax [CoF01], except that the productions for SY MB_ITEMS and
SYMB_MAP _LITEMS are omitted { they belong to the institution-specic
part. We also provide a speci cation StructuredAnalysis with the pro les of
the analysis functions for structured speci cations. Moreover, the corresponding
speci cations for the architectural level are given in Fig. 6.

The speci cation GlobalEnv |, given in Fig 7, provides data structures for
the information that is extracted by the static analysis. For structured speci-
cations, the structure is roughly kept (mainly, symbol map s are replaced by
the corresponding signature morphisms), while basic speciations are fully ex-
panded to signature and set of axioms that they denote. The d&a structures for
architectural speci cations closely follow their semantics, as given in [CoFb].

The speci cation AbstractLibltemAnalysis is given in Fig. 8. It contains
asort LIB ITEM for the syntax of abstract library items (the constituents of
a library), a sort Env for the semantics of these, and a sortTEM _NAME to
name them. Environments (sort Env) are then just tables of entries indexed by
item names. The function analysis takes aLIB LITEM and analysis it in the
given environment.

The speci cation LibAnalysis is built on top of AbstractLibltemAnal-
ysis. It provides data structures for both libraries with possible downloads from
other libraries (this follows the Casl abstract syntax, except that an intermedi-
ate non-terminal LIB _ITEM C%is needed here to separate the library item-speci ¢
from the library item-independent parts), and a function check that statically
analyses a library, using the given functionanalysis from AbstractLibltem-
Analysis . It returns an environment corresponding to the library, and also takes



spec StructuredAbstractSyntax =
Institution and List and FiniteMap and String
then sorts SPEC_NAME = string;
VIEW _NAME = string

free types FIT _ARG = t _speq SPEC; [SYMB _MAP _ITEMS ])
j t _view(VIEW _NAME ; [FIT _ARG);

RENAMING
RESTRICTION

renaming ((SYMB _MAP _ITEMS ]);
hide_speq[SYMB _ITEMS ])
j reveal_speq[SYMB _-MAP _ITEMS J);

GENERICITY = genericity (PARAMS ; IMPORTS );
PARAMS = params([SPEC));
IMPORTS = imports ([SPEC]);

SPEC ::= basic(BASIC _SPEC)

translation (SPEC; RENAMING )
reduction (SPEC; RESTRICTION )
union _sped[SPEC])
extension([SPEC])

free_speq SPEC)

local _speq SPEC; SPEC)

closed_speq SPEC)

spec.inst (SPEC _NAME ; [FIT _ARG]);

VIEW _TYPE = view_type(SPEC; SPEC);

PRE _LIB _ITEM := specdefn(SPEC_NAME ;
GENERICITY ;
SPEC)
j view_defn(VIEW _NAME ;
GENERICITY ;
VIEW _TYPE)
end

spec StructuredAnalysis =
StructuredAbstractSyntax and GlobalEnv

then

ops specanalysis : sign globalL,env SPEC ! ?speclenv SPEC;
structured _analysis :

global.env PRE _LIB ITEM ! ?global_.env PRE _LIB _ITEM

%% Axioms and hidden operations omitted

end

Fig.5. Speci cation of structured abstract syntax and analysis



spec

then
sorts

free

end

spec

then
op

end

ArchAbstractSyntax =
StructuredAbstractSyntax

UNIT _.NAME = string;
ARCH _SPEC _NAME = string;
UNIT _-TYPE _NAME = string

types
ARCH _SPEC = basic_arch_speq[UNIT _DECL _DEFN ];
RESULT _UNIT )
j  named_arch _sped ARCH _SPEC _NAME );
UNIT _DECL _DEFN := unit _decl_case(UNIT _DECL)
i unit _defn_case(UNIT _DEFN );
UNIT _DECL = unit _decl(UNIT _NAME ; UNIT _SPEC;
UNIT _IMPORTED );
UNIT _IMPORTED  := unit .imported ((UNIT _TERM J);
UNIT _DEFN == unit .defn(UNIT _NAME ; UNIT _EXPRESSION );
UNIT _SPEC = unit _type_case(UNIT _TYPE )
j  specname_case(SPEC _NAME )
j arch_speccasegARCH _SPEC)
j  closed.unit _spe UNIT _SPEC);
UNIT _TYPE = unit _type([SPEC]; SPEC);
RESULT _UNIT := result_unit (UNIT _-EXPRESSION );

UNIT _EXPRESSION ::
UNIT _BINDING

unit _expression([UNIT _BINDING ]; UNIT _-TERM );
unit _binding (UNIT _NAME ; UNIT _SPEC);

UNIT _TERM := unit _translation (UNIT _-TERM ; RENAMING )

j  unit _reduction (UNIT _-TERM ; RESTRICTION )

j amalgamation([UNIT _-TERM 1J)

i local_unit (UNIT _DEFN ]; UNIT _-TERM )

i unit _appl(UNIT _NAME ; [FIT _ ARG _UNIT J);
FIT _ARG _UNIT == t _arg_unit (UNIT _TERM ; [SYMB _MAP _ITEMS J);
LIB _ITEM = sort PRE_LIB _ITEM

j arch_specdefn(ARCH _SPEC NAME ;

ARCH _SPEC)

j  unit _specdefn(SPEC _NAME ; UNIT _SPEC)
ArchAnalysis =
ArchAbstractSyntax and StructuredAnalysis

arch_analysis : global.env LIB _ITEM ! ?global.env LIB _ITEM
%% Axioms and hidden operations omitted

Fig. 6. Speci cation of architectural abstract syntax and analysi s



spec GlobalEnv =
Institution and List and Table and String

then

sorts SPEC_NAME = string;
UNIT _-NAME = string;
ITEM _NAME = string

free types

specenv ::= basic_env(sign; [FORMULA ])
translate _env(spec.env; morphism)
derive_env(spec.env; morphism)
union _env([spec.env])
extension_env([spec.env])
free _spec_env(spec.env)
closed_spec env(spec.env)
spec.inst _env(SPEC _NAME ; specenv; morphism; [specenv]);
%% intended use: (name, body, tting morphism, actual args)
speclenv ::= SPEC_ENV (sign; sign; specenv)
%% intended use: (attened sign, attened hidden sign, env)
op empty_speclenv : speclenv
type genericity _env = ( speclenv [speclenv] sign)
%% intended use: (union of envs for all imports,
%% list of envs for formal parameters,
%% signature union of all imports and all formal parameters)
type comp_sigs = [ sign];
unit _sig = comp_sigs  sign;
st_based.unit _ctx = Table UNIT _NAME node ;
based par _unit _sig = node par _unit _sig;
st_par _unit _ctx = Table UNIT _NAME based_par _unit _sig;
ext_st_unit _ctx = st_par_unit ctx st_based.unit ctx diagram;
arch _sig = ext_st_unit _ctx  unit _sig
%% architectural signatures
free type global_entry ::= specdefn_env(genericity _env; speclenv)
j view_defn_env(genericity _env; speclenv; morphism; speclenv)
j arch_specdefn_env(arch_sig)
j  unit _spec.defn_env(unit _sig)
type global_env = Table ITEM _NAME global _entry
op empty_global_env : global_env
end

Fig. 7. Speci cation of global environments



spec AbstractLibltemAnalysis =
String and Table
then sorts LIB _ITEM ;Entry ;
ITEM _NAME = string;
Env = Table ITEM _NAME Entry
ops analysis:Env LIB JITEM ! ?Env LIB _ITEM
end

spec LibAnalysis =

AbstractLibltemAnalysis
then
sorts LIB _NAME = string
free types

ITEM .NAME _OR_MAP := item_name(ITEM _NAME )
j item_name_map(ITEM _NAME ; ITEM _NAME );
LIB JITEM ° = sort LIB _.ITEM
j  download-items(LIB _NAME ;
[ITEM _NAME _OR_MAP ));
LIB _DEFN = lib_defn(LIB .NAME  [LIB _ITEM ]);
Lib _Env ::= lib_env(Table LIB _NAME (Env LIB _DEFN ))
op check: Lib_Env LIB _DEFN ! Lib_.Env Env LIB _DEFN
%% Axioms and hidden operations omitted
end

Fig. 8. Speci cation of abstract library analysis

and returns a library environment, which is a table associaing library names
with environments.

6 Conclusion and future work

We have shown how to structure the static analysis ofCasl within the Casl
tool set (CATS) in a modular way. We therefore have followed the structuring
of the Casl design and semantics into several layers, and outlined howhe
static analysis can be turned into a generic program which igparameterized over
an arbitrary institution (plus some extra components). We also have speci ed
this modular structure of the Casl static analysis in Casl itself, using a Casl
architectural speci cation with parameterized units.

At the implementation level, these parameterized units arerealized as Stan-
dard ML functors (SML is the implementation language of the Casl tool set).
Thus, this work can also be seen as a case study of relatinGasl architec-
tural speci cations and Standard ML implementations. The size of the di erent
components of theCasl tool set is as follows:



Parsing and printing 7.000 lines of code
Institution-speci ¢ analysis 9.000 lines of code
Institution-independent analysis| 9.000 lines of code
|Total [25.000 lines of codk

This means that for replacing the Casl institution with some other institu-
tion like higher-order Casl , one has to re-program both the institution-speci c
analysis and the parsing and printing, while the generic infitution-independent
analysis can be re-used.

In the future, this should be applied to several extensions b Casl , like
HO-Casl [MHKBOO], HasCasl [SM], Casl -LTL [RR00], SB-CASL [BZ00], LB-
Casl [ACZzO0Q], etc.

We hope that also large parts of the institution-speci ¢ analysis of Casl
basic speci cations can be re-used, since these extensioase built on top of
Casl . However, it is not clear whether this re-use can be turned ito a generic
program. At the moment, this kind of re-use seems to be more adopy and paste"
re-use. The same also holds for parsing and printing, sinceegerally it seems to
be dicult to build parsers for \grammars with holes" and to i nstantiate the
holes with di erent (institution-speci c) grammars later on.

A related direction of future work is the construction of a static analysis
for heterogeneougCasl [Mosb]. Heterogeneou<asl combines several logics for
basic speci cations within one language, while the structued and architectural
speci cations basically are those ofCasl .
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