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Abstract. This paper reports the application of language metamodel-
ing techniques to EJB3QL, the object-oriented query language for Java
Persistence recently standardized in JSR-220. Five years from now, to-
day’s EJB3 applications will be legacy. We see our metamodel as an
enabler for increasing the efficiency of reverse engineering activities. It
has already proven useful in uncovering spots where the EJB3QL spec
is vague. The case study reported in this paper involved (a) expressing
the abstract syntax and well-formedness rules of EJB3QL in UML and
OCL respectively; (b) deriving from that metamodel software artifacts
required for several language-processing tasks, targeting two modeling
platforms (Eclipse EMF and Octopus); and (¢) comparing the gener-
ated artifacts with their counterparts in the reference implementation
of EJB3 (which was not developed following a language-metamodeling
approach). The metamodel of EJB3QL constitutes the basis for apply-
ing model-checkers to aid in assuring conformance of tools claiming to
support the specification.

1 Introduction

Language Engineering is an increasingly important area which leverages basic
results from Computer Science and a variety of tools developed over the years. Its
main goals are (a) simplifying the generation of language processing tools and
environments, as well as (b) offering guarantees about their conformance and
interoperability. Progress around the first category (productivity) has benefited
software practitioners facing the task of developing tooling for domain-specific
languages in a cost-effective manner. Our findings confirm that language specifi-
cations which increase productivity are also well-suited for the second category
(correctness), an issue that has gained less attention overall.

Concrete examples of features under the “productivity” category include
syntax-aware editors, support for visual syntax (either for editing or visual-
ization only), and integrated software repositories (cross-artifact detection of
inconsistencies, metrics). Support under the “correctness” category includes the
model-checking of language processing algorithms to offer guarantees about the
transformations they realize. Two basic desirable guarantees are: (a) that all out-
put sentences belong to the target language [1], and (b) that the transformation



function covers the whole input language for which it was designed [2]. Expe-
rience with current model-driven tooling shows that these basic requirements
are not always met. Beyond these general requirements, guarantees specific to a
transformation are also desirable. For example, that an optimized implementa-
tion outputs the same result as the non-optimized version.

The structure of this paper is as follows. Sec. 2 presents motivational exam-
ples of well-formedness rules and their formulation in the metamodel of EJB3QL.
Sec. 3 discusses the impact of language metamodeling techniques on the consis-
tency and completeness of a language specification. Sec. 4 summarizes places
where the JSR-220 EJB3QL spec was found to be incomplete or imprecise. Sec.
5 is devoted mostly to tooling, explaining how to integrate in language processing
tools the software artifacts generated from metamodels. Sec. 6 discusses related
work, with Sec. 7 offering conclusions and possibilities for further work.

This paper assumes knowledge from the reader about object-oriented mod-
eling and database query languages. References to individual techniques and
sub-problems are discussed, and context is provided in the form of motivation
and related work. The software artifacts developed as part of this case study are
available for download from [24]

2 Reverse engineering the EJB3QL spec: how and why

The EJB3QL spec includes an EBNF grammar which, as usual, cannot capture
all well-formedness constraints relevant to the language being defined. Imple-
menters of the spec cannot rely on a machine-processable specification of all
relevant well-formedness rules (WFRs) thus leaving open the possibility for non-
interoperable implementations, given the finite resources that can be devoted to
check conformance.

The evaluation of WFRs that are not captured by an EBNF grammar be-
comes a responsibility of the semantic analysis phase of a language processing
tool. As a simple example of one such check, JSR-220 requires “Entity names
are scoped within the persistence unit and must be unique within the persistence
unit.” (Sec. 4.3.1). The OCL formulation is as follows:

context PersistenceUnit
inv WFR_4.3_.1 : self.entities —>isUnique(name)

Beyond the productivity gain (once expressed in OCL, Java code to eval-
uate it can be generated automatically), the fact that this check is specified
declaratively instead of implemented procedurally makes the resulting artifacts
amenable to formal verification. For this particular WFR the “many-eyeballs
principle” is enough for validating an implementation. This strategy does not
scale to more subtle, intricate WFRs. Sec. 4 contains the OCL encoding of com-
plex WFRs for which the correctness of a procedural evaluation is non-obvious.

As a further motivating example consider the case where the EBNF gram-
mar underspecifies the WFR about expressions that compare values declared in
enumerations. The production comparison_expression contains an alternative




(shown in bold on Table 1) for just this case, (in-)equality comparison of values
coming from enumerations:

Table 1: EBNF for comparison_expression

comparison_expression ::=
string_expression comparison_operator
{string_expression | all or_any_expression} |

boolean_expression { = | <> }
{boolean_expression | all_or_any_expression} |
enum expression { = | <> }

{ enum_expression | all or_any expression} |
datetime_expression comparison_operator

{datetime_expression | all_or.any_expression} |
entity_expression { = | <> }

{entity_expression | all or_any_expression} |
arithmetic_expression comparison_operator

{arithmetic_expression | all_or_any_expression}

In fact, comparing values from different enumeration types makes no sense
(doing so would defeat the whole purpose of enumeration types) but the grammar
does not rule it out. This particular WFR is probably included in the semantic
analysis phase of the reference implementation (but we haven’t examined its
source code to confirm it) while its OCL formulation is quite compact:

context EnumCompExp
inv comparedValuesBelongToTheSameEnumerationType

left .type() = right.type()

In another category, the grammar in the spec sometimes misses the oppor-
tunity to make distinctions that it could express, a fact that was brought to
our attention by comparing it with its version for the ANTLR parser generator
(http://www.antlr.org) in the reference implementation. From the spec:

4.6.9 Like Expressions
The syntax for the use of the comparison operator [NOT] LIKE in a
conditional expression is as follows:

string expression [NOT] LIKE pattern.value [ESCAPE
escape_character]

The string_expression must have a string value. The pattern_value
is a string literal or a string-valued input parameter in which ...

According to this, pattern value can be replaced by one of two specific
constructs, for which grammar productions are defined (literalString and
inputParameter). The normative document does not make this distinction (in




that patternvalue is left undefined.) The reference implementation however
reflects the intention of the spec, except that it calls 1ikeValue what the spec
calls pattern value (Figure 1):

likeValue

literalString

inputParameter

Fig. 1. Reference implementation, what a pattern_value can be

The argument can be made that even if abstract syntax is expressed as a
UML+OCL metamodel, an EBNF grammar is still required to specify a concrete
textual syntax. Proposals exist [3-5] to decorate an object-oriented language de-
scription with annotations to specify concrete syntax by choosing among a fixed
palette of alternatives (e.g. to indicate whether an operator is prefix or infix). A
further use for such information is the generation of an unparser. Additionally,
if a representation of the metamodel is available at runtime, the implementation
of syntax-sensitive features (e.g. content assist) is made simpler.

A sidenote on the UML tooling involved so far. Our metamodel was first
prepared in Octopus [6], an Eclipse-based BSD-licensed tool supporting UML
1.4 class models enriched with OCL 2.0. As explained in Sec. 5, a translation to
Eclipse EMF+OCL was achieved automatically. As for the grammarware tooling
[22], the details are: “railroad diagrams” for the ANTLR grammar were gener-
ated with [7]. Another EJB3QL grammar is available as part of OpenJPA [8]. It
is encoded in JJTree [23], a tree builder for the JavaCC parser generator.

We will follow the convention of displaying grammar productions from JSR-
220 in EBNF notation. The names of OCL invariants have been chosen to allow
for easy cross-referencing with the spec, each such name is prefixed with “WFR_”
followed by the section number where the spec introduces the constraint.

3 Consistency and completeness enforced by language
metamodeling

Expressing the structure and WFRs of a language as a UML+OCL metamodel
forces the specification authors to consider corner cases that may be easily over-
looked otherwise. While encoding in OCL the WFRs around type compatibility
for comparison and for assignment expressions, we noticed that the spec is not
clear about what combinations of (LHS type, RHS type) are valid in assign-
ments (as part of the UPDATE statement), in case persistent entity types are
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Fig. 2. Metamodel fragment for the UPDATE statement

involved. The spec is silent about whether assigning a B-typed value to a field
with declared type A (where B is a subtype of A) is standard across implemen-
tations, implementation-dependent, or disallowed. Portability warnings for such
cases are encoded in our metamodel as OCL invariants. For example, “State-
fields that are mapped in serialized form or as LOBs may not be portably used
in conditional expressions” (Sec. 4.6 of the spec) can be found by searching
for PORTABILITY _4_6. This section discusses in more detail our observations
around the UPDATE statement.

Following the grammar in the spec, our metamodel allows an UPDATE state-
ment to own one or more Updateltem, each representing a LHS := RHS. All
constructs that are allowed on the LHS support the UML interface LHSUp-
dateltem, similarly for those on the right hand side (Figure 2). For comparison,
the EBNF counterpart is reproduced in Table 2.



Notice that all shared properties of alternatives in a production rule can be
factored out into the interface that covers them. In the UPDATE example, all
constructs (and only those) on the RHS that may evaluate to a primitive type
conform to the interface RHSUpdateltemSupportedJavaType, thus allowing an
OCL expression to abstract away from the sub-cases.

Table 2: Metamodel fragment for the UPDATE statement

update_statement ::= update_clause [where_clause]
update_clause ::=

UPDATE abstract_schema_name [[AS] identification_variable]

SET update_item {, update_item}*
update_item ::=

[identification_variable.]

{state_field | single_valued association_field } = new_value
new_value ::=

simple_arithmetic_expression |

string_primary |

datetime_primary |

boolean_primary |

enum_primary

simple_entity expression |

NULL

Sec. 4 10 of the spec deals with assignments involving primitive types only:
“The new_value specified for an update operation must be compatible in type
with the state-field to which it is assigned.” For completeness, the WFR for type
compatibility for comparison (not assignment) between entities is also mentioned
here, although it does not shed light on this issue: “Two entities of the same
abstract schema type are equal if and only if they have the same primary key
value.” (Sec. 4.12)

Making explicit the underspecified assignment case is forced upon us by OCL
type checking. It all starts when we consider the two sub-cases for a LHS: inter-
face LHSUpdateltem is realized by classes StateField and by SingleValuedAs-
socField only (our metamodel faithfully enforces the partition semantics: the
sub-cases cover completely and are disjoint with each other).

Listing 1.1 reproduces the OCL if-statement that specifies the compatibility
condition for the primitive-types case (the then-branch) as well as the entity-
types case (the else-branch). The else-branch in turn has to consider again the
two partitioning sub-cases of the RHS: primitive or entity. The first case prompts
returning false (the types are not assignment-compatible). The second case em-
bodies a conservative approach: only assignments of entities of exactly the same
declared type are allowed, for lack of additional assurances from the specification.
This can be revised as the spec is updated.



Listing 1.1. OCL encoding of type compatibility for assignments in an Up-
dateltem

— 7"The new-value specified for an update operation must be
— compatible in type with the state—field to which
— it is assigned”
context Updateltem
inv WFR_4_10_A
if left.oclIsKindOf(ejb3qlmm :: pathExp:: StateField)
then
—— LHS is typed with SupportedJavaType
if not rightNewValue. oclIsKindOf(
ejb3qlmm :: stmts :: RHSUpdateltemSupportedJavaType)
then false
else let
tl : ejb3qlmm ::schema:: SupportedJavaType
= left .oclAsType(ejb3qlmm :: pathExp:: StateField)
~type (),
—— RHS is either SimpleArithEzp , StringPrimary,
— BooleanPrimary, DatePrimary, or EnumPrimary
t2 : ejb3qlmm ::schema:: SupportedJavaType
= rightNewValue. oclAsType (
ejb3qlmm :: stmts :: RHSUpdateltemSupportedJavaType)
~type ()
in ejb3qlmm ::schema:: SupportedJavaType::
areTypeCompatible(tl, t2)

endif
else
— LHS is typed with AbstractSchema
if not rightNewValue. oclIsKindOf(
ejb3qlmm :: stmts :: RHSUpdateltemEntity)
then false
else let
t1 : AbstractSchema = left .oclAsType(
ejb3qlmm ::schema:: SingleValuedAssocField ). type,
— RHS is either RHSNull, IdVarDecl, or EntitylnputParam
t2 : AbstractSchema = rightNewValue.oclAsType (
ejb3qlmm :: stmts :: RHSUpdateltemEntity ). type ()
in t1 = t2 — TODO spec incomplete.
—— What about inheritance?
endif
endif

Notice that the WFR discussion so far lies still within the realm of language
structure, not operation. We don’t claim that behavioral semantics should be
specified in OCL. However, sooner or later, such additional information is needed
for answering some decision problems. For example, without knowledge of the
prescribed evaluation order of the LHSs in an UPDATE statement, what can be
said about the following statement? Does it exchange the references being held
in fields workAddress and homeAddress or not?



UPDATE Employee
SET workAddress = homeAddress,
homeAddress = workAddress

The metamodeling approach allows expressing “details” which are taken for
granted as unstated assumptions in most language specs. Continuing with the
example of Updateltem, it can be made explicit that the fields being assigned are
actually visible (declared or inherited) at the type of the entity being updated:

context Updateltem
inv LHSVisibility :
self .updateStmt. fromClause.type (). isVisible (self.left)

Making explicit these assumptions is a precondition for applying formal ap-
proaches to reasoning about software artifacts.

4 Selected examples of additional corner cases

4.1 Visibility of declarations

Just like in SQL, queries and subqueries may declare one or more identification
variables in a FROM clause. The SELECT, WHERE, GROUP BY, and HAV-
ING clauses may then refer to these variables. In case subqueries are present,
the spec is not clear about how to interpret a nested variable declaration with
the same name as a declaration in the outer scope. Is it disallowed or does it
hide the outer declaration? For example:

SELECT c
FROM Customer c
WHERE c.balanceOwed
< ( SELECT avg(c.balanceOwed)
FROM Customer c )

Scopes for identification variables are not defined as such in Ch. 4 of the spec.:
“An identification variable always designates a reference to a single value. It is
declared in one of three ways: in a range variable declaration, in a join clause, or
in a collection member declaration. The identification variable declarations are
evaluated from left to right in the FROM clause, and an identification variable
declaration can use the result of a preceding identification variable declaration of
the query string. ” (Sec. 4.4.2). However, Sec. 4.6.2 implicitly introduces the no-
tion of a visibility scope for identification variables: “All identification variables
used in the WHERE or HAVING clause of a SELECT or DELETE statement
must be declared in the FROM clause, as described in Section 4.4.2. The iden-
tification variables used in the WHERE clause of an UPDATE statement must
be declared in the UPDATE clause.”

Our interpretation of the scope rules can be summarized as: A FROM clause
(and other constructs) introduces a new scope for identification variables. Scopes
may be nested forming a tree hierarchy, with (new) variables declared in an




inner scope hiding those with the same name in surrounding scopes. To confirm
whether ORM (Object-Relational Mapping) engines conforming to the JSR-
220 spec follow this interpretion, EJB3QL queries involving variable hiding were
translated to SQL with two different engines. The resulting SQL exhibits variable
hiding by explicitly renaming the declaration and usages of the inner variables.

In terms of our metamodel, we check in each query (including subqueries)
whether all usages of variables refer to variables which are visible:

Listing 1.2. Declarations-before-usages for a SelectStmt

context SelectStmt
inv WFR_4.6_2_A:
( not self.whereClause—>isEmpty ()
implies
self . whereClause . areAllReferredVarsVisible (
self .locallyDeclaredIdVars() )
) and (
not self.havingClause—>isEmpty ()
implies
self . havingClause . areAllReferredVarsVisible (
self .locallyDeclaredIdVars() )
)

The argument received by function areAllReferredVarsVisible() is a set con-
taining the declarations of visible variables. The recursive nature of the check
performed by areAllReferredVarsVisible() can be seen at work for a subquery.
The overriding OCL defintion is shown in Listing 1.3. Before checking whether
its WHERE and HAVING clauses (if any) fulfill the declares-before-usages con-
straint, the scope is augmented with the locally declared variables by using the
OCL union() operator:

Listing 1.3. Declarations-before-usages for a subquery

context Subquery::areAllReferredVarsVisible ( varsInScope
Set (ejb3gqlmm ::idVarDecl:: IdVarDecl) ) : Boolean
body
( not self.whereClause—>isEmpty ()
implies
self . whereClause . areAllReferredVarsVisible (
varsInScope—>union (self.locallyDeclaredIdVars()))
) and (
not self.havingClause—>isEmpty ()
implies
self . havingClause . areAllReferredVarsVisible (
varsInScope—>union (self.locallyDeclaredIdVars()))

)

As in other situations, a visitor could have been written to procedurally val-
idate scope visibility. Again, arguments related to the “productivity” and “cor-
rectness” categories introduced in Sec. 1 can be made in favor of the declarative
approach.
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4.2 GROUP BY

GROUP BY is a rich source of WFRs that amount to exceptions to otherwise
valid queries. For example, groups can be formed based on the values of an
entity-typed column, with an exception: “Grouping by an entity is permitted.

In this case, the entity must contain no serialized state fields or lob-valued state
fields.” (Sec. 4.7 of the spec):

Listing 1.4. Constraint on entities used as grouping criteria

context SelectStmt
inv WFR.4.7_B:
let entitiesUsedAsGroupBy
Set (ejb3qlmm :: schema:: AbstractSchema)
= groupbyClause—>iterate (
gbi : ejb3qlmm :: selectStmt :: GroupByltem ;
r : Set(ejb3qlmm ::schema:: AbstractSchema) = Set{} |
if gbi.oclIsKindOf(ejb3gqlmm ::idVarDecl::IdVarDecl)
then r—>including (gbi.oclAsType (
ejb3qlmm ::idVarDecl:: IdVarDecl). type())

else r
endif )
in entitiesUsedAsGroupBy—>forAll (
as : ejb3qlmm ::schema:: AbstractSchema

as.lobFields —isEmpty () )

Some constraints stated in the spec are vague. For example, if a GROUP
BY clause is used to reduce a dataset into groups, a boolean expression may
be given in the HAVING clause to leave out some of the reduced groups. Such
expression may refer only to the groups already reduced, not to their base data.
The phrasing in the spec does not make it clear: “The HAVING clause must
specify search conditions over the grouping items or aggregate functions that
apply to grouping items.” (from Sec. 4.7 of the spec). Our reading is that a
HAVING clause may contain usages of the following:

1. items which are grouped in the GROUP BY clause, as well as

2. aggregate functions on non-grouped items. Given that applying an aggregate
function to a grouped item consisting of just one value always returns that
single value, we rule out this possibility

The set of item 1 consists of instances of any class implementing the interface
GroupByltem. All usages in the HAVING clause not belonging to that set must
be arguments to an aggregate function (i.e. must be an instance of a subclass
of AggregateExp). An OCL function returning all data-access expressions being
used in a CondExp returns the set for checking the condition in item 2. Such
function is reused in the formulation of other WFRs.
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Fig. 3. SELECT statement, including GROUP BY and HAVING clauses

5 Integrating the artifacts generated from the language
metamodel in a software project

After the EJB3QL metamodel passed the validation checks enforced by Octopus
[6], artifacts were generated for use as building blocks in a larger toolset. These
artifacts are available for download from [24]:

1. An in-house developed extension to Octopus was used to generate an AST
library in Java. Our extension generates Java 5 code (using generics, enums)
by building upon Octopus’ approach to compiling OCL expressions into Java
statements instead of leaving them as strings for interpretation at runtime
as done by EMF OCL.

2. In another project, an Eclipse plugin was developed to translate a valid
UML+OCL specification from Octopus into its EMF counterpart, by gener-
ating a human-readable Emfatic document [9] with annotations containing
OCL expressions for interpretation at runtime [10]. In anticipation of this
step, our metamodel was prepared using only those constructs of UML 1.4
amenable for translation into EMF.

3. The evaluation of OCL invariants takes place for individual ASTs which
are instantiated either programmatically or by means of a GUI. The GUI
was generated by EMF and consists of a tree editor with property sheets. A
console allows typing ad-hoc OCL queries for direct evaluation on selected
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elements. As a whole, this rapid prototype allowed gaining early feedback on
visual AST construction.

6 Related Work

The (automatic) conversion of an EBNF-based language description into a meta-
model based one (e.g. MOF-based) has been addressed before [11]. OO general-
ization and namespace mechanisms allow for compactly expressing WFRs.
Language metamodels based on UML+OCL ease the task of integrating dif-
ferent kinds of software artifacts in a single software repository, offering ad-
vantages over manipulating a subset of the artifacts that should remain inter-
consistent (language schemas [12] have been used for the same purpose). For
example, a repository may warn about EJB3QL queries requiring full table
scans, resulting from Cartesian products where the fields involved in the se-
lection condition are not indexed. Finding such queries involves access to both a
representation of the database physical schema and to the AST of the EJB3QL
queries. Software repositories allowing querying with OCL and with Prolog-like
languages have been reported in the literature ([13], [14], respectively).

SimpleOrEmbeddedField

——————————{>{ + name : EString <
+ toString ()

PersistenceUnit

+ invariant_differentEntitiesAreDifferentUMLClasses ( ) S rtedJavaT
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Fig. 4. Logical database schemas for EJB3QL are instantiations of this metamodel
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An interesting issue around translating OCL queries into their EJB3QL re-
alization is the adjustment to a similar but not identical type system (that for
EJB3QL is depicted in Figure 4). This transformation surfaces in the context of
the refinement of a Platform Independent Model (PIM) to a Platform Specific
Model (PSM), as advocated by model-driven development. In our case, the PIM
is expressed in UML+OCL and the PSM in terms of Java Enterprise Edition,
including EJB3QL.

One such adjustment has to do with the data modeling capabilities of PIM
and PSM. For example, a UML+OCL (platform-independent) model abstracts
the realization mechanism for {ordered} associations ends. A particular PIM
to PSM refinement will choose one of several mapping patterns to realize the
{ordered} feature (involving at least an additional column, possibly additional
tables). As a result, the automatic translation to EJB3QL of OCL queries re-
lying on ordered collections must take the chosen pattern into account, making
explicit use of it in the platform-specific representation. Patterns for mapping
OCL constructs to SQL’92 (with stored procedures) have been reported in [21].

A recurring problem in ORM (Object-Relational-Mapping) is the propa-
gation of changes from a logical-level UML-based model to physical database
schemas, with the associated impact analysis of those changes (e.g. determining
which queries become invalid). This scenario makes unavoidable the processing
of EJB3QL ASTs, as it implies cross-artifact consistency checks between the
UML class model and its mapping to an instantiation of 4.

7 Conclusions and Future Work

Improving the quality of enterprise-class software systems requires at some point
advanced decision procedures, which in turn build upon precise language def-
initions. Reverse engineering and other activities in the software development
process can cope with the increasing complexity of software architectures only
by adopting precise language definitions as a foundation, while simultaneously
addressing “productivity” and “correctness” as defined in Sec. 1. Our case study
shows by construction how to achieve better language definitions by applying
metamodeling techniques to a language used in building enterprise-class systems.

It is difficult to conceive algorithms to process EJB3QL in the current state
of affairs, where several important notions of the language are not specified
declaratively. For example, the type of the resultset of a SELECT statement can
be determined statically (JSR-220 explains informally how). An OCL function
encapsulating that algorithm can be used in deciding whether a dynamically
built query will be rejected by the ORM engine. Such checks can offload the
ORM engine, by applying them before queries are shipped for processing, or by
performing them at compile time.

Language-processing algorithms can rely on tree walkers and visitor skele-
tons generated from language metamodels. For EJB3QL, an obvious example
is a visitor for translating to SQL’92. More sophisticated visitors can also be
implemented once the infrastructure reported in this paper is in place: predict-
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ing execution time, or displaying the access paths of a query (to visualize the
depends-on relationships between materialized views). A metamodel for the syn-
tax of SQL 99/2003 (without well-formedness as of now) is available for EMF
[15], thus allowing AST-to-AST translation from EJB3QL to SQL.

As we have seen, different levels of formality are sufficient for different pur-
poses. We plan to leverage the OCL formulation of WFRs by translating them
into a logical formalism for which a model checker (TLAY [16], TCAL [17]) or
theorem prover (HOL [18]) is available.

+CAL [17] is an imperative language meant to replace pseudo-code for writ-
ing high-level descriptions of algorithms, for which a translator to TLA™T [16] is
available. Once the data structures and typing conditions specified in a language
metamodel are expressed in +CAL, assertions made for the algorithms can be
model-checked. As mentioned in the TCAL and TLAT literature, the expres-
sive power of their underlying formalism precludes decidability (i.e. not all valid
theorems can be proved by a tool), but experience has shown that the tools can
cope with most specifications that engineers write. Another high-level frontend
to a model checker is JML [20], for algorithms expressed in Java.

As for HOL (Higher-Order Logic), formalizations of a Hoare-logic for simple
imperative languages are available [18, 19]. Once a language-processing algorithm
has been formulated in a procedural language amenable for Hoare-analysis, those
verification conditions that cannot be automatically derived by the tool have to
be specified manually. Proof tactics are then to be applied (automatically or
assisted by the user) to discharge the verification conditions and therefore the
pre- and postconditions for the algorithm as a whole.

An area we plan to explore is the suitability of an UML+OCL metamodel
as a “formalism-independent” way to jumpstart a formal language specification.
Once translated into the formalism of choice, we expect to give additional detail
(e.g. behavioral semantics, security, quality-of-service) to be used in the formal
verification of properties of interest.
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