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An Approach to Decomposing

Assertions into Java Codes®

Tong Li  Hongji Yang Baowen Xu Liang Shi*

Abstract; In this paper, we propose an approach that transforms an asser-
tion composed of a precondition and a postcondition into Java codes using func-
tion decomposition. The function decomposition is based on the functions defined
by a precondition and a postcondition by means of matching the semantic sub-
routines in component base, matching the decomposition case in case base and
executing the decomposition rules in rule base. The process of decomposition
can be described by a decomposition tree. The decomposition process continues
until all of the leaves in decomposition tree match the subroutines in component
base. By synthesising the information in decomposition tree, a Java program is
generated. The approach emphasises users’ participation in the decomposition
so that they can supply the knowledge that is insufficient in knowledge base.

Keywords; Transformation Decomposition Case Base Component Base

Decomposition Rule Knowledge Base

@ This work was supported in part by the National Natural Science Foundation of China
(60463002, 60425206, 60373066, 60403016) , National Grand Fundamental Research 973 Program
of China (2002CB312000) , National Research Foundation for the Doctoral Program of Higher Educa-
tion of China (20020286004 ) , the Education Science Foundation of Yunnan Province (04Z290D) ,
and the Program of Information Technology of Yunnan Province (20041T06) .

« Y, TEAFREERREK, BH% (Z4%), U%#H 4+, BLE2 0, X T AN
RUIR. FEZ4,



?52 FEZ K - SR F A

1 Introduction

The debate about the use and relevance of formal methods in the develop-
ment of software has always attracted considerable attention and continues to do
so''". Recently, more progresses in formal development of software have been
made, which contribute in the endeavour to implement transformation and verifi-
cation from software specification to design and from design to coding '''. Gen-
erally, the approaches of software specification and transformation include pre-
condition and postcondition based on axiom semantics, algebraic approach,
model — based approach, HOS approach etc. The representative works in this
domain are: VDM based on model, Z based on set theory and first — orderlog-
ic, LARCH based on algebra, and CIP system that transforms the formal speci-
fication into a lower abstract codes'"”’

Recently, many progresses have been made. Cavalcanti and Naumann de-
fine a predicate — transformer semantics for an object — oriented language that
includes specification constructs from refinement calculi. Using the semantics,
the notions of refinement are formulated™’ . Kentaro and Shiratori propose a de-
composition method for a formal specification that divides the specification into
two subspecifications composed by a parallel operator *'. Frey, Radhakrishnan,
Carter, Wilsey, and Alexander present a formal framework developed using the
Prototype Verification System to model and verify distributed simulation kernels
based on the Time Warp paradigm. The intent is to provide a common formal
base from which domain specific simulator can be modeled, verified, and devel-
oped "', Haxthausen and Peleska present a specification and verification of the
main algorithm used for safe distributed control. The approach is based on the
RAISE method, starting with highly abstract algebraic specifications which are
transformed into directly implementable distributed control processes by apply-

ing a series of refinement and verification steps'®’. Quan, C. Jin and S. Xuan
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present an approach to realise program automation using decomposition 7
Ward uses formal transformation to analyse program '*'. Roman and Hu consider
that plastic transformations ( a specification of standard program derivation tech-
niques) are a viable mechanism by which distributed computing know — how can
impact the practical development of dependability — minded distributed applica-
tions. They provide a possible characterisation of the notion of a plastic transfor-
mation and discuss ways in which well — established, correct distributed algo-
rithms can be transformed into specific applications °'. Amalia is a generator
framework for constructing analyser for operationally defined formal nota-
tions. Dillon and Stirewalt describe how inference graphs enable Amalia to gen-
erate analysers for operational specification. They require Amalia — generated
designs to be transparent with respect to the formal semantic models upon which
they are based '"°'. We propose an approach to transform parallel specification
into Java program framework. The Java program framework includes some asser-
tions composed of a precondition and a postcondition that express a function "',
In summary, these methods do not present technologies that decompose as-
sertions composed of a precondition and a postcondition into procedural
codes. In this paper, on the basis of our work in [ 11 ], we propose an approach
that transforms an assertion into a Java program using function decomposition. In
our prototype system, the experiment indicates that the decomposition effect is

much ideal.

2 Structure of function decomposition

The kernel of function definition is precondition and postcondition. The
precondition and the postcondition respectively describe the status before and af-
ter a task executes. So the precondition and the postcondition describe the oper-

ations to transfer the input into output.

Definition 1. Function F'is a tuple F = <S, D, R, PR(X), PO(X,Y) >. S

3



?52 FEZ K - SR F A

is the syntax of function F whose form is Y = F(X). F is the function name, and
X is the input vector, and Y is the output vector. X = (x,, x,, =, %,), Y=

m

Yy ¥2s =y ¥.).D=D;x--xD, , is the domain of input vector, x;eD,(1 <

i < m).R=Rx---xR,, is the range of output vector, y,eR; (1 <j < n). D, and
R; are legal data structure. PR(X) is called precondition, and PO(X, Y) is
called postcondition. All of them are first — order predicate logic expressions.
A(F) = <(PR(X), PO(X, Y) > is called assertion. The input vector X that
satisfies PR( X) is called legal input. For legal input X, the output vector Y that
satisfies PO( X, Y) is called legal output. The elements in X and Y are called
variables. F has not any side effect, namely after F finishes, it doesn’t change
any variable’s value except from the variables in Y.

The main part of function definition is an assertion A(F) = < PR(X),
PO(X, Y) >. We try to decompose and refine A( F') , so that the assertion can
finally evolve into a procedural program.

In 1966, Bohm and Jacopini proved that sequence, selection and repeti-
tion are essential control structures that can construct any other control structure
in a programming language'””’ | shown in figure 1. Therefore, as long as we re-

peatedly decompose A( F') into one of the essential control structures, we can fi-

nally realise the function of A(F').

A(F) A(F) A(F)

Y

B(X)‘—|B(X)

AB) | | A(F) A(F,) A(F)
Sequence Selection d Repetition
decomposition decomposition ecomposition

Fig. 1 Essential control structure of function decomposition
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Definition 2. To decompose assertion A( F') into two assertions that execute
sequentially, denoted A(F) | =A(F,):A(F,), is called sequence decompo-
sition, and A(F,): A(F,) is called sequence decomposition structure.

Definition 3. According to a Boolean condition B(X), to decompose as-
sertion A( F) into assertions A(F,) or A(F,), denoted A(F) | =A(F,) |
B(X) | A(F,), is called selection decomposition, and A(F,) | B(X) | A(F,)
is called selection decomposition structure.

Definition 4. To decompose assertion A( F') into an assertion A( F,) that
executes repeatedly while Boolean condition B( X) is true and exit while B( X)
is false, denoted A(F) | =B(X) «=A(F,), is called repetition decomposi-
tion, and B(X) = A(F,) is called repetition decomposition structure.

Definition 5. Sequence decomposition, selection decomposition and repeti-
tion decomposition are called structure decomposition, denoted A (F) | =
STR(F). STR(F) is called decomposition structure.

Definition 6. Let assertion A(F) = <PR(X), PO(X, Y) > be decom-
posed into STR ( F'). The decomposition is called to be correct iff VX €D, if
PR(X) is true, after STR ( F) executes, PO (X, STR(F) (X)) is true.
STR(F) (X) denotes the output of STR( F) when X is the input.

3 Interactive decomposition rules

Definition 7. Decomposition rule is a tuple RULE = < STR (F),
STRACRULE) >. STR (F) is a decomposition structure. STRA ( RULE ) is
called the decomposition strategy, which is the algorithm strategy to decompose
A(F) into STR(F).

Decomposition rules describe how to decompose A( F) and play an impor-
tant role in the knowledge base supporting formal design. The more the rules
are, the more smoothly the decomposition is realised. Because it is difficult to

decompose STR( F) automatically, the rules and the strategies presented need
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interact with users. So the rules are called interactive decomposition rules and
the strategies are called interactive decomposition strategies.

3.1 Sequence decomposition

Sequence decomposition decomposes A( F') into two assertions A( F,) and
A(F,) that execute sequentially. Suppose A(F) = <PR(X), PO(X, Y) >,
the main task is to get a mid predicate MID( X, Y) and to let

A(F,) = <PR(X), MID(X, Y) >, and

A(F,) = <MID(X, Y), PO(X, Y) >;

Or if there not exist the same variables between MID ( X, Y)
and PO"( X", Y"),

let A(F,) = <MID(X, Y), PO"(X", Y') >, and

PO"(X", Y)AMID(X, Y)=PO(X, Y).

In A(F,) , the concatenation (x,, %5, ***, X,,, ¥, Y2, "=, ¥,) of vectors
X and Y is considered the input vector.

Interactive decomposition strategy 1 :

(1) Change name to let different variables have different name in PR( X) ,
PO(X, Y), and the same variables have the same name.

(2) Transform PO(X, Y) into the form of PO' (X', Y') APO"(X", Y").
There not exist the common variables between PO’ (X', Y') and PO"( X", Y").

(3)Let MID(X, Y)=PO'(X', Y'), A(F,) = <PR(X), PO'(X', Y') >,
A(F,) = <PO' (X', Y'), PO"(X", Y") >.

Theorem 1. The decomposition in interactive decomposition strategy 1 is
correct.

Proof.: Let

A(F) = <PR(X), PO'(X', Y)APO"(X", Y") >,

A(F,) = <PR(X), PO'(X",Y") >,

A(F,) = <PO'(X', Y"), PO"(X", Y') >.

Suppose VX €D, PR(X) is true. First, A(F,) executes. After A(F,),



