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An Effective Environment for Software Development
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1. Introduction

This paper proposes new methodologies for
the description of system requirements and the
synthesis of formal specifications from user re-
quirements. The formal specifications can be
taken as models of the system requirements. More
generally, the main objective is to be able to de-
rive an implementable or operational system de-
scription from a given high-level description on
system functions. The proposed methodology can
be fully automated, hence may/can improve both
productivity and quality of system development.
We have implemented a support system based on
our approach and applied several practical system
designs such as a telephone service, a communica-
tion protocol, a CATYV system, etc.

2. Requirements & Specifications

Let P be a set of atomic propositions. Each
atomic proposition describes a specific property
of the intended system under the target of design.
A system can be essentially specified by its fun-
damental functions and their related constraints
for execution. To be more precise, a system func-
tion may be invoked by a specific input provided
that its pre-condition to be satisfied before exe-
cution can hold in the current state. Then, the
function is executed, possibly producing some ap-
propriate output. After the execution the current
state is changed into the new one. In the new
state, another functions (including the same func-
tion as well) can be applicable. Taking account
of this intuition of system specifications, a func-
tion requirement is formally defined in the next
definition.

Definition A function requirement is a tuple p =
<zd'l a, f'in7 0, fout), where

(1) id is a name of the function;
(2) a is an input symbol of the function;
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(3) fin is a pre-condition of the function to
be satisfied before execution, which is rep-
resented as a consistent proposition using
atomic propositions in P;

(4) o is an output symbol of the function;

(5) fout is a post-condition of the function to
be satisfied after execution, which is repre-
sented as a consistent conjunction of literals
by atomic propositions in P. aQ

For simplicity, in what follows we omit the
names and the output symbols from the descrip-
tion of function requirements because they do not
play the central roles on the theoretical treat-
ment in this paper. A function requirement p =
(@, fin, fout) is often abbreviated as p : fi, 2 fout.

Definition A system requirement is a pair R =
(R,70), where R is a set of function requirements
and 1y is an initial condition represented as a con-
sistent conjunction of literals in P. ]

In this paper, state transition systems are
considered as formal specifications. A state tran-
sition system is a quadruple M = (Q, X, —, qo),
where @) is a set of states, ¥ is a set of input
symbols, — is a transition relation defined as
—C QX% X XxQ, and qq is an initial state.

3. Soundness and Completeness
A state transition t = (p = q) satisfies (is cor-

rect w.r.t.) a function requirement p: fi 2 Sout,
denoted as ¢t |= p, if the following conditions
hold:

(1) p = fin, a = b, and q = four.

(2) The partial interpretations I(p) and I(q) are
identical if atomic propositions independent
of fout are only concerned. 0

The condition (1) means the precondition and
the postcondition must hold in the current state
and the next state, respectively. The condition
(2) states that for an atomic proposition A inde-
pendent of four, p = A <= ¢ = A. This means
that the truth value of independent atomic propo-
sitions w.r.t. the postcondition remain unchanged
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through the transition.

A state transition system M = (Q, X, —, qo)
is sound with respect to a requirement description
R = (R,7) if the following conditions are satis-
fied:

(1) I(g0) = I(0);
(2) for any transition £ in M there exists a func-
tion requirement p € R such that t|=p. 0O

The transition systems M; and M; are sound
with respect to the requirement description Ry
and R, respectively. Let M = (Q,Z,—, q),,

= (@, %, ', qp) be state transition systems
in common input symbols. A homomorphism from
M into M’ is a mapping £ : @ — Q' such that

(1) &(g0) = g
(2) if p-> q in M, then £(p) = &(g) in M.

(3) p = f implies £(p) k= f for all states p in M
and propositions f.

If a homomorphism ¢ : M — M’ is a bijection
and the inverse function 6”1 is a homomorphism
from M' to M, then £ is called an isomorphism.
If there is an isomorphism from M to M’, then
M and M’ are isomorphic. Let M be a sound
state transition system with respect to R. M is
called complete with respect to R if, there is a
homomorphism £ : M’ — M for every sound state
transition system M’ with respect to R. A sound
and complete transition system with respect to R
is called a standard system (model) of R.

Theorem Let M, M’ be standard systems of R
then M and M’ are isomorphic [?].

Let M(R) denote a unique standard system
of R up to isomorphism.

4. Synthesis of Specification

Our target is to derive a sound and complete
state transition system M from a given require-
ment description R = (R,~;). Now, we state a
transformation 7 from R into M. Let define a
transition system 7 (R) = (I', £, —, go), where

(1) T is a consistent conjunction of literals in P

2) =={a|p: fin = fout € R}

(3) v = +" iff there exists a function requirement
p: fin = four € R such that

(a) I() = fin.

(b) I(+') k= fout.

(c¢) If an atomic proposition A is independent
of fout, then I(y) = A iff I(%') |= A.

4) 9% =10

The partial interpretation associated with a
state v in 7(R) is defined as I(7). In other words,

the states correspond possible partial interpreta-
tions for all atomic propositions in P. It is trivial
from the construction that 7(R) is irreducible.

Theorem The state transition system 7(R) de-
rived from a requirement description R = (R, 7o)
by 7 is a standard system of R.

5. Environment

An effective environment for software devel-
opment is given as follows:
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6. Conclusion

A formal methodology for the description of
system requirements and the synthesis of formal
specifications from user requirements have been
presented.
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