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ABSTRACT

This paper presents a tool for managing, reusing and
analysing C software code based on database techniques.
The abstract information of entire software code is stored
in a program database that is the conceptual scheme of the
entire software, whereas the reuse component is a sub-
scheme. Relational algebra can be conveniently used to
manage, analyse and reuse C code. In the tool. we can
manage, analyse and reuse any components in the pro-
gram database and rapidly extract source code of any com-
ponents or construct the program code of a new system.

The rule system is introduced in reusing source code.

Key words: software reengineering; software reuse; pro-

gram database

INTRODUCTION

The software reengineering is proposed in
order to solve software crisist*??, which is to
make use of the information of program code to
implement software maintenance, reverse en-
gineering, program comprehension and software

0~5] As we known, if a new software is

reuse
developed based on an existing software, the cost
of software development is reduced, software
quality is improved and the period of software de-

velopment is shortened. The software reuse is

» Received 19 Mar. 1999; revision received 27 Apr. 1999

widely considered as a way to increase the pro-
ductivity and improve the quality and reliability
of new software systems. The paper mainly pre-
sents how to manage and reuse the program code
of software systems.

It is crucial to efficiently store and manage
the source code in order to make use of the pro-
gram code. We design and implementg a tool, C
software reuse tool (CSRT), for managing,
analysing and reusing C program code. In
CSRT, the abstract information about program
code, including any components (e. g. file or
function ) and reference relationships between
them, is stored in a program database, which is
the conceptual scheme of entire software system.
Users can extract the subscheme of any compo-
nents [rom the conceptual scheme and then gen-
erate the program code of the component. New
components can also be added in the program
database and then the program code of a new sys-

tem is generated.

1 COMPONENTS AND PRO-
GRAM DATABASES OF C
CODE

1.1 Component analysis

There are five global objects in C program:
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file, function, global variable, macro and

typel®,

the call relationships between functions. The

The directed graph can be used to show

vertices represent functions; the directed edges
represent reference relationships betwecen func-
tions; the dotted lines represent the binding rela-
tionships of the global variables, macros and
types between functions; the dotted lines with a
small triangle represent global variables,
macros, types, and H files referenced by the
function. Fig. 1 shows a reference relationship,

in which the function f;and f, refer to the global

variables z and y, whereas the global variable =

is only referenced by the function f,.

A

Fig.1 A reference relationship

Let f(H,F,V,M,T) represent the objects
referenced by the function f. F is a set of {unc-
tions which are called directly and indirectly by
the function f;V,M,T and H are a set of global
variables, a set of macros, a set of user defined-
types, and a set of H files, which are referred by
all functions in F respectively. Thus, for the
function f,, a complete component that can be

compiled and executed should be

fl(®${flsfzsfasf4}9<~r73’,:}9¢y¢)

1.2 Program databases

It is key to clearly know the definition and
reference information about five global objects if
we would like to understand or reuse C pro-
grams. Therefore, the program database must
include the definition and the reference informa-
tion about files, functions, global variables,

macros, and types. Meanwhile, it should entire-

ly reflect the definition and the reference infor-
mation about various sofltware versions because a
reusing component is sometimes extracted {rom
different software versions. EXTERN and GO-
TO statements should be considered.

Based on Ref. [8], the program database
consists of 21 relations. 6 relations are used to
represent the definition information of 5 global
objects in C programs. For instance, funobj
(ver, funname, [ilename, f{untype, function,
static, bline, eline, environment, author, date)
stores version number, function name, f[ile name
in which the function is, function type, what the
function can do, begin line, end line, run envi-
ronment, author and date respectively. If the at-
tribute static is zero, the function is nonstatic;
otherwise, it is static, which means that its
scope is limited in the file filename. 12 relations
represent the reference relationships between
global objects. For example, funfun (ver, fun-
name 1, funname 2, lineno, {lag) represents that
the function funname 1 refers to the function fun-
name 2 at line lineno in the version ver. If the at-
tribute flag is zero, it is a call; otherwise, it is
an cxtern declaration. The relation labobj is used
to store the deflinition and reference information
about [LABEL and GOTQO statements. We also
use 2 relations, version and lib, to store the in-
formation about software versions and function

libraries.

2 SYSTEM DESIGN

Our aim is to design and implement a tool
for managing and reusing C source code as C
function libraries. In order to use the code of ex-
isting software efficiently, the abstract informa-
tion of entire software code is stored into the pro-
gram database that forms a friendly interface be-
tween users and program code. Based on the in-
formation in the program database, query lan-

guage and some tools can be used to know the
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definition and reference information of any C pro-
gram object, such as file, function and variable
in the software system. Meanwhile, the sub-
scheme of the definition and reference informa-
tion about any components can be easily created,
on which the code of the component can be gen-
erated. Users can also directly call functions in

the program database from new software to gen-

New software code

crate the entire code of the new software rapidly.
Besides, based on the program database, the
program analyser can do some analysis tasks,
such as function call view, reference view be-
tween two objects, dead code analysis, binding
analysis between objects. Fig. 2 shows the archi-

tecture and functions of CSRT.

Subscheme of reuse component
or subscheme of new software

Source Creating
programs database module

[

Program
database

IR
Opitimizing Rule
subscheme subsystem
’_. ....................

Program generator

Program analyser

Program opitimizer

Fig. 2 The a rchitecture of CSRT system

The rectangle with dotted line is partly im-
plemented now. For convenience, CSRT pro-
vides also the following commands:

(Create Program DB) .. = CREATE
DATABASE FROM ([filelist | path]
= EXTRACT
PROGRAM objects TO [FILE file. name |
PRINT]

( Extract Component )

|[EXTRACT objects
(objects) :: = FILE file_ name | FUNC-
TION function_name
| VARIABLE var_ name |
MACRO macro_name
| TYPE type_name
The EXTRACT command without PRO-
GRAM only creates the relational subscheme of

a reuse component.

3 PROGRAM REUSE

The program database, which is used as an

interface between the CSRT and program code
and between users and program code, stores the
definition and reference information of all user-
defined global objects. In view of database, the
program database is really the conceptual scheme
of entire software and a recuse component is a
subscheme, in which all definition and reference
information of user-defined global objects about
the reuse component are stored. The program
generator will extract the corresponding pro-
gram code in terms of the reuse component sub-
scheme. And then the program optimizer will

generate final code of the reuse component.
3.1 Generating the component subscheme

If we want to get the component f,, which
is a function, that can be compiled and execut-
ed, we must first get a connected sub-graph, in
which the vertex f, is its start vertex, [rom
function call graph. This work can be trans-
[erred to solve some tuples with hierarchy infor-

mation in the relation funfun. So, SELECT
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statement must be extended to have the ability
to deal with hierarchy information. We extend
the SELECT statement to have a PARENT
clause (similar to ORACLE’s CONNECT
clause).

The algorithm, which is used to solve the
subscheme of the component f;, is as follows:

(1) To solve all edges of the connected sub-
graph with /1 being a start vertex and store them
in a relation funcall. Note that all edges of the
connected sub-graph are actually some tuples in
the relation funfun.

(2) All global variables, which are refer-
enced by functions in the relation funcall, are
stored in a relation fv. The INSERT statement
with SELECT can do this work. Similarly, we
can get all macros and types that are referred by
the component f.

(3) Based on the global objects that are re-
ferred by the component f; in (2), SQIL. can be
used to get the definition information of global
objects that are needed by the f, on the defini-
tion relations of various objects respectively.

The definition and reference information of
all global objects referred by the component f,
consist of the subscheme of the component f).
Users can also use a command (refer to section

3) to get the subscheme of the component f.
3.2 Optimizing the subscheme

If the reuse component is a set of global ob-
jects, such as a file, its subscheme may include
dead code. For example, there are some global
variables and functions that are only defined but
not referred. In the case, we can use SQL to o-
pitimize the subscheme. In other words, some

useless tuples are deleted.
3.3 Generating program code of component

There are two approaches to reusing the
program code based on the program database:
(1) he program code of the component,

which can be compiled and executed, is extract-

ed directly {from the program database.

(2) Like function libraries, users can di-
rectly refer to some components, which are
stored in the program database, in new C func-
tions and then add new functions (components)
in the program database. Finally, the program
code of the component with function main () of
the new system is generated from the program
database.

Anyway, the program code must be gener-
ated [rom the subscheme (or scheme) of the
recuse component (or new system). However,
the program code of the component f, may have
more than several thousand lines. How to ex-
tract the program code to construct a useful C
file? This is concerned with many factors, such
as programming style, program function, over-
lay, etc. Our strategies are as follows:

(1) All global variables are stored in one H
{ile which is included by the C [ile with function
main (). Other C files refer to global variables
by extern statement.

(2) All global objects extracted from the
program database will be stored in original files
il possible. But when the number of lines in a C
file is less than a threshold value, the file will be
merged with the file of its brother functions in
function call graph.

(3) The program optimizer is called to
delete some non-reachable statements, such as
the statements after statements BREAK, GO-
TO, CONTINUE, and RETURN or functions
EXIT and ABORT.

4 RULE SUBSYSTEM

The rule subsystem is introduced in reusing
a component, which is mainly used to reuse the
subset of a component. Up to now, any compo-
nent must be reused as a whole but users often
only nced to reuse the subset of a component.

For example, the function A is reused but we
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expect to delete the statements that call the
function B in the function A. The program
database can be viewed as an interface between
the reuse code and original software code.
Therefore, the subset of a recuse component
should be represented in the subscheme of the
reuse component. In other words, users can use
database rules, based on the program database,
to implement the subscheme of the subset of the
reuse component.

Example 1 To define the rule that ex-
cludes a reference which calls function B from
function A. CREATE RULE »,

IS SELECT * FROM funcall

WHERE funname 1<<>A AND funname 2
=< >B

The rule », will be trigged when generating
the subscheme of the reuse component. Thus
the tuples calling function B from function A are
excluded in the subscheme of the reuse compo-
nent. In generating the code of the component,
the system generates the code of the subset of
the reuse component in terms of the subscheme

of the reuse component.

5 CONCLUSIONS

CSRT is developed on microcomputer in C.
It is really an integration of our some research
work, including DBMS and C software tools.
CSRT is being improved on the following as-
pects; (1) The rule subsystem will be improved.
(2)The subset reuse of the component based on
the rule subsystem will be studied. This paper
focuses on how to delete completely a statement

or a reference from the source program. (3)The

program optimizer is continuously improved. We
will consider how to transfer GOTO statement
to loop structure automatically or semi-automat-
ically and how to delete useless global objects
from the source program. (4)We will study and

deal with C** program.
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Abstract Whether NP (or Co-NP)ZP/poly is still an open problem. In the early 1980’s, it has
been proved that if NPCP/poly then PH=2X%,. Recently, it has been proved that if NPCP/poly
then PH=ZPP. In the paper here, it is proved by means of the extended first-order logic & (1)
and model theory on it that there are some languages in NP (or Co-NP) which do not have

polynomial circuits.
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ON THE RESEARCH OF VAKARELOV’S OPEN PROBLEM

ZHU Zhao-Hui”'? MAO Yu-Guang” ZHU Wu-Jia?'"

Y (Institute of Computer Science, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)

D (State Key Laboratory for Novel Software Technology, Nanjing University, Nanjing 210093)

Abstract By introducing the new modality [=] and the Boolean operators among modalities,
this paper establishes information logic system BILC, and suggests that BILC is a useful tool in
the researching into Vakarelov’s open problem. The completeness and soundness of BILC with
respect to the nonstandard frames are proved. Furthermore, the main result of the paper reveal

that the method presented by Vakarelov is ill-suited for dealing with the completeness of BILC

with respect to the standard frames.
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