






















































• ada-object (X) : signifies that X is an Ada object and X can be of type package, 
task, function, or procedure. 

• integer(N) : signifies that K is an integer . 

Given the entities above and the Ada object table, we specif)r the following direct 
relations for the Ada software system 

(Rl ) is-parameter-of :- { S, V, N}  
The relation is-parameter-of( obj, var, i) , obj E S. var E V, i E N exist if and only 
if the variable var is declared in the module obj as a formal parameter at position 
'l . 

(R2) calls :- {X, S }  
The relation calls {obj 1 , obj2) , obj 1 E X ,  obj2 E S exist if and only if obj 1 directly 
calls the sub-program obj2 . 

(R3) type-return-value :- { S ,  T }  
The relation type-return-value(  obj, t), obj E S ,  t E T exist i f  and only if the function 
obj return t as value after its invocation . 

(R4) obj-is-declared-in :- {X, X} 
The relation obj-is-declared-in(obj1, obj2 ), obj 1 obj2 E X exist if and only if the 
module obj2 is declared inside obj 1 . 

(R5 )  var-is-declared-in :- {X, V;} ,  v; E (V, C)  
The relation var-is-declared-in( obj, var) , obj E X ,  var E v; exist if and only if the 
variable var is declared inside module obj . 

(R6)  record-contains-var :- { C, l"; } ,  l"; E (V, C) 
The relation record-contains-var(var1 , var2 ), var1 E C var2 E ,1; exist if and only 
if var2 is definedinside var1 and that var1 is of the type record. 

(R7) obj-rename : - { X, X} 
The relation obj-rename(obj 1 , obj.2), obj 1 obj2 E X  exist i f  and only if  obj 1 i s  re1iamed 
as obj2 by using the renaming mechanism in Ada. 

(R8 )  var-rename :- {Vt,  V; },  V; E (V, C) 
The var-rename(var1 , var2) , var1 , var2 E V; exist if and only if var 1 is renamed 
var2 by using the renaming mechanism in Ada. 

(R9 )  import :- {X, X}  
The relation import(obj1, obj2)

,, 
obj 1 obj2 E X exist if and only if the module obj 1 

import obj2 by using the Ada clause use. 

( RIO )  is-specified-by :- {X, X} 
The relation is-specified-by(obj1 , obj2 ) ,  obj 1 obj2 E X exist if and only if module 
obj 1 is the declaration pa.rt of obj 2 . Then obj2 is the body pa.rt . 

( R 1 1 )  instantiates :- { X, X}  
The relation instantiates(obj1 , obj2), obj 1 obj2 E X  exist i f  and only if obj2 is defined 
as a generic unit of obj 1 by using the Ada clause new. 
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(R12) mapping :- {X, S ,  V, N}  The relation mapping(obj1 ,  obj2 ,  var, i) , obj1 E X , obj2 E S , var E V , and i E N , exist if and only if obj1 calls obj2 and var is a para.meter of obj1 at position i i.e. 
calls(obj1, obfi) ,  and 
is-parameter-of(obj1, var, i) . 

4.2 .3 The TRANSFORMATION ENGINE This engine transforms the direct relations into PROLOG facts and rules. vVe give below the definitions of the usage of some terms in the context of PRO LOG. • facts base : we call facts base the set of facts relative to the problem that a user wants to formalize in PROLOG .  Formally, in first order logic, facts a.re positive Horn 
clauses. • rules base : we ca.ll rules base the set of rules relative to the problem a user will want to formalize in PROLOG. Rules in this context a.re strict Hom clauses. • query or question : A query ( or question) in PRO LOG is a. negative Hom clause or goal clause. • PROLOG inference engine : the PROLOG inference engine is the part of the system which performs the logic inference on the facts and the questions asked by the useL It. is a. backward chaining non monotone engine (5, 21 ] . The transformations of the direct relations into facts and rules is done as follows : 1 .  The entities defined for Ada software system are transformed to PROLOG facts . 2. The relations R� , R2, R3 , R4, R5, R6 , R7, R8 , R9 , RlO ,  R1 1 ,  a.re are transformed to PROLOG fact:s . 3. The relation R12 is transformed to PROLOG rule. Table O .O(page 1 7) shows a part of a set of facts generated from a reduced Ada program example in table 1.0 on page 18. 

4�3 The ABSTRACTION MACHINE The abstraction sub-system is not a finished product. It is designed in such a way as to allow the users to formulate relations by adding rules to the system and by relating the existing ones in such a way as to prove some assertions or to creates personal queries. At present, it is implemented to give real time answers to some pre-defined queries . 
The abstraction machine consists of three parts : the user interface, query manager, and the inference engine ( cf. figure 7). 
The query manager is implemented in PROLOG. The inference engine is essentially the PROLOG inference engine and it is completed by a function that allows the interrogation of the engine from the interface and the activation of the engine based on the type of query ( cf. sections 4 .3. 1 ,  ·4.3 .2, 4 .3 .3  ). 
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�xemple 1 

array (proj ect_records ) . 
array (status_data) . 
imports(proj ect , inquiry_operations ) .  

instantiates (base_ io ,  sequent ial_io) . 
instantiates (command_io , text _ io ) . 

is_parameter_of (sort , 4 ,  size) . 
is_parameter_of (sort , 5 ,  criteria) . 
obj ect_ declared_in(absolute_ io ,  collect_stat istics) . 

package_body(data_base) . 
package_body(status_io) . 
record_contains_var(unit_record , unit_name) .  

renaming(name_type) .  

renaming(programmer_type) . 
uses (collect_statistics , function_or_library_call_statement , 255) . 

variable (absolute) .  
variable(command) . 

Tab le 0.0 

4.3. 1 The query manager 

The query manager as its name indicates manages the queries by defining a sort of agenda 
for each query. In this system, a query is normally based on a meta-rule and a meta-rule 
is a set of rules. Formally, we define a query as follows : 

< query> -+ < meta-rule> ; 
< meta-rule> -+ < [rules]+ >;  
<rules> -+ < rule, [rule] * >;  
<rule> -+ < PROLOG rule> . 

In this prototype, we have implemented three types of queries 
vVHAT-IF-OBJECT, and LIST-ALL . 

4.3.2 The query WHAT-IS-OBJECT 

vVHAT-IS-OBJECT, 

Every object in a system must be identified. The visibility of each object in a software 
system is very important for the purpose of impact analysis of objects change in the 
system. Therefore, this query allows such identification and gives an insight ln to the 
visibility of the object . 

The syntax of vVHAT-IS-OBJECT is as follows : 
WHAT-IS-OBJECT ( object-name) where 
object-name refers to the object. 

This query interacts directly with the data base . \Ve give on page 20(table 2 .0) an exam­
ple of the invocation of this query. This example is based on the Ada program example 
in table 1 .0(page 18 ) .  
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In this example we can see that the object sort a procedure-body in the Ada program is defined in two places ( lines 63 - 88 and lines 204 - 223) in the program. 
package proj ect is 

package unit_ information is 
type name_type 
type programmer_type 
type reference_access 
type reference 

type unit_record 

end unit_informat ion ; 
package data_base is  

use unit_ information ; 

end data_base ; 
end proj ect ; 
with sequent ial_io ; 
package body proj ect is 

package body data_base is  

is new string ( t  . .  20 ) ; 
is new string ( 1  . .  20) ; 
is access reference ;  
i s  record 

document string ( t  . .  80) ; 
page posit ive ; 
next reference_access ; 

end record ; 
is record 

programmer : programmer_type ; 
status : status_type ; 
unit_name : name_type ; 
version : version_type ; 

end record ; 

package base_ io is nev sequential_ io(unit_record) ; 
use base_io ; 
data_file : base_ io . file_type;  

begin 

end proj ect ; 
with proj ect ; 
use proj ect ; 
package inquiry_operations is 

type command is  ( collect_statist ics , list_dat a ,  quit , select_unit) ; 
function request \return command ; 
procedure collect_stat istics ; 
procedure l ist_dat a ;  

end inquiry_operations ; 

separate(list_data) 
procedure sort ( records in data_base . proj ect_records ; 

with text_io ; 
use text_io ; 
package body inquiry_operations is 

procedure print (data_record : in unit_information . unit_record) is  

end cas e ;  
end loop ; 

end inquiry_about_proj ect_data ; 

Table 1 .0 

4.3.3 The query WHAT-IF-OBJECT This is the most important query in the system. It. is the impact analysis query. This query uses the vVHAT-IS-OBJECT query for the purpose of object visibility. The global syntax of the query is as follows 
WHAT-IF-OBJECT ( object-name, change-type) where 
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object-name is the name of the object. change-type depends on the type of change to be applied on the object. 
The following types of change a.re defined: 
• PArameter change Type (PAT), • Type Definition change Type (TDT), and • Assignment Statements change Type (AST) . In addition to the relations (Rl - R12) defined above for the Ada software system, we have also specified the following relations to take ca.re of the visibility of objects beyond the limit of direct relationships. 

(R13) object-global-declaration :- { X, X} ; this relation is defined as a transitive clo­sure of the relation obj-is-declared-in, (R4). 
The relation object-global-declaration{obj1 , obj.2}, obj1, obj2 E X exist if and only if obj1 declare directly obj2 or obh is declared in a module obji such that object-global­declaration(obj1 , obji) exist. 

(R14)  var-parameter-of :- {X, Vi } ,  V� E (V, C ) ;  this relation is the composition of the relations is-parameter-of (Rl ) and var-is-declared-in ( R5) . 
. The relation var-parameter-of( obj, var), obj E X ,  var E Vi exist if : 

• var-is-declared-in( obj, var) exist, or • 3i E N ,  such that is-parameter-of{ obj, var, i) exist. 
(R15) An object x declared in obj1 is visible in obh if and only if 

• (obJ2 = obj1 ) or • var-parameter-of(obj, x), such that Vobji (a) object-global-declaration{obj1 , obji ) and (b) object-global-declaration(obji , obj2) exist. 
These relations (R13, R14, and R15) are also transformed to PROLOG rules. 

vVe give an example of the application of the query WHAT-IF-OBJECT in table 3 .0 on page 21 . This example is also based on the Ada program in table l .O(page 18) .  
This example shows the importance of relations R13, R14, and R15. vVe can see that the object project_records is visible in data_base and sort while data_base is visible in project and sorl: is visible in list_data, etc. 
4.3.4 The query LIST-OBJECT The query LIST-OBJECT gives a list of objects. This query interacts directly with the data base. The syntax is : LIST-OBJECT. An example is given in table 4.0(pa.ge 22) . 
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Example 2 
Query :- WHAT-lS -OBJ ECT(sort) 
Rep ly to t he query : 

OBJECT VISIBILITY ( Ada obj ects )  

Obj ect name 
Obj ect type 
Obj ect kind 
Line No . 

sort 
procedure_body 
procedure_body 
63 

Starting point of (sort ) in the program is line-no : - 63 
Ending point of (sort ) in the program is line-no : - 88 

(sort ) def ine the folloving formal parameter(s)  
Formal parameter position in the list 

( 1 ) proj ect_records 
(2 ) records 
( 3 ) record_ index 
(4 ) size 
(5 ) criteria 
( 6  ) list 

Obj ect name 
Obj ect type 
Obj ect kind 
Line No . 

sort 
procedure_body 
separate 
204 

1 

2 

3 

4 

5 

6 

Start ing point of (sort )  in the program is line-no : - 204 

Ending point of (sort ) in the program is line-no : - 223 

(sort ) def ine the folloving formal parameter(s)  : 
Formal parameter position in the list 

( 1 ) proj ect_records 
(2 ) records 
(3 ) record_index 
(4 ) size 
(5 ) criteria 
(6 ) list 

4.4 The user interface 

2 

3 

4 

5 

6 

Table 2.0 

mode type 

I N  
I N  
IN  
I N  
I N  
OUT 

mode type 

IN 
IN 
IN 
I N  

I N  
OUT 

The user interface is implemented by using XF. XF is an integrated programming envi­ronment that supports the development of graphical user interfaces. XF takes advantage of Tk , a J\ll otif1 'A1 -like widget set that is accessible through Tel, an efficient interpreted programming language. 
5 Conclusion and further work 
Maintenance of a software requires a tool for the impact analysis and propagation of a change. This paper has presented an approach for the design and implementation of such a tool. The framework model captures five life cycle phases of software. Even though the framework model prototype is based on programming views, the global architecture itself ( cf. figure 6)  is general and therefore could be used for other type of views. The prototype also allows the participation of the users by building their own relations. The queries are sufficiently simple enough to use through the user interface. 
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Example '.3 
Query :- \VHAT-lF-OHJ ECT(project..records, TUT) 
lleply to the query : 

OBJECT VISIBILITY ( Ada obj ects) 
=============================== 
Obj ect name 
Obj ect type 
Obj ect kind 
Line No . 

Obj ect name 
Obj ect type 
Obj ect kind 
Line No . 

Obj ect name 
Obj ect type 
Obj ect kind 
Line No . 

: proj ect_records 
ATD 

: array type def inition 
27 

proj ect_records 
data_base 
sub-program_forrnal_parameter 
63 

proj ect_records 
data_base 
sub-program_forrnal_parameter 
204 

(proj ect_records) == is defined as a parameter of ==> sort 
== position of parameter in the list is ==> 1 
== parameter mode type = => I N  

**** NOTA **** 

To have a global visibility , you can invoke the query (what_if_Global) 
on the obj ect : ( sort ) 

IMPACTS and PROPAGATION ( Ada obj ects)  

== MODULE OR VARI ABLE : proj ect_records == is defined / visible in : data_base 
== MODULE OR VARIABLE : proj ect_records == is defined / vis ible in : sort 
== MODULE OR VARIABLE : data_base == is defined / visible in : proj ect 
== MODULE OR VARIABLE : sort == is def ined / visible in : list_data 
== MODULE OR VARIABLE : list_data == is defined / visible in : inquiry_operations 
== MODULE OR VARIABLE : inquiry_operations == is defined / vis ible in : proj ect 

Table :3.0 

This experimentation has shown tha.t a. logic ba.sed programming language can be a :"time saving" prototyping la.ngua.ge[4] . Although, we do not recommend PROLOG as a stand a.lone la.ngua.ge for practicing maintenance engineers, but a. PROLOG like language combined with other programming languages can be a. good start for a.n experiment of this kind. Finally, we a.re a.ware of the problem of performance with the rule-based systems most especially if such systems a.re implemented in PRO LOG ( like in our case). But with the recent scientific development and research for the integra.tio11 of relational data. base and logic base system and the a.va.ila.bility of int.er-process communi_ca.tion ,vith graphical user interface environment, we believe that the performance can be improved. 
As pa.rt of further work to be done, we intend to incorporate requirements, design, and specification views into the prototype. \Ve intend to use Data. Control Flow Dia.grams (DCFD) for requirements, Hierarchical Object Oriented Design (HOOD )  for the design, and Vienna. Development Method (VDM) for the specification. 
In addition to this, the framework can be applied to Reverse Engineering Process. vVork is a.t an a.dva.nce sta.ge on this. In fa.ct, a. pa.per was presented recently on this a.spect[7] . 
In conclusion, we believe that our framework is practical . This wa.s proved beyond reason­able doubt by the prototype. The framework is also generic and it can be applied based 
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on the problem to be solved and the development environment . \Ve also believe that our approach will benefit those people engaged in soft,va.re development and sofhva.re process design . 
Bxemple 4 
Query :- LlST-OHJ ECT 

Reply to the query :-

proj ect 
unit_ information 
name_type 
progr�er_type 
reference_access 
reference 
document 
page 
next 
version_type 
unit_record 
programmer 
status 
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