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Abstract

In this paper, we describe the reengineering of a deterio-
rated object-oriented industrial programwrittenin C++.
The main problem of the program was misplaced code,
most often functions that were members of the wrong
class. In order to deal with this problem, we designed and
implemented several restructuring tools and used themin
specific reengineering scenarios. We also discuss how
this set of tools could be enhanced in the future, and the
importance of restructuring for object-oriented software
maintenance.

1. Introduction

Architectural properties of object-oriented software
are influenced by a number of factors. One of the most
important is software specification. Complete and accu-
rate specification ensures that all user requirements will
be taken into account when a software system is devel-
oped. Unfortunately, experience indicates that a complete
specification cannot be obtained in advance, and that the
specification will change during the development as more
experience is gained. Cusumano and Selby in their case
study [1] found that at most 70% of specification was
accurately predicted and the rest changed during the de-
velopment. This indicates that the software architecture,
which is based on the origina requirements, is likely to
already experience significant changes during develop-
ment. Since changes usually result in a deterioration of
the architecture, there is a great likelihood that the archi-
tecture will already deteriorate in the early parts of the
software lifecycle.

Deterioration further continues through mistakes and
omissions, which may include an incorrect class encapsu-
lation, or a missed encapsulation of important domain
concepts. Finally, deterioration during maintenanceis a
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well-documented fact [18]. The combination of al these
factors means that the deterioration of an object-oriented
architecture is very likely, perhaps inevitable. When this
deterioration reaches a certain point, it makes the com-
prehension and further evolution of the program difficult
or impossible. In that situation, reengineering is unavoid-
able.

In this paper, we describe our approach to the reengi-
neering of an object-oriented program developed at Ford
Motor Company. In particular, we describe the design and
implementation of three automatic transformation tools. a
function expulsion tool, a function insertion tool and an
encapsulation tool. In addition, we specify several reengi-
neering scenarios that employ these tools.

Related research [6,9,10,12] deals with code restruc-
turing through behavior-preserving code transformations.
Our function encapsulation tool performs operations simi-
lar to the transformations proposed by Opdyke [6] and
Griswold [10]. Opdyke [6] focused on restructuring
classes related by composition and inheritance. Histrans-
formations include the creation of a abstract superclasses,
subclasses, aggregations, and components. Griswold in
[10] specified a set of transformations for block structured
languages.

The paper consists of five sections. Section 2 provides
a short description of the PET project and the structural
problems of its code. In section 3 we discus the imple-
mentation of the restructuring tools. Scenarios of work
with the tools are described in section 4. The conclusions
arein section 5.

2. Project PET

PET isa CAD tool developed at Ford Motor Company
[2] to support the design of the mechanical components of
a car, like transmission, engine, etc. It is implemented in
C++ and every mechanica component is modeled as a
C++ class. Components are hierarchically composed into
more complex components. For example, an engine is



composed of an engine block, pistons, shafts, etc. Each
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component is characterized by a set of parameters de-
pendent on the parameters of neighboring components.
The component dependency is described by a set of equa-
tions. Relationships among components and their parame-
ters constitute a complex dependency network. Whenever
a parameter value is changed, an inference algorithm
traverses the entire network and recal cul ates the val ues of
all dependent parameters. The value of each calculated
parameter is checked for consistency against pre-set con-
straints.

Pet consists of 120 000 lines of C++ code, structured
into approximately 80 classes and 50 global functions.
The code is divided into 200 files. It is interfaced with
other CAD software, including optimization software and
3-D modeling software.

The object-oriented architecture of PET was influ-
enced by large changes in the specification. PET was de-
veloped as a novel tool, and user requirements substan-
tially changed during initial use. We estimate that the
initial specification covered no more than 30% of the cur-
rent functionality. The design process did not fully antici-
pate these changes. In particular, several important con-
cepts were not encapsulated in separate classes. The de-
sign also suffered from the fact that the early version of
the C++ compiler did not support templates. Because of
the heavy use of the program, all changes to PET were
performed as quickly as possible in order to make the new
functionality immediately available. This situation pre-
vented any conceptual changesto the architecture, and the
architecture progressively deteriorated. New programmers
had difficulty understanding this rapidly expanding sys-
tem, and new parts of the program were often structurally

class A { int foo(A& a){
public: a.i=4,;
int i;
protected:
char c; }
b
Figure 2.
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incoherent with the original architecture. With the grow-
ing size of the source code and a deteriorated architecture,
further evolution became difficult. We identified mis-
placed data and misplaced code as the major structural
problem of the PET architecture.

Code and data are misplaced if they are members of a
different class than the class they naturally belong to.
Misplaced code and data result in a program that is diffi-
cult to read, test and change. Examples in PET are list
operations for a search in the list and the intersection of
two lists, neither of which is a member of the classLi st .
Both are members of other classes and have the class
Li st as arguments. In this case, every class that uses
Li st has to provide its own implementation of search
and intersection.

Another example is PET’s user interface implemented
in Motif. Many PET classes mix the user interface and
application functionality. For example, there are two
classes that represent mechanical components in PET:
Component and XConponent , see figure 1. The class
Conmponent defines the basic data structures of the me-
chanical components. This class is the base class of the
XConponent class, which contains additional data and
function members. The members of XConmponent mix
both the user interface code and the application function-
ality code. Moreover the class XConponent is accessed
by Motif callback functions whose calls are generated by
asynchronous user actions.

3. Toolsfor reengineering

To support PET reengineering, we implemented three
high level editing tools for C++ code restructuring. The
tools are general and can be used in other projects as well.
Theinitial set contains:

Function insertion - moves afunction into a class.
Function encapsulation - encapsul ates a consecutive
fragment of code into a new function.

Function expulsion - moves afunction out of aclass.

These transformations were the ones most extensively
required during the restructuring. They cover only part of
the restructuring task, and the rest is being performed
manually using standard editors, see the next section. We
decided to implement these transformations with certain
limitations on their functionality. These limitations made
the implementation easier, and they do not adversdy af-
fect common use of the transformations. They are sum-

class A { int Ar:foo(){
public: t hi s->i =4;
int foo();
int i; .
protected: }
char c;
I
Figure 3.



mai n() { mai n() {
Ala; A la;
foo(la): la.foo();
} }

Figure4.

marized below.

Function insertion inserts a standalone function into
atarget class and makes the function a public member of
that class. Before the insertion, the target class must be
one of the arguments of the function. An example of the
starting situation is in figure 2, the result is in figure 3.
The following code changes are performed:

- The function header is inserted into the class specifi-
cation.
Function body update: Members of the target class
must be accessed directly in the function body, see

figure 3.

Function header update: The function header must be
qgualified by the class identifier. The parameter that is
now replaced by class membership must be removed.
Function call updates: All calls to the function must
be qualified with a class instance, see figure 4.

All forward declarations of the function have to be
removed, because they are replaced by the new func-
tion declaration in the target class specification.

The pseudo code of the function insertion is in the
Appendix. In order to simplify the implementation, we
accepted several limitations:

The inserted function cannot be a member of any
class.
The inserted function cannot be called through a
pointer.
The inserted function cannot be overloaded, cannot
have a variable number of parameters, and cannot be
a template function. We restricted the function name
overloading in order to prevent name conflicts when
a function is moved into the namespace of the target
class.

voi d foo(char c) {
int i,count,len;
char str[MAX];

cin>>str;
| en=strlen(str);

count =0;
for(i=0;i<=len;i++)
if(str[i]l==c) {
count ++;
str{i]="\n";

cout <<st r <<"

}

"<<count <<"\ n";

Figure5.

240

The function can only be inserted into a class of one

of its parameters. If the parameter is a pointer to a

class then this pointer cannot be interpreted as an ar-

ray, or involved in any pointer arithmetic expression
within the body of the function.

Function encapsulation encapsulates a sequence of
statements into a new function. The user selects ablock of
code for encapsulation and the tool will decide whether
the block is syntactically complete and can be changed
into a function body. If yes, a new function is created.
The selected block is then encapsulated as a function
body and replaced by afunction call. If the encompassing
function is a member of a class, the new function also
becomes a member of the same class. For example in fig-
ure 5, the framed text area represents code selected for
encapsulation. The result of the encapsulation is shownin
figure 6.

This transformation analyzes the selected block of
code, and all encountered variables are classified into one
of the following categories:

1. Loca variable

2. Globd variable

3. Parameter passed by value

4, Parameter passed by reference

Thetool generates alocal variablein the new function
if the original variable does not carry any information into
or out of the selected block. Such situation can occur even
when the original variable is declared outside the selected
code or when it is passed as a value parameter to the
original function. The candidate for local variable must be
written before being read inside of the selected code and
at the same time it must be written before it is read or not
accessed at all in the rest of the code of the original func-
tion.

If avariable is global in the original code, it remains
global in the encapsul ated function.

A variable will be passed as a value parameter to the
new function if its value is used within the code selected

voi d foo(char c) {
int i,count,|en;
char str[MAX];

cin>>str;

| en=strlen(str);

newf un(count, |l en, str,c);
cout <<str<<" "<<count<<"\n";

}

newf un(inté& count,int |en,
char* str,char c){
int i;

count =0;
for(i=0;i<=len;i++)
if(str[i]==c) {
count ++;
str[i]="\n";

}
Figure6.



for encapsulation but any modifications to this variable in
this block are not used elsewhere. For a variable to fall

into this category, it must be declared local or passed by
value in the original code and all accesses must be read-
only within the selected code. If the value of the variable
in question is changed within the specified block or if itis
passed by reference to the encompassing function, then it
must be overwritten in the rest of the code before any read
access is performed.

The rest of the variables that do not qualify as local
variables, global variables or value parameters may carry
information or side effects from the new function. Such
variables are passed asreference parameters.

In order to simplify the mplementation we allowed
some input only parameters to be classified as reference
parameters. This, however, does not affect the code exe-
cution. As a further simplification, template functions are
not supported.

Function expulsion removes a member function from
a class and makes it a standalone function. The class is
now passed to the function as a parameter. This transfor-
mation is complementary to the function insertion. The
following code changes must be performed in the code:

- The function header is removed from class specifica-
tion.
Access to private and protected members must be
performed through newly generated public access
functions.
Function header update: The class qualifier must be
removed from the function header and the additional
parameter must be added.
Function code update: Directly accessed members of
the class must now be accessed through the addi-
tional parameter.
Function call updates. The qualifying instance must
be changed to a parameter in al function calls.

A forward declaration of the expulsed function must

be included in the file that holds the source class
specification.

In order to simplify implementation, we accepted the
following limitations on function expulsion:

A pointer to the old function cannot be assigned to

any pointer variable throughout the code.

Functions with a variable number of parameters can-
not be expul sed.

Function members of classes that are part of inheri-
tance hierarchies cannot be expul sed.

Template and overloaded functions cannot be e-

pulsed. Preventing overloaded functions from being
expulsed ensures that no naming conflicts are intro-
duced into the program.

In the implementation of the transformations, we used
GEN++ [3] to analyze the source code and C++ to per-
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form actual changes to the code. GEN++ first runs the
source code through the C++ pre-compiler and then
parses the resulting code. The parsed code is stored in an
abstract semantic graph. GEN++ also provides a LISP-
like scripting language that can be used for writing que-
ries investigating the graph. Several difficulties were en-
countered during the implementation of the transforma-
tion tools.

Pre-compiler directives, particularly conditionally
compiled blocks, often occur in PET and in C++ code in
general. Figure 8 shows the resulting code configuration
when the variable TEST is defined in the example in fig-
ure 7. Since the GEN++ parser runs code first through the
C++ pre-compiler, code blocks that are excluded in the
pre-compiler phase will not be parsed and thus they will
not be transformed. As a solution to this problem, we ex-
amine the code first in order to discover all pre-compiler
variables used for conditional compilation. Based on this
pre-analysis, we run the GEN++ analyzer severa times to
cover al possible software configurations, and the results
of this multiple analysis are combined in a single output
file

The dependencies between C++ files may change by
the transformations. As an example, consider the expul-
sion tool. Whenever a function is expulsed, its prototype
is removed from the class definition. The C++ files that
include the definition of that class |ose the function proto-
type definition. This situation could cause compile time
errors. Asasolution, the expulsion tool adds an additional
forward declaration of the function into the file that con-
tains the class specification. In this way, the tools ensure
that the code will compile successfully.

Complexities of C++ that make the implementation of
the tools difficult include automatic constructor and de-
structor invocations, automatic generation of temporary
variables by the compiler, and pointer arithmetic. We deal
with these problems by setting certain limitations for
every transformation. These restrictions concern unusual
situations and are not likely to occur in practice.

Code
# fdef TEST
TEST
code bl ock Code
#el se
TEST
el se bl ock code bl ock
#endi f
Code Code
Figure 7. Figure8.



class A { class A {

public: public:
B* b; B* b;
int a data; int a_data;
void a_fun(); void a_fun();
void foo();}; void foo(B*);}

void A:a_fun() {
/lcall foo
t hi s->foo();

void A::foo(){
//access A

void A::a_fun() {
//call foo

t hi s->foo(b);

}

void A::foo(B* 1Db){
/'l access A

this->. .. this->...
//access B //access B
b->. .. [b->. ..
} }
class B { class B {
public: public:
A* a; A*  a;
int b_data;}; int b_data;};
Figure9. Figure 10.

In section 5 we aso discuss complexities inherent to
the object-oriented paradigm, independent of any particu-
lar programming language.

4. Reengineering scenarios

The application of our high level editing tools during
restructuring is described in this section. The tools ae
used in scenarios that involve the actions of both the tools
and their human user. Specifically, we present reengineer-
ing scenarios for moving misplaced data and functions
between classes that are related to each other by either
composition or use. As indicated earlier, this problem was
identified as the most serious problem in the structure of
PET.

Composition is arelation between composite class and
several other classes called components. A composite
class has several member variables of the component
type. Sometimes the component has an additional refer-
ence to the composite class, and in that case it can access
members of the composite.

Use relationship means that a class is using another
class as a formal argument in one of its functions. The
tools, described in section 3, are better suited for support-
ing scenarios for moving functions between classes re-
lated by the use relation. However, they can be also used
in scenarios for moving functions between classes related
by composition. In section 5 we propose a richer trans-
formation set to remove this asymmetry.

When a function is misplaced to a using class then it
has the used class as one of the formal parameters. The
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class A {

public:
B* b;

int a_data;

void a_fun();};

void A::a_fun(){
/lcall foo
b->foo(this);

void B::foo(A* d){
/| accsess A

d->. ..

//access B
this->. ..

}

class B {

public:
A* a,;
int b_data;
void foo(A*);};

Figure 11.

class A {

public:
B* b;

int a_data;

void a_fun();};

void A::a_fun(){
/1 call foo
b->f oo();

void B::foo(){
//access A
a->. ..
//access B
this->...

}

class B {
public:
A* a;
int b_data;
void foo();};

Figure 12.

following scenario moves the misplaced function into the

used class:

1. Expulsethefunction from the using class

2. Insert the function into the used class

These steps are accomplished by the expulsion and in-
sertion tools, described in section 3.

Functionsin PET are often misplaced to the composite
instead of the component. A simplified example of such a
situation is in figure 9, where function foo()is mis-
placed to the composite cl ass A and will be moved to
the component cl ass B, seefigures 10 through 12. All
changes performed during this scenario are printed in
bold. The following scenario does the restructuring:

1. Add anew parameter of the composite type B* | b
in figure 10) to the misplaced function.

2. In the misplaced function, access all component
members through the new parameter.

3. Expulsethe misplaced function from the composite.

4. Insert the misplaced function into the component. See
figure 11.

5. If the component has a member referencing the com
posite (like A* a incl ass B), use the reference
to access the composite's members, see figure 12. If
such member is not available, omit steps 5 and 6.

6. Remove the composite from the parameter list. See
figure 12.

Steps 1 and 6 are performed manually, steps 2 and 5
are performed using automatic text replacement and steps
3 and 4 are performed by the expulsion and insertion
tools. This scenario can be performed only when the mul-
tiplicity of the association between the component and the
compositeis1:1.



class A { class A {
public: public:
void a_fun(); void a_fun();
pr ot ect ed: pr ot ect ed:
B* b; B* b;
i

int a_data;

b
void A::a_fun()({

void A::a_fun(){
//access a_data

//access a_data ...b->a_data;
...this->a_data; }
}
class B{

class B{ public:
public: void b_fun();

void b_fun(); int a_data;
pr ot ect ed: pr ot ect ed:

int b_data; int b_data;
} }

Figure 13. Figure 14.

For the complementary operation (moving a function
from a component to the composite), an identical scenario
can be used. It is, of course, possible that the misplaced
function is used in one of the component’s other member
functions and that the component does not have access to
the composite class through a member reference. In such
cases, the member reference has to be added or all &-
fected member functions must receive an additional for-
ma parameter.

Data misplaced from components to composites are
moved to their proper place by the following scenario, see
an examplein figures 13 and 14.

1. Move the selected data into the component. See fig-
ure 14.

2. In the composite code, access the moved data
through the component reference. Seefigure 14.

3. In the component code, the original data were a&-
cessed through a member reference to the composite
class or through a parameter passed to a component
member function. h both cases, the access to the
moved data must be changed, and the data will be ac-
cessed directly.

This scenario can be safely applied only when the car-
dinality of the association between a composite and a
component is 1:1 and when the data are not accessed in
different components. Possible naming conflicts or viola-
tion of access specifiers must be resolved before scenario
application. All of the steps of this scenario are manual.

For the complementary operation (moving data from a

cl ass XConponent {
public:
W dget top_level ();
voi d change_col or(int);
i nt update_conponent();

prot ect ed:
W dget di al og;
W dget text_field;
doubl e dat a;

Figure 16.
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component to the comp osite), an identical scenario can be
used. If the component does not have access to the com-
posite through its data member, all member functions of
the component using the moved data must be provided

XConponent
Asynchr onous

GUlI calls

functionality
and GUI

Rest of
the system

Figure 15.

with access to the composite class through an additional
parameter before the scenario is applied.

In PET, one of the main tasks was to separate the user
interface code from the application code. For that, we
used a general reengineering scenario which separates
two different concepts mixed in a single class. In our par-
ticular situation, the scenario separates Motif code from
application code. The complete scenario is summarized in
thefollowing way:

1. Create a new user interface class as a component of
the original class.

2. Move the user interface data into the user interface
class.

3. Encapsulate all user interface code as new functions.

4. Encapsulate the remaining functional code as new
functions.

5. Move al user interface functions into the user inter-
face component.

Step 2 is the previous scenario (moving data between
composites and components). Steps 3, 4 and 5 are sup-
ported by arepeated application of the insertion, encapsu-
lation and expulsion tools. Step 4 is necessary because
sometimes we need to encapsulate functional code that is
nested within a user interface function newly encapsu-
lated in step 3.

In order to illustrate this scenario, we restructure the
code presented in figure 1. Before the scenario is applied,
we move al data and all functions from class Conpo-
nent into class XConponent and delete class Com

cl ass XConponent {
public:
W dget top_level ();
voi d change_col or (int);
i nt updat e_conponent ();

prot ect ed:
CompW n* w;
W dget di al og;
W dget text_field,;
doubl e dat a;
-1
class ConpWn {

public:
XComponent * x;};

Figure 17.



cl ass XComponent {
public:
W dget top_level ();
voi d change_color(int);
i nt update_conponent();

prot ect ed:
CompW n* w;
doubl e dat a;

-H

class CompW n {
public:

XConponent * Xx;

W dget di al og;

W dget text_field;};

Figure 18.

ponent. Thisiseasily done because Conponent does
not have any clients. Its sole derived class - XConpo-
nent - does not override any functionality and does not
contain any virtual functions. Figure 15 gives the modi-
fied architecture diagram. Figure 16 contains afragment
of the class definition before the scenario is applied.

In the first step, a new empty class ConpW n is cre-
ated as a component of the class XConponent (figure
17). This includes the creation of an instance of Conp-
W n during XConponent 's initialization. In the second
step, user interface data are moved into the new class
(figure 18). In the third step, new pure user interface func-
tions are encapsulated. This step is performed using the
encapsulation tool. An Example of such a function is
SaveCB() in figure 19. The function is called by a Motif
callback function whenever an appropriate asynchronous
event is generated by the user. In step 4, new functions
that contain only functional code are encapsulated. Then,
the user interface code and the functional code are sepa-
rated into distinct functions. Finally, the user interface
functions are moved from class XConponent to the

cl ass XConponent {
public:
i nt update_conponent ();

p.r;)iected:
CompW n* w;
doubl e dat a;

b

class CompW n {
public:
XConponent * x;
W dget di al og;
W dget text_field;
W dget top_level ();
voi d change_col or(int);
void SaveCB();};

Figure 20.
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cl ass XConmponent {
public:
W dget top_level ();
voi d change_col or(int);
int update_conponent();
void SaveCB(ConpW n*);

prot ect ed:
CompW n* w;
doubl e dat a;

b

class ConpW n {
public:

XConponent * x;

W dget di al og;

W dget text_field;};

Figure 19.

class ConpW n. Thefina code is shown in figure 20, and
the resulting architectureisin figure 21.

5. Conclusions

Our initial experience showed that the original set of
three transformations can be used efficiently but also that
additional restructuring tools are needed. Here, we list the
tools that we intend to implement in order to fully support
all of the scenarios described in Section 4.

- Transfer of data between composites and components.

- Transfer of functions between composites and comp o-
nents.

- Function encapsulation based on data flow analysis.
This tool could facilitate code reordering and enhance
the functionality of the encapsulation transformation.

- Change of an access specifier of a member, from private
to public, etc.

- Generator of access functions for data members.

- Tool renaming a data member, variable, or a function
argument.

The first two tools are similar to the expulsion and in-
sertion tools already in existence. The last three tools fa-
cilitate smaller changes to the code, but they are fre-
quently required to support larger transformations and
scenarios. Especially important is the generator of access
functions. This generator is already a part of the function

XConponent ConpW n

GUI

*

Asynchr onous
GUl calls

functionality

Rest of

the systen

Figure 21.



expulsion tool, but it is often required in other contexts
and should be implemented as a separate tool.

The transformations listed here do not dictate any spe-
cific architecture. They are a basic set that fixes the most
glaring deficiencies. Our experience showed that even
small regroupings of data and code has a positive impact
on the code architecture, substantially improving its com-
prehensibility and maintainability.

Object-oriented technology has become one d the
most popular software technologies. However, experience
has shown that object-oriented architectures are bound to
deteriorate and that transformations that rectify the archi-
tecture are a necessary ingredient of the technology.
However, these transformations are inherently complex
and surprisingly hard to implement. Some of the difficul-
ties are due to the complexities of the specific languages
involved, but others are caused by the very nature of ob-
ject-oriented principles. For example, moving functions
out of classes requires the automatic generation of access
functions for the private data, which in full generality isa
complicated transformation. Another example is a func-
tion that is a member of a base class. It can be inherited
and used in derived classes, making its move to compo-
nent classes or using classes difficult or impossible. Dy-
namic binding creates another set of difficulties. Hence,
not only the accidental properties of C++ but also the
principles of object-oriented programming make the
transformations complex.

Our approach has been to limit the scope of the trans-
formations to the most likely cases and avoid theoretically
interesting but difficult and impractical situations. Further
research toward a practical set of transformations and
scenarios is needed to support efficient object-oriented
code maintenance.
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Appendix

In this Appendix, a pseudo-C description of the func-
tion insertion tool is given. The tool uses the following
input data:

1. List of C++ sourcefiles

2. Nameof afunction to beinserted

3. Nameof aclassthe function isbeing inserted into

4. Position of the parameter to which the function is
being inserted

5. Flavor of the parameter - the parameter type can be
class, referenceto aclass, or pointer to aclass.

In the following description, we first describe three
auxiliary functions (Pre-compiler directive analyzer, Fe-
striction analyzer, Change analyzer) and then the Inse-
tion tool, which callsthem.

Pre-compiler directive analyzer
scan a C++ file line by line {



i f(new conditionally conpiled block found) {
construct new command line to conpile this
bl ock;
store command line into a |list;

}

scan the list of conmand |ines and del ete al
duplicates
save the list into a file

Restriction analyzer (implemented in GEN++)

read the input data {
read function name into fnane;
read class identifier into whichclass
read paraneter position into pposition;
read paraneter flavor into pflavor

start fromthe root
go down through all nodes {
if(current node is function identifier)
i f(function name==f nane){
find parent for the node
if(a parent is a pointer expression)
print error nessage

b

start fromthe root of the globa
go down through all nodes {
I f(definition node of fname function is reached)

of the g-tree

decl arati ons;

{
if (tenplate function) print error nessage
if (overloaded function) print error nessage
if (variable nunber of paraneters) print er-
ror message;
find type of the argunent
switch(type) {
class type: OK
class pointer: OK;
class reference: OK
default: print error

on the pposition

nessage;

go to the node representing the body of the
fname function;

if(flavor of the argunent on the ppositionis
pointer to a class){

if(the argunment is array) print error nessage

if(the argunent is used in pointer arithnetic)

print error-nessage;

}

}

Change analyzer (implemented in GEN++)

read the input data {
read function nane into fnane;
read class identifier into whichclass
read parameter position into pposition

read paranmeter flavor into pflavor
go to the root of all global synbols;
go through all gl obal declaration nodes;

if(a class definition is reached &&
cl ass nanme==whi chcl ass)
print "line# file whichclass";
if(a function declaration is reached &&
functi on nane==f nane)
print "line# file fnane pposition";
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if(a function definition is reached &&
function nanme==fnane) {
print "function nane |line# file name po-
sition";
find argunent name on position pposition
in argument |ist;
go to the function body {
exam ne all expressions in the body;
i f (argument nanme is found)
print "line# file type of change";
}
}

go to the root of the tree
go through all nodes
if(node is a function call)
if(fname function call)

print "line# file fname pposition pflavor";
Insertion tool
read list of C++ files

for(each file in the list)
call Pre-conpiler directive analyzer
for(each file in the list)
for(each command |ine generated by
Pre-conpiler directive analyzer){
call Restriction analyzer
merge all output files;

if(no error nmessages were printed) {
for(each C++ file in the list){
for(each conmand |ine generated by
Pre-conpiler directive anal yzer)({
call Change anal yzer;
merge all output files;

for(every line in the output file)({
find the line # in the C++ file
make the change

}



