88 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.10, NO.1 May 2016

Automatic code locations identification for
replacing temporary variable with query
method
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ABSTRACT

Automatic application of refactoring techniques
can help developer save effort in removing bad smells
from their code which improves software maintain-
ability. To automatically remove long method bad
smell, which is one of the most serious bad smells, we
need an automatic application of six refactoring tech-
niques. However, only one refactoring technique “Ex-
tract Method” can be automated. In this research,
we propose an algorithm to identify code locations
which will be extracted for creating a query method.
We create a program dependence graph from the code
with a long method bad smell and use a technique of
program slicing to identify the code of a query method
to replace a temporary variable. This is the most
important step towards an automatic application of
refactoring technique “replace temp with query”. We
conducted an experiment to compare the correctness
of refactored code between using our algorithm and
using IntelliJ IDEA that is a java integrated develop-
ment environment (IDE) with a feature of automatic
refactoring. The result confirmed that our proposed
algorithm can identify codes to form a query method
for replacing a temporary variable in a long method
with higher accuracy than IntelliJ IDEA almost three
times

Keywords: Refactoring Application, Program De-
pendence Graph, Bad Smell, Software Maintenance

1. INTRODUCTION

During developing an object-oriented program, de-
velopers often find evidences of bad smells in the
code. However, they typically do not have time or
are afraid to change the code to eliminate bad smells
since changing code might affect the accuracy of other
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code sections. Bad smells remaining in the code may
cause the problem in application development such
as decreased software maintainability.

Samples of bad smell often appeared are code du-
plication, large class and long method. In particu-
lar, long method bad smell, which is a method with
many statements, too many temporal variables or a
long list of parameters, often causes other subsequent
bad smells and has a significant impact on software
maintainability [1].

Martin Fowler [2] proposed six refactoring tech-
niques: extract method, replace temp with query,
introduce parameter object, preserve whole object,
decompose conditional and replace method with
method object for removing long method bad smell.
So far, only the technique of extract method can be
automatically applied for removing long method bad
smell [3]. No algorithm has been proposed to au-
tomatically remove long method with the other five
techniques. Consequently, at present we cannot auto-
matically eliminate long method bad smell with ex-
isting research work. In this paper, we propose an
algorithm for automatic replacement of a temporary
variable with a query method. This makes our ap-
proach to automatic removing long method bad smell
unique comparing to the existing methods.

The technique of replace temp with query is to
eliminate unnecessary defined temporary variable
from the code by replacing it with a query method.
The five steps in the process of replacing temporary
variables with query methods are as follows:

1. Identifying a temporary variable suitable to be
replaced with query method.

2. Identifying locations of codes which will be ex-
tracted for creating a query method.

3. Creating a query method.

4. Locating temporary variable to be replaced by
the query method.

5. Replacing temporary variable with the query
method.

In this research, we propose an algorithm to per-
form step 2. We use our previous research works [4,
5] to identify suitable temporary variables to be re-
placed with query method. Section 2 explains the
background concepts required to understand our al-
gorithm such as the technique of replace temp with
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query, program dependence graph and program slic-
ing technique used in our algorithm. Section 3
presents some research works related to our research.
Section 4 presents our algorithm to identify codes
which will be extracted and formed as query method.
Section 5 shows the experiment result of applying our
algorithm to different cases. We compare the cor-
rectness of refactoring using our algorithm with the
one obtained using IntelliJ IDEA - a Java IDE from
JetBrainsl which offers a possibility to apply replace
temp with query technique.

2. BACKGROUND

This section explains the detail of refactoring tech-
nique of replace temp with query and reviews pro-
gram dependence graph (PDG) and program slicing
technique which will be used in our algorithm.

2.1 Replace Temp with Query

From the introduction section, the refactoring
technique which helps to remove unnecessary tempo-
rary variables in a long method is replace temp with
query. This refactoring technique is selected when
a temporary variable is assigned once in an expres-
sion (except ‘if” block and ‘switch’ block) and be used
in computation or predicate. To apply replace temp
with query, there are four steps: 1) identify tempo-
rary variable, 2) identify locations of code which will
be extracted for creating a query method, 3) identify
occurrences of temporary variable to be replaced with
query method and 4) refactor code by applying this
refactoring.

2.2 Program Dependence Graph

Program dependence graph or PDG was proposed
by Ferrante et al. for representation of control and
data flow between operations of a procedure [6]. PDG
is a graph whose node represents a statement or pred-
icate expression and has two types of edge: control
dependence edge and data dependence edge. Con-
trol dependence edge represents a statement sequence
which depends on a control condition. For example,
there is one control dependence edge linking a control
statement, such as ‘if-else’, ‘while’, ‘for’, with each
statement inside the block of that control statement.
Data dependence edge represents flow of data depen-
dence between statements.

In this paper, our method uses PDG to analyze
program structure.

2.3 Program Slicing

A slice of program, developed by Weiser [7], is a
program point P and a set of program variable V of all
statements and predicates in the program that may
affect the values in V at P. Weiser used the CFG and
DFG analysis for slicing. [8, 9] proposed techniques
using PDG for slicing. There are three techniques

of program slicing: backward slicing, forward slicing
and chop slicing. First, the backward slice at pro-
gram point p is the program subset that may affect p
and compute backward reachability in the PDG from
node p. Second, the forward slice at program point
p is the program subset that may be affected by p
and computed forward reachability in the PDG from
node p. Lastly, the chop between program point p
and q is the program subset that may be affected by
p and that may affect q and computed between point
p and ¢ to identify all paths between p and q.

public double getPrice() {
double basePrice = _quantity*_itemPrice;
if (basePrice>1000)
return basePrice*0.95;
else
return basePrice*0.98;

Fig.1:
Slicing.

Sample Code for Demonstrating Forward

For a selected statement, forward slicing is to an-
alyze on which statements it has an impact. While
backward slicing is to analyze from which statements
a selected statement is affected. Chop slicing makes
a union of the output from forward and backward
slicing.

To understand how to do forward slicing, we
use a sample code in Fig. 1 and demonstrate for-
ward slicing of this statement: “double basePrice =
_quantity*_itemPrice”. The output set of the state-
ments from forward slicing contains four statements:

{double basePrice = quantity*_itemPrice;,

if (basePrice>1000), return basePrice*0.95;,
return basePrice*0.98; }

To understand how to do backward slicing, we use
an example code and perform backward slicing on this
statement: “return basePrice*0.98 ;”. The output set
of the statements from backward slicing is

{double basePrice = _quantity*_itemPrice;,
if (basePrice>1000), return basePrice*0.98;}
since the value of the selected statement

“basePrice*0.98” depends on the statements in the
output set.

To do chop slicing, we select two statements,
one for doing forward slicing and another one for
backward slicing. For example, the output set of
chop slicing of forward slicing “double basePrice =
_quantity*_itemPrice;” and backward slicing “return
basePrice*0.98;” is a union set of output sets of for-
ward slicing and backward slicing that is

{double basePrice=quantity*_itemPrice;,

If (basePrice>1000), return basePrice*0.95;,
return basePrice*0.98;}

In this paper, we use backward slicing and forward
slicing techniques to identify code locations which will
be extracted to form a new query method.
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3. RELATED WORKS

Steps of refactoring application using replace temp
with query technique are similar to the steps of ex-
tract method technique but focusing on eliminating
unnecessary temporary variables.

Maruyama proposes a mechanism that separates
new methods from existing methods of object-
oriented programs by using block-based slicing [10].
This mechanism indicates only variable of interest in
the code. However, this mechanism does not consider
calling and called methods. A side effect may occur in
a new method which, consequently, violates condition
of behaviour preservation.

Yang, Lui and Niu proposed an approach to recom-
mend code fragments to be extracted from the body
of a long method [11]. Their approach does not con-
sider a side effect of a code fragment to be extracted.
In some cases, a statement with a side effect should
be extracted and sometimes it should not.

Tsantails and Chatzigeorgiou proposed an ap-
proach that automatically identified extract method
refactoring opportunities [3, 12]. This approach uses
the union of static slice for extracting the com-
plete computation of a given variable declared in-
side a method. Their approach also proposes a set
of rules that preserves the code behaviour after slice
extraction and prevents the code duplication. Based
on their approach, they implemented a tool named
JDeodorant which claimed to be able to remove long
method bad smell but they can automatically ap-
ply only one refactoring technique named extract
method. This is not enough to completely remove
long method bad smells which required other refac-
toring techniques such as replace temporary variable
with a query method to be applied.

In this paper, our method uses PDG for analyzing
program structure and program slicing for identifying
code location.

4. METHODOLOGY

Given a temporary variable suitable to be replaced
with query in a long method, our proposed algo-
rithm will identify the statements to be extracted and
formed as a query method by using program slicing
technique. We analyze the relationship between the
statements by using three program slicing techniques
in combination such as forward slicing, backward slic-
ing, and chop slicing.

4.1 Steps of the Proposed Methodology

We use a sample code with a long method bad
smell as an input to our algorithm. A temporary vari-
able to be replaced with query method is identified
and selected. We obtain a result set which contains
all statements forming a query method. Our algo-
rithm for identifying locations of code which will be
extracted to form a query method has four steps.

1. Create program dependence graph from code
This purpose of this step is to create a
program dependence graph (PDG) from code
which contains our temporary variable to be re-
placed with query method.
2. Add assignment statements which use the tem-
porary variable to be replaced to the result set
This purpose of this step is to add an as-
signment statement of the temporary variable
to be replaced to the result set. In addition, we
perform forward traversal in the data flow graph
starting from the node of the assignment state-
ment. During forward traversal, we add every
visited statement node to the result set except
the statement satisfying one of these conditions:
a) statement which uses that temporary vari-
able in a computation, called Computation Use
statement (CU statement) but does not use it
in a definition statement, called Definition Use
statement (DU statement).
b) statement which returns a value of that
temporary variable.
¢) statement which uses that temporary vari-
able in a boolean expression, called Predicate
Use statement (PU statement).

3. Include preceding statements of the assignment
statements obtained in step 2 to the result set
Since we cannot include only assignment
statements in the result set, we must also in-
clude their preceding statements. For each
statement in the result set, we perform back-
ward traversal in the control flow graph. During
backward traversal, we add every visited state-
ment during backward traversal to the result
set.

4. Include statements which initialize variables

used by the statements in the result set.

In the last step, we must include all statements
that initialize the variables used by the statements
in the result set. Therefore, we initialize a list with
all statements in the result set which contains at least
one temporary variable but no statement in the result
set initializes its value. For each statement node in
the newly created list, we perform backward traversal
from that node by following data dependence edge
and add every visited statement node to that list.
Finally, we add all elements in the list to the result
set and repeat step 4 until no statement node in the
result set satisfies the condition for being added to
the list.

4.2 A Case Study

To illustrate our algorithm, we will show how
to apply it to identify the codes of query method
which will be used for replacing a temporary variable
“renterPoints” in a long method “statement( )”. This
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example is based on an example in the book of Martin
Fowler [2]. The temporary variable “renterPoints” is
shown as a yellow rectangle in Fig. 2. In step 1, we
create a program dependence graph of long method
“statement ( )” as shown in Fig 2. At the right hand
side of the figure marked by CDE, we show the control
dependence edges and control flow graph of method
“statement( )” while at the left hand side marked by
DDE, we show the data dependence edges and data
flow graph of the method.

Step 2, we find all assignment statements of
“renterPoints” by forward slicing following data de-
pendence edge. At the beginning, we add the assign-
ment statement of the temporary variable “renter-
Points” to the result set. Therefore, the result set
is {int renterPoints =0;}. Due to limited space, we
indicate the line numbers of code as elements of the
result set instead of writing the complete statements.
As the line number of the assignment statement is 2
so the result set is now {2}. We add all visited state-
ments obtained by performing forward traversal from
statement number 2 and following data dependence
edges. As there are two data dependence edges link-
ing: node 2 to nodes 9 and 10 shown as green edges
in Fig. 3, therefore we add nodes 9 and 10 to the
result set and it becomes {2, 9, 10}.

DDE CDE
public String scacemenc () {
L double totalAmo =0z 1 [+
1 2 | int [renterpos : 2 [+
13| ntals = _rentals.elements(): 3 |+
| 4 | String result="Rental Record for" + getName()+"\n": 4 e
[5 ] wnile (zencals.hasMoreElement ()) {
6 | Rental each = (Rental) rentals.nextElement():
E double chisAm = each.getCharge():
B if (each.getMovie () .getPriceCede () ==Movie .NEW_RELEAS
B renterPoints = renterPoints + 2;
) I else
@ ......
@ +String.valueOf (thisAm )y+"\n";
. totalAmount = totalAmount+thisAmount;
m result+"Amol '-"‘S::mg.val‘_'ecr(:c‘al,‘.mﬂ‘_'nt]v"\n
nts:"+5tring. valueOf (renterPoints) +"\ 14 |«
[}

Fig.2:  Program Dependence Graph of the long
method “statement” .

No condition for removing statements after for-
ward traversal which is mentioned in step 2 is sat-
isfied, so the result set remains unchanged. Next, we
repeat step 2 with nodes 9 and 10 shown as green edge
in Fig. 4. Only a new node 14 is likely to be added
but as it satisfies the condition a) of step 2 since it
is a DU statement for a variable “result” and a CU
statement for the variable "renterPoints”, therefore
we do not add it to the result set. The result set still
remains {2, 9, 10}.

Step 3, we include not only assignments in the re-

CDE

Eel Forviard Siicing following DDE [

uhlic String statement(){
E double totalAn =0

1 je

2 | inc [renterPoinca®0; 2:[&

E Enumeration als = rentals.elements(): 3 [+

4 | String result="Rental Record for" + getName()+"\n"; i o

5 n
3 c 1 1tals.nextElement () ;
7 51 .getCharge():
8

-] renterPoints = renterPoints + 2;

else

renterPoints++;
result = result+"\t"+each.gecMovie() .gecTitle () +"\t

+String.valueOf (thisAmount)+"\n";

{20
totalAmount = totalAmount+thisAmount;
2]

result = :esulcv':.rm'.‘n::"-S::mq.va‘;:ecn:c:almo:at)v"\.'.
Febult = :esult*'?cmr.::"-S:rzng.vnluecr[:en:e:Po:..:s)—"\
[

return resulc;

Fig.3: Forward Slicing following DDE of node 2.
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5
6
7
8
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ng result="Renctal Record for"™ + getName()+"\n";

EE X,

St

while (rencals.hasMoreElement()) {
Rental each = (Rental) rentals.nextElement():
double thisAmount = each.ge rge():
if (each.getMovie () .getPriceCode () ==Movie.NEW_RELEASH
rencerPoincs = renterPoints + 2;

g = wlo|wlo|wn Blwinle
[5] [=] L]
[}

else
10 renterPoints++;
result = result+"\t"+each.getMovie().gecTicle ()+"\th{1
+String.valueOf (thisAm +"\n";
totalAmount = totalAmount+thisAmount;
rejult = result+"Amount:"+String.valueOf (totalAmount)+"\nf33
1t = result+"Points:"+String.valueCf (renterPoints)+"\[14
turn result; E

Fig.4: Forward Slicing following DDE of nodes 9,
10.

sult set but also their preceding statements. For ex-
ample, if we include “if statement” we should also
include “while statement” since “if statement” is un-
der the scope of “while statement”. Therefore, we
perform backward traversal from the statement node
2 by following control dependence edges. There is
a control dependence edge from node 2 back to the
Entry node which will be ignored. The result set
still remains {2, 9, 10}. We continue the step with
the statement node 9 which has a control dependence
edge back to statement node 8 (shown as black edge
in Fig. 5) so the result set becomes {2, 9, 10, 8}. We
repeat with all elements and we get node 5 (shown as
black edge in Fig. 5) added in the result set. In brief,
we obtain {2, 9, 10, 8, 5} as the result set.



92 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.10, NO.1 May 2016

CDE
gBlg Backward Siicing following CDE |
public String stacemenc(){ o
1| double totalhmo 0; L*
2 | int| renterpoints0; 12 1+
3 ation rencals = _rentals.elements(); El g
4 String result="Rental Record for" + getName ()+"\n"; i“
o 5 |+
‘a
‘H
IT
a8
efse -
@ renterPoints++; [10]
result = result+"\t"+each.getMovie() .gecTicle()+"\t" t
+5tring.valueOf (thisAmount)+"\n";
totalAmount = totalAmo thisAmount;
1t = result+"Amount:"+String.valueOf (totalAmount)+"\n":
m = result+"Points:" nq.\ralueot(:en:erPcL.u!h"\n':
: rn result; E

Fig.5: Backward Slicing following DDE of nodes 10,
8.

Step 4, we must include all statements that ini-
tialize the variables used by the statements in the
result set. In our example, we consider all statements
in the result set {2, 9, 10, 8, 5}, we create a new
list with statement nodes 5 and 8 since the state-
ment nodes 5 and 8 contain the temporary variables
“rentals” and “each” respectively shown as blue rect-
angles in Fig. 6 and no statement in the result set ini-
tializes value of these variables. We start performing
backward traversal from statement node 5. There is
a data dependence edge from statement node 5 back
to statement node 3 shown as yellow edge in Fig.7,
so we add statement node 3 to the list: {5, 8, 3}.
We continue the step with statement node 8 and add
statement node 6 shown as purple edge in Fig. 8 to
the list: {5, 8, 3, 6} We add all elements of the second
result set to the result set and obtain {2, 3, 5, 6, 8,
9, 10} as the result set. We repeat the step 4 but no
statement satisfies the condition required for step 4,
therefore our algorithm ends and returns the result
as {2, 3,5,6,8,9, 10}.

We extract statements with the number indicated
by the result set to form body of the query method
as shown in Fig. 9. We create a new query method
named “getRenterPoint( )” with the statements iden-
tified by our algorithm and we replace the tempo-
rary variable “renterPoints” with this query method.
In the body of this query method, we generate the
number of statement node appeared in PDG to show
which statements we extracted to from the body of
method.

5. EXPERIMENTATION

We perform an experiment to evaluate if our al-
gorithm can correctly identify temporary variable to
be replaced with query method in different cases and

O
)
m

renterPointsn0;
ration rentals = _rentals.elements():

| CERE -
FEal L

1

hhsMoreElement () ) {
h = (Rental) rentals.nextElement():
sAmount = each.getCharge();

,v.
[~[o]w

B BE

[10]
[
totalAmount = :c;am:unc*:hia&n;un::
é result+"Amount:"+5tring.valueOf (cotalhAmount) +"\n"; m
result+"Points: "+ n .valueoti:enc::?n;:::i-"\r.":-
:er.uxn result: E
Fig.6: The Temporary Variables “rentals” and
g P Y
“each”.
CDE
DDE Backward Slicing - DDE

Entry

ic String statement(){

ion ren = ren ment

R

result="Rental Record for"™ + getName()+"\n":

while (rentals.hasMoreElement ()){
i
Rental each = (Rental) rentals.nextElement();
double thisAmount = each.getCharge();
if (each.getMovie () .getPriceCode() ==Mav1e.NEW_P.EZ.£;\5!
renterPoints = renterPoints + 2:
else
renterPoints++;

wlo|wlo|n

E\nmumw blw |~
[ — - L)

result = result+"\t"+each.getMovie().getTitle()+"\t
+5tring.valueOf (thisAmount) +"\n";
totalAmount = totalAmount+thisAmount;

}

result = :uul:v"munt:"vS:r;:g.valuecfE:c:alm:n'.zn:)-."\::

esult = result+"Points:"+String.valueOf (renterPoints)+"\[ gl
[15]recurn resulc; 15le

Fig.7: Backward Slicing following DDE of node 5.

can identify the correct set of codes to be extracted
and formed as a query method. We use 8 java code
samples each of which contains a temporary variable
to be replaced with query method. These samples are
from different sources such as refactoring book [2], re-
search papers [4, 5, 10, 13] and web sites that teach
refactoring techniques [14]. Each sample has a code
before and after refactoring was applied which allows
us to evaluate if our algorithm can correctly iden-
tify the codes to be extracted and formed as query
method. The java code samples can be classified into
eight cases as shown in Table 1: case 1 where in a long
method there exists a temporary variable declared as
a substitution of a read-only expression,

case 2 where in a long method there exists a tem-
porary variable declared as a substitution of a no side
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ic String stacen

double totalimot

Enumeration rentals = _rentals.elements();
n String result="Rental Record for"™ + getName()+™"\n";

double thisAmount = each.getCharge();
if(each.getMovie () .getPriceCode()==Movie.NEW RELEAS
=— -
renterPoints = renterPoints + 2;
else
renterPoints++;

result = result+"\t"+each.getMovie().gecTicle()+"\t
+String.valueOf (thisAmount)+"\n";
totalAmount = totalAmount+thisAmount;

esult = result+"Amounc:"+5trin .val:eof(tc:alﬂmunciv'\:
esult = result+"Points:"+St w.vslueO!(:en:e:Fomzs)-"\

turn result;

Fig.8: Backward Slicing following DDE of node 8.

public String statem
double totalimo

_rentals,elements();

Record for®™ +getHame()+"\n";
Element ()){

Rental each = (Rental) rentals.nexcElementc();
double thishm = each.getCharge();

result = ie().getTitle()+"\t"
+5tring.v
totalim

totalAmount+thisAmount;

= result+"Am

:"+5tring.valueOf (totalAmount)

ts:"+5tring.valueOf (rencerPoincal +*\n";

replaced by getRenterPoint{)

eration rentals = rentals.elements();

5 while(rentals.hasMoreElement()){

5 Rental each = (Rental) rentals.nextElement();
8 if (each.getMovie () .gectPriceCode () ==Movie . NEN_RELEASE)
9 renterPoints = renterPoints + 2;

else

10 renterPointe++)

return renterPoints:

Fig.9: Code Extracted by Our Algorithm to Form a
Query Method.

effect method invocation,

case 3 where in a long method there exists a tem-
porary variable declared as a constant whose value is
defined by selection statement such as ‘if-else’,

case 4 where in a long method there exists a tem-
porary variable used in a switch statement,

case 5 where in a long method there exists a tem-
porary variable used as an accumulative variable in a
for loop and used outside for loop.

case 6 where in a long method there exists a tem-
porary variable used as an accumulative variable in a
‘while’ loop and used outside ‘while’ loop,

case 7 where in a long method there exists a tem-

porary variable used for a calculation in a while loop
with an ‘if-statement’ nested inside the ‘while’ loop
and used outside ‘while’ loop,

case 8 where in a long method there exists a tempo-
rary variable declared in term of method invocations.

We compare performance of our algorithm with
IntelliJ IDEA that is a Java integrated development
environment (IDE) with a feature of automatic refac-
toring. IntelliJ IDEA claimed to be able to automat-
ically identify and refactor code with “replace temp
with query” technique. For each case, we apply our
algorithm to determine if our algorithm can iden-
tify temporary variable to be replaced with a query
method as well as a set of codes to be extracted and
formed as a query method. We perform the same
process using IntelliJ IDEA.

Table 1: Reference of cases used in experiment .

Case No. Reference Fig.

1 [2] temporary variable: 1
basePrice

2 [4,5] temporary variable: 10
partnershipld

3 [2] temporary variable: 1
discountFactor

4 [2] temporary variable: 11
thisAmount

5 [13] temporary variable: 12
totalAge

6 [2] temporary variables: 13
frequentRenterPoints,
total Amount

7 [10] temporary variables: 14
renterPoints, total Amount

8 [14] temporary variable: 15
aString

public void processIncomingMessage(EbmsRequest request,EbmsResponse response) throws
MessageServiceHandlerException {

String partnershipld = findPartnershipld(ebxmiRequestMessage);

if (partnershipld == null && ! (messageType.equalsignoreCase(MessageClassifier. ACTION_PING) ||
(messageType.equalsignoreCase(MessageClassifier.ACTION_PONG) & this.isPartner(ebxmlRequestMessage))))

/] unauthorized user
|/ generate error msg (sync reply)
EbmsProcessor.core.log
«error("Unauthorized message, no partnership is found");
ebxmiResponseMessage = processUnauthorizedMessage(
ebymIRequestMessage, false);
response.setMessage(ebxmiResponseMessage);
return;

Fig.10: Sample Code of Case 2: FExisting Method
Invocation.

5.1 Correctness of Identifying Temporary
Variable to be Replaced

We evaluate the performance of our algorithm and
IntelliJ IDEA in identifying a temporary variable to
be replaced with a query method in terms of whether
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public String Statement() {
double totalAmount = 0;
int frequentRenterPoints = 0;

while ( rentals.MoveNext()) {
double thisAmount = 0;
Rental each = (Rantal) rentals.Current;
switch(each.Movie.PriceCode) {
case PriceCodes.Regular:
thisAmount += 2;
if (each.DayRented > 2) { thisAmount += (each.DayRented - 2) * 1.5; }
break;
case PriceCodes.newRelease:
thisAmount += each.DayRented * 3;
break;
case PriceCodes.Childrens:
thisAmount += 1.5;
if (each.DayRented > 3) { thisAmount += (each.DayRented - 3) * 1.5; }
break;

frequentRenterPoints ++;
¥

return result;

3

Fig.11: Sample Code of Case 4: Switch Statement.

public String computeReport(){
Stirng result = "";
double totalAge = 0;
double totalSalary = 0;
for(int i =0; i< people.length; i++) {
totalAge += people[i].age;
totalSalary += people[i].salary;

3

double avgAge = (totalAge / people.length);
result += "average age:" + avgAge;

result += "total salary" + totalSalary;

Fig.12: Sample Code of Case 5: For Loop.

it can identify codes to be extracted and formed as
a query method. The correctness of identifying tem-
porary variable to be replaced obtained by running
our proposed algorithm and IntelliJ] IDEA with eight
cases are shown in column “Correctness of identifying
a temporary variable to be replaced” in Table 2.

For example, case 7 of the experiment is an ex-
ample illustrated in section IV. Set of the extracted
statements for this case is {2, 3, 5, 6, 8, 9, 10}. Our
proposed algorithm can correctly identify codes to be
extracted shown as a symbol v in the column “Cor-
rectness of identifying a temporary variable to be re-
placed” in Table 2 while IntelliJ IDEA cannot identify
them but shows an error message that is “cannot per-

public String statement () {
double totalAmount =0;
int frequentRenterPoints = 0;
Enumeration rentals = _rentals.elements();
String result = "Rental Record for ” + getName() +™\n";
while (rentals.hasMoreElement()) {
Rental each = (Rental) rentals.nextElement();
frequentRenterPoints += each.getFrequentRenterPoints ();
result = result +"\t” + each.getMovie().getTitle()+ "\t"
+String.valueOf(each.getCharge()) + "\n";
totalAmount = totalAmount + each.getCharge();
¥
result = result +*Amount owed is “ + String.valueOf(totalAmount) + *\n";
result = result +"You earned ™ + String.valueOf(frequentRenterPoints )
+ "frequentRenterPoints";
return result;

Fig.13: Sample Code of Case 6: While Loop.

public String statement () {
double totalAmount = 0;
int renterPoints = 0;
Enumeration rentals = _rentals.elements();
String result = "Rental Record for ” + getName() +™\n";
while (rentals.hasMoreElement()) {
Rental each = (Rental) rentals.nextElement();
double thisAmount = each.getCharge();
if ((each.getMovie().getPriceCode() == Movie.NEW_RELEASE)
renterPoints = renterPoints +2;
else
renterPoints ++;
result = result +"\t" + each.getMovie().getTitle()
+ "\t” +5tring.valueOf(thisAmount) + ™\n";
totalAmount = totalAmount + thisAmount;

result = result +"Amount :” + String.valueOf{totalAmount) + ™\n";
result = result +"Points : ™ + String.valueOf(renterPoints);
return result;

Fig.14: Sample Code of Case 7: While Loop and If
Statement Nested in While Loop.

public void method() {
String str ="str";
String aString = returnString().concat(str);
System.out.printin(aString);

>

Fig.15: Sample Code of Case 8: Assignment State-
ment with Method Invocations.

form refactoring, variable “totalAmount” is accessed
for writing”. Therefore, X" is marked in the column
“Correctness of identifying a temporary variable to
be replaced” in Table 2.

The result of the experiment shows that our pro-
posed algorithm can identify temporary variable to be
replaced for all cases while IntelliJ IDEA can identify
correctly only three cases (case 1, 2 and 8). In some
cases (cases 4, 5, 6, 7) where it cannot identify the
temporary variable, Intellij IDEA shows error mes-
sage but in some cases (case 3) it does not show any
error message such as in the case of selection state-
ment.

5.2 Correctness of Codes to be Extracted and
Formed as a Query Method

For each case, we compare set of code locations
identified by our algorithm with code after refactor-
ing provided by the source where we collect the code
sample. If the set of codes corresponds completely to
the codes after refactoring, we consider the correct-
ness of algorithm is 100% otherwise we consider it as
incorrect. For 8 cases, we compare the codes to be
extracted which are suggested by our algorithm with
the result of refactoring using IntelliJ IDEA. The re-
sults are shown in the column “Correctness of Codes
to be extracted and formed as a query method” in Ta-
ble 2. Our algorithm can correctly identify codes to
form a query method in all cases while IntelliJ IDEA
can do it correctly only in three cases (casel, 2 and
8).
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Table 2: The Comparison of Correctness Percent-
age of Proposed Algorithm and IntelliJ IDEA.

Correctness of Correctness of Codes
identifying a to be extracted and
Case temporary variable formed as a query
to be replaced method
Proposed | IntelliJ | Proposed IntelliJ
Algorithm IDEA Algorithm IDEA
1 v v 100% 100%
2 v v 100% 100%
3 v X2 100% Incorrect
4 v xP 100% Incorrect
5 v xP 100% Incorrect
6 v xP 100% Incorrect
7 v xP 100% Incorrect
8 v v 100% 100%
Note:
v'—— can identify temporary variable to be replaced.
X—— cannot identify temporary variable to be re-
placed.

a_—— cannot identify temporary variable and does not
show error message.

b_ cannot identify temporary variable but shows error
message.

In summary, based on the experiment result, we
can conclude that our proposed algorithm can iden-
tify codes of query method to replace temporary vari-
able more accurately than IntelliJ IDEA almost three
times (the ratio between the correctness percentage
of our proposed algorithm and correctness percent-
age of IntelliJ IDEA - 8:3 = 2.67 ~ 3). In some cases
where there exist temporary variables inside a state-
ment such as loop statement or selection statement,
our approach can identify temporary variables to be
replaced and codes of query method to replace tem-
porary variable more accurately than using IntelliJ
IDEA.

6. CONCLUSION

This paper proposes an algorithm to identify loca-
tions of codes for creating query method and focuses
on the first step required for automatic application of
refactoring technique “replace temp with query”.

Our proposed algorithm uses program dependence
graph and two slicing techniques: forward slicing by
following data dependence edge and backward slicing
by following control dependence edge.

We conducted an experiment with eight cases of
java code to compare the correctness percentage be-
tween our algorithm and IntelliJ] IDEA. The cases
cover all statement types such as selection with ‘if-
else’ or ‘switch’, loop with ‘for’ or ‘while’. The exper-
iment result shows that our proposed algorithm can
identify codes to form a query method for replacing a
temporary variable in a long method more correctly
than IntelliJ IDEA almost three times. While IntelliJ
IDEA cannot refactor the code with the refactoring

)

technique “replace temp with query” in cases of code
with selection or loop statements.

For our future work, we plan to develop an algo-
rithm for the remaining steps so that we can com-
pletely automate the application of refactoring “re-
place temp with query method”. We also plan to
evaluate the performance of our approach in terms of
processing time and apply our algorithm with more
cases. Moreover, we plan to implement our algorithm

for this refactoring as an Eclipse plug-in.
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