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Abstract
This paper describes a new approach of parameterized clone detection using abstract syntax tree. Since a considerable fraction of the source code in large-scale
computer programs is duplicate code, called as clones, replacing the duplicate code
by procedure calls serves as an effective way for reducing object code size. Various
techniques are proposed for finding clones, but not much about their use with procedure abstraction is reported. We propose a new approach of parameterized clone
detection using abstract syntax tree so that a straightforward transformation on
the detected clones into procedure calls is possible.
Key words: Clone detection, redunant code, procedure abstraction, abstract
syntax tree, parameterized clone.
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Introduction

In this paper, we propose a new approach to parameterized clone detection
so that the clones found may be replaced by procedure calls. It is reported
that it may reduce the object code size up to 15% when applying procedure
abstraction on the source code[24]. The main idea of procedure abstraction
is to abstract the identical parts in a program into a single procedure, which
calls for a clone detection technique that is good for the purpose of procedure
abstraction.
Email addresses: yung@mail.ndhu.edu.tw (Chung Yung),
m9521038@em95.ndhu.edu.tw (Che-Wei Wu).
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Code fragment 1: Code fragment 2:
x=x+y;
x=x+y;
if(x>sum)
if(x>sum)
x=sum;
x=y;
else
else
x=x+1;
x=x-y;
The clone is detected by Baker’s
Syntactically incomplete
clone

x=x+y;
if(x>sum)
x=

Fig. 1. A syntactically incomplete clone.

A recent research suggests that large software systems typically contain 1025% redundant code, or clones[19]. The redundancy is caused by reusing code
through copy-and-paste or by programming the structural similarities code
accidentally. If there are many clones in a program, the redundancy makes
the code unstructured and large. As a result, more memory is required for the
object code, and more cost is spent for maintaining the code. This shows the
importance of detecting and refactoring the code clones.

On the other hand, detection and refactoring of clones by procedure calls
promises decreased program maintenance cost corresponding to the reduction
in code size. There are many clone detection techniques proposed from the aspect of software engineering, but the focus of these approaches does not aim at
procedural abstraction. The proposed techniques usually give the constrains
on the clones found without taking the language constructs into consideration
so that some detected clones are syntactically incomplete. For the example
in Figure 1, the detected clone of the two code fragments is syntactically
incomplete. The new approach we propose is facilitated for detecting the parameterized clones that are syntactically complete.

According to Rysselberghe and Demeyer[21], the clone detection techniques
can be divided into three categories: the string-based techniques[6,10], the
token-based techniques[3,13], and the abstract-syntax-tree(AST)-based techniques[5,11,15,18].
The string-based clone detection divides the program into a number of strings
such as lines, and the whole lines are compared with each other textually[6].
The token-based clone detection transforms the program into a token stream
and then search the similar token sequence using suffix tree. The AST-based
clone detection finds similar subtrees after building a parse tree.
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(1)
X=A+B
Z=A−B

(2)
X=P+Q
Z=P−Q

(3)
X=P+Q
Z=A−B

(4)
X=P+1
Z=P−1

(5)
X=P∗Q
Z=P/Q

(6)
X=5
Z = 10

Fig. 2. The motivation example.

We are interested in those fragments in the source code that can be transformed into procedure calls. As an example, consider the six different code
fragments in Figure 2, most clone detection techniques find that the code
fragment (2) is a clone of (1), while code fragments (3), (4), (5), and (6) are
not considered as clones of (1). However, it is clear that all six code fragments
may be abstracted into a single procedure.
This paper is orgainzed as following. The next section is a brief description
and comparsion on the related works. Two of the popular clone detection techniques are presented in particular; namely, the Baxter’s AST-based approach
and the Baker’s token-based approach. In section 3, we give the definition of
parameterized clones and the terminology used in this paper. In section 4 we
propose a new approach of clone detection. Section 5 presents an example of
applying our technique in detecting clones. At last is a brief conclusion.
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Related Works

There are many different approaches proposed to find clones in the source code
[6,10,3,13,5,11,15,18], but the definition of a clone in different approaches is
varied. The approach proposed in this pape an AST-based technique with
the concept of using a suffix tree adaptd from the token-based techniques.
Hence, we introduce an AST-based approach proposed by Baxter et al.[5],
and a token-based approach proposed by Baker[3] in this section.

2.1 Baxter’s AST-based Approach
A clone detection approach based on abstract syntax trees is proposed by Bax3

ter et al.[5]. The basic idea is comparing each subtree of the abstract syntax
tree by computing the similarity. If there are two subtrees whose similarity exceeds a threshold, these subtrees are called clone. The similarity is computed
by following formula :
Similarity = 2*S / (2*S+L+R)
where:
S = # of shared nodes
L = # of different nodes in subtree 1
R = # of different nodes in subtree 2
But computing the similarities of all subtree pairs is not efficient, of which
the computation complexity is O(N 3 ), where N is the number of nodes in
the AST. In order to solve this problem, Baxter et al. propose using a hash
function to hash subtrees into some buckets if the subtree mass exceeds the
mass threshold.
The basic algorithm proposed by Baxter et al. is presented in Figure 3(a). The
algorithm finds single-subtree clones, but the subtree-sequence clones could
not be detected. Baxter et al. build a list structure where each list is associated with a sequence in the program. The hash codes of each subtree element
in the associated sequence are stored in the list structure. The Figure 3(b)
gives the clone detection algorithm for subtree-sequence clones, which compares each pair of subtree-sequence clones if the length of the clone exceeds
the given threshold. This idea is similar to the clone detection of single-subtree
clones, which compares all pairs of subtrees. Note that a hash function is used
in this algorithm to hash the subtrees and the subtree sequences into buckets.
The clone detection technique proposed by Baxter et al. compares each pair of
subtrees or subtree sequences to find the exact and near-miss clones. Because
of the tree matching used in their approach, the computation complexity is
high.

2.2 Baker’s Token-based Approach
The idea of token-based clone detection is proposed by Baker[1,2,3,4]. Baker’s
approach detects the exact and parameterized matched clones, while two code
fragments are called a parameterized match (p-match) if there is a one-to-one
function that maps the set of parameters in one fragment onto the set of pa4

0b3a4$
a0$
$
b0a4$

0
$
a0

$

b0a0$

0b3a4$

A p-suffix tree of the p-string S = axybxay$
Which the encoded substrings are:
a00b3a4$, 00b3a4$, 0b0a4$, b0a0$, 0a0$, a0$, 0$, $

Fig. 3. An example of p-suffix tree of p-string S.

rameters in another fragment.

For any program code, this approach uses the lexical analyzer to generate a
token string consisting of one ”non-parameter symbol” and zero or more ”parameter symbols”. A code fragment such as x=x+y is first transformed into a
pattern P=P+P and a list x,x,y; then a non-parameter symbol is generated to
represent the pattern P=P+P and three parameter symbols are generated to
represent x,x,y. In this way, both the parameter candidates and their positions
are recorded in the resulting string, which is called a parameterized string or
a p-string.

In order to detect a p-match from p-strings, this approach also needs to encode the parameter symbols as follows. The first occurrence of each parameter
symbol is replaced by a 0. Each later occurrence of parameter symbol is replaced by the distance in the string since the previous occurrence of the same
symbol. Non-parameter symbols are left unchanged. For example, if a, b, and
$ are the non-parameter symbols, and x and y are the parameter symbols, a
p-string axybxay$ would be encoded as a00b3a4.

After the lexical analysis, Baker proposes an algorithm dup for detecting parameterized match. dup builds a tree called parameterized suffix tree(p-suffix
tree) for the p-string. When we construct a p-suffix tree for a p-string S, we
need to encode each suffix substring of S. In the above example S, axybxay$, S
has 8 suffix substrings; namely, axybxay$, xybxay$, ybxay$, bxay$, xay$, ay$,
y$, $. A suffix tree is a representation of a string as a trie where every suffix is
presented through a path from the root to a leaf. For any two leaves, we have
two distinct paths from the root to the leaves. If there is a common prefix in
the path, the shared path is a p-match substring of the p-strings. In this case,
5

the substring is a clone. Figure 3 shows the example of constructing suffix
trees for S=axybxay$, where a, b, and $ are non-parameter symbols and x, y
are parameter symbols.
Baker’s token-based clone detection using suffix tree is linear in space with
respect to the token string length, and the linear algorithm to construct suffix
trees is proposed by McCreight[17].
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A Simple Language

Abstract Syntax of Ls Language
c ∈ Con Constant
x ∈ Var Variables
t ∈ Typ Types
t = int | char | f loat
d ∈ Dec Declaration
d=tx
op ∈ Pf

Primitive function
op = + | − | ∗ | / | > | = | < | 5 | == | =
6 | && | ||

f

∈ Fv

Function variables

f d ∈ Fd

Function definition
f d = t fi (x1 ,. . . ,xn ) = {d1 ;. . . dj ; s}

e ∈ Exp Expression
e = c | x | e1 op e2 | fi (x1 ,. . . ,xn )
s ∈ Stm Statements
s = s1 ;. . . sk ; | x = e | if(e) s1 else s2 | while(e) s
pr ∈ Prog Program
pr = {f d1 . . . f dm }
Fig. 4. Abstract Syntax of Ls Language

In this section, we propose a simple programming language Ls which simplifies standard C language but not to lose the essence of programmming language. We would describe our algorithm based on the Ls language later, and
this language could help us decribing simply and clearly. The Ls language is
a complete and workable programming langugage, and it is strongly typed.
6

Ervery legal expression has a type which is determined by programer or the
compiler. The Figure 4 describe the abstract syntax of Ls language.
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Parameterized Clone

In this paper, we are interested in the code fragments that can be transformed into procedure calls. We call such code fragments as parameterized
clones. Here, we give the definition of a parameterized clone. Note that this
definition may be slightly different from those used in the other approaches of
clone detection. We will use this definition in the rest of this paper.
Definition: A parameterized clone class C of a program P is a set of
code segments p1 , ..., pk in P such that when a general form of p1 , ..., pk
is abstracted into a procedure F , and p1 , ..., pk can be replaced by calls
to F ; namely, f1 , . . . , fk , with appropriate parameters. In such a case,
we call pi is a clone instance of the clone class C, where 1 ≤ i ≤ k. 
For a program P, the clone set Θ is a set of parameterized clones classes
{C1 . . . Cn }, and a parameterized clone class C is a set of clone instances
{p1 . . . pk } each of which can be transformed into a single procedure call.
Code clones are generally known as duplicated code fragments through copyand-paste in a software system [12]. In convention, the clone detection techniques are designed to compare two code fragments and decide whether they
are similar or not by computing the similarities or matching patterns, such as
[5,3]. In this paper, we propose that whether two code fragments are similar
or not is decided by whether they can be transformed into procedure calls to
the same procedure or not.
For the example in the Figure 2, there are 6 code fragments. The clone class
detected by Baker is {(1), (2)}, in which code fragments are p-match; and the
clone class detected by Baxter et al. is {(1), (2), (3)}, in which the nodes of
the subtree in the code fragments are the same. Both of them do not consider
(4),(5),and (6) as members in the clone class. In the next section, we present a
new approach that can detect that (1),(2),(3),(4),(5),and (6) are all members
of the parameterized clone class since each of them can be transformed into a
single procedural call to the same procedure.
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Abstract
Syntax Tree
Hash
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Parse Tree
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Set of
the clones

Suffix Tree
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Detect
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Θ

Fig. 5. The framework of our approach.

Note that the clone detected by our approach may include loop statements,
selection statements, and calls to first-order functions. The approach that we
propose does not consider higher-order functions, but it may be easily extended to include calls to higher-order functions in the clones.

5

Clone Detection

In this section, we propose a new approach for clone detection using abstract
syntax tree. Our approach is a framework that can be divided into three steps.
First, we hash the parse tree of the program. We use a hash function that
hashes the subtree of a statement into a hash key. Second, we construct the
suffix tree from the parse tree with hashed keys. For constructing the suffix
tree, there are two comparison functions, of which one compares two hashed
keys, and the other recursively compares the hashed keys in the subtrees of a
compound statement. At last, we compute the clone set of the program from
the suffix tree. In this step, two threshold numbers are needed: one for the
minimal number of statements in a clone class, and the other for the minimal
number of repetitions.
The framework of our approach is shown as Figure 5. We describe each of the
steps in our framework in more details.

5.1 Hashing Parse Tree
The first step in our framework of clone detection is to hash the parse tree
of a program into a hashed tree. The idea of using hash functions for clone
detection is a popular methodology for token-based clone detection [1,2,3,4].
We adapt the hash function to hash the nodes in a parse tree into hash keys.
Our hash function H hashes the statement s based on the simple language Ls .
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Algorithm: Hash Algorithm
H[[s1 ;. . . sk ;]] = Sc (H[[s1 ]], H[[s2 ;. . . sk ;]])
H[[if(e) s1 else s2 ]] = Si (e, H[[s1 ]], H[[s2 ]])
H[[while(e) s]] = Sw (e, H[[s1 ]])

H[[x = e]] =




 Ai




Ac





 Af

if

x.type = int,

if

x.type = char,

if

x.type = f loat.

T [[d]] = T [[t x]]

:≡ x.type = t

T [[f d]] = T [[t fi (e1 ,. . . ,en )={d1 ,. . . ,dj ,s}]] :≡ fi .type = t
Fig. 6. The Hash Algorithm.

We denote the hash algorithm H: S → Th , where S is the set of ∀s ∈ Stm in
the abstract syntax of Cs language, and Th is the hashed parse tree.

For the simple language Ls introduced in section 3, the set of hash keys of
hashed parse tree is {Ai, Ac , Af , Si , Sw , $}. The hash algorithm is shown in
the Figure 6.

The Figure 6 performs the hash algorithm how to hash the statement s ∈ Stm
into a single hash key or the hash keys list. For the statement s = {x = e}, it
would be hashed into a single hash key Ai , Ac , or Af according to the type
of variable x. For the statement s = {if (e1 ) s1 else s2 | while(e) s}, it would
be hashed into a single hash key Si or Sw respectively and the hash algorithm
still recursively hashes the nested statements {s1 , s2 } or {s}. In the hashed
parse tree Th , the children of hash keys Si and Sw are {H[[s1 ]], H[[s2 ]]} and
{H[[s]]} respectively. For the statement s = {s1 , . . . , sk }, it would be hashed
into hash keys list for the statements s1 to sk and the hash key $ is added for
marking the end of statement s. The example of hashing the parse tree of an
example program is shown in Figure 8.

According to above hash algorithm, we develop the compare functions Ch and
Ce to compare the hash keys of two nodes. The compare functions Ch and Ce
are shown in Figure 7, and we can see that we recursively call Ch to compare
the subtree of body of two noeds if the hash keys of two nodes both are Sw
or Si . And we also develop the Ce function to compare the condif tion of each
Sw and each Si that is in while loop.
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Compare Function Ch and Ce

Ch (h1 , h2 ) =









































true if in loop = 0 &
h1 = h2 &
h1 , h2 ∈ {Ai , Ac , Af }
Ce (e1 , e2 ) if in loop > 0 &
h1 = h2 &
h1 , h2 ∈ {Ai , Ac , Af }
Ch (j1 , j2 ) & Ch (k1 , k2 ) if in loop = 0 &
h1 = Si (e1 , j1 , k1 ) &
h2 = Si (e2 , j2 , k2 )





Ce (e1 , e2 ) & Ch (j1 , j2 ) & Ch (k1 , k2 )
















Ce (e1 , e2 ) & in loop + 1, Ch (j1 , j2 ), in loop − 1










Ch (j1 , j2 ) & Ch (k1 , k2 )








f alse

Ce (e1 , e2 ) =


























if in loop > 0 &
h1 = Si (e1 , j1 , k1 ) &
h2 = Si (e2 , j2 , k2 )
if h1 = Sw (e1 , j1 ) &
h2 = Sw (e2 , j2 )
if h1 = Sc (j1 , k1 ) &
h2 = Sc (j2 , k2 )
otherwise.

true if e1 = c & e2 = c
true if e1 = x & e2 = x
check dependence(e1 ) if e1 = x & e2 = c
check dependence(e2 ) if e1 = c & e2 = x
Ce (e3 , e5 ) & Ce (e4 , e6 ) if e1 = e3 op1 e4 &

e2 = e5 op2 e6 &




op1 = op2






Ce (e11 , e21 ) & . . . & Ce (e1n , e2m ) if e1 = f1 (e11 , . . . , e1n ) &





e2 = f2 (e21 , . . . , e2m ) &





f1 = f2 & n = m



f alse otherwise.
Fig. 7. The Compare Function Ch and Ce .
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( a ) the example of code fragment to parse tree
ASSIGN
ID
“x”

EXP
3*x
ASSIGN
ID
“y”

EXP
x+y

ASSIGN
ID
“z”

Code fragment:
1.x=3*x;
PARSER
2.y=x+y;
3.z=0;
4.while(x<y)
5.{ z=z+x;
6. x=x+z%10;
7.}
8.f=x/y;

EXP
0

condition
EXP
x<y

WHILE

body
ASSIGN

ASSIGN

ID
“f”

ID
“z” EXP

NULL
EXP
x/y

z+x
ASSIGN
ID
“x ”

NULL
EXP
x+z%10

( b ) the example of parse tree to hashed parsed tree
ASSIGN
ID
“x”

EXP
3*x
ASSIGN

Ai

ID
“y”

Ai

EXP
x+y

ASSIGN
ID
“z”

Ai
EXP
0

Hash_Parse_Tree

condition
EXP
x<y

Body

WHILE

body

ID
“f”

ID
“z” EXP

Af

Ai
ASSIGN

ASSIGN

Sw

$

Ai
NULL

EXP
x/y

$

z+x
ASSIGN
ID
“x ”

NULL
EXP
x+z%10

Fig. 8. The hashed parse tree for the example program.
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Algorithm: Construct Suffix Tree
Input : Th
Output : Suffix Tree Ts
Initialize Ts and Stack S
Construct Suffix Tree(Th )
{ sf head = Ts .root;
stage = Th .root;
head = Th .root;
in loop = 0;
while(stage 6= NULL)
{ while(exists n in sf head.children such that
Ch (n, head) is true)
{ sf head = n;
record location(n, head);
head = head.next;
}
Add Suffix tree(sf head, head);
sf head = Ts .root;
stage = Next Stage(stage);
head = stage;
}
}
Fig. 9. The Construct Suffix Tree algorithm

5.2 Constructing Suffix Tree

The second step in our framework of clone detection is to construct the suffix
tree from the hashed parse tree. The idea of using suffix tree for clone detection
is included in a few techniques of token-based clone detection [1,2,3,4,8,17].
We adapt the function for constructing a suffix tree in order to take a hashed
parse tree as its input.

The algorithm that we devleop for constructing a suffix tree Ts from the hashed
parse tree Th is presented in Figure 9. The main idea is adding the substring
of a string S of each stage into the suffix tree root, which the substring of each
stage is a substring that was removed the first letter of the substring in the
previous stage.
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Function: Next Stage
Next Stage(p)
{ switch(p)
{ case Ai , Ac , At , Sf : p = p.next;
break;
case Si : push(S, p.next);
push(S, p.else);
p = p.then;
break;
case Sw : push(S, p.next);
p = p.body;
break;
case $ :
p = pop(S);
}
return p;
}
Fig. 10. The Next Stage Function

$ 6
$ 5

Ai
Ai
Ai

Ai

Ai

Sw Af

$ 1

Construct_Suffix_Tree

Sw Af

Ai

Sw Af

Sw
T s . root

Af

Ai

Af

$

Ai

Sw Af

$ 2

$ 3

$ 4

$ 7

$ 8

$

Fig. 11. The suffix tree example .

In the Construct Suffix Tree algorithm, we add the substrings for subtrees in
the hashed parse tree into the suffix tree. In the case that the hash key k is
Si or Sw , iteratively add each subtree of its statement body into the suffix tree.
In our algorithm for constructing the suffix tree, we use the compare functions
Ch and Ce in Figure 7 to compare hash keys of the nodes h1 and h2 and check
if they can be a parametrized match. If the keys of h1 and h2 both are Si or
Sw , we recursively use the function Ch to compare the subtree of their body.
The Ce function is used to compare the condif tion of two nodes if their hash
13

Algorithm: Clone Detect
Input : Ts
Output : a set of clones Θ
Initialize Θ, head = Ts .root;
Clone Detect(head)
{ for all n in head.children
if(n.depth < K )
Clone Detect(n);
else
{ if(n.count = N )
{ C = Creat Clone();
temp = n;
while(temp.parent 6= Ts .root)
temp = temp.parent;
Copy(C.location, temp.location);
C.depth = n.depth;
Add C into Θ
Clone Detect(n);
}
}
}
Fig. 12. The Detect Clone algorithm.

key both are Sw or Si that is in while loop body. Hence the value of in loop
would add by 1 when comparing the loop body and reduce by 1 when going to
the end of comparing. It is of note that the variable in loop is a flag to check
the current statement is in loop body or not, but this variable only affects the
compare function Ch with Sw , i.e it can’t affect any stage in this step even
though the stage is in the loop body. The algorithm of the auxiliary functions
is shown in Figure 7, 10. Figure 11 shows the suffix tree that our algorithm
constructs for the hashed parse tree in Figure 8.
5.3 Detecting Clones
The last step in our framework is computing the clone set of the program from
the suffix tree. We take the suffix tree Ts as input to compute the set of clone
class Θ. Since the small code fragments may not be of our interest, we allow
users to set two threshholds for the clone sets to compute:
14

$

6

$ 5

Ai

Ai

Ai

Sw Af
Sw Af
T s . root

$ 4

Sw

Af

Af

$ 7

$ 1

Sw Af

$ 3

$

2

Clone_Detect

Θ has 1 clone c lass C
C has 3 clone instances

Set the Thresholds Θ= { C }
C= {{1,2},{2,3},{5,6}}
K =2 and N =2

$ 8

Fig. 13. The Detecting Clones example

• The number of statements in the code segment, K , and
• The number of occurrances of the clone, N .
The algorithm that we develop for detecting clones, called Clone Detect, is
shown in Figure 12. In the algorithm, we compute the distance of each node n
from the root of Ts denoted as n.depth. It is clear that n.depth is the number
of statements on the path from the root to Ts . And, we compute the number of
leafs of the subtree rooted at n, denoted as n.count. It is clear that n.count is
the number of repetitions of the code segment. For each node n, if n.depth >
K and n.count > N , a parameterized clone instance of the path from the
root of Ts to n is found. We use the algorithm to compute the suffix tree in
Figure 11 and the clone set is {{1, 2}, {2, 3}, {5, 6}} as shown in Figure 13.
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Discussion

Our parameterized clone deteion is based on the simple language Ls proposed
in section 3. Then we would discuss how to extend our approach to fit in with
practical programming language such as C language. And we also use a complete C program as an example to demonstrate how our approach is compared
with Baker’s and Baxter’s. At last we have a comparison with a latter paper
porposed by Evans et al.[7].

6.1 Extension
Our clone detection described in section 4 is only based on the simple lan15

guage Ls , generally too small, so we extend our approach to suit standard C
language.

In the simple language Ls , it only considers the necessary and basic functions
such as if , while, and assignment. The Ls language must be included in standard C language, hence we need to handle more statements and types when
extending our approach. The C language contains more data types than Ls
language, but we can use the similar way to modify hashing, such as double
type assignment hash into the key Ad . And the C language also has those
statements that are not contained in Ls , in which statements could be classified into two types, one is nested structural statement such as f or, do, or
switch, another is single statement such as declaration, break, or return.
For the first type, we give the new hash key for those statements and use
the similar way to hash those statements and their nested body. For the second type, we choose the statements satisfied the definition of parameteried
clone such as break or continue and give them the special hash keys Sb or
Sc ; others in second type, those can’t be transformed into procedures, would
be hashed into the same default hash key “⊥” that would be considered as
different key and always returned flase when computing the compare function.

6.2 An Example

Here we use a complete C program get minimal array to demonstrate how
our approach is compared with Baker’s approach and Baxter’s approach. In
Figure 14, the get minimal array program has 3 nested loops with a similar program structure, which is used to implement the bubble sort. In figure
14(a), we include a table marking the computation of the three approaches
compared at the left of the program listing. The lines marked with a “*” sign
are considered as in clones by our algorithm; and the lines marked with a “+”
sign and a “-” sign are considered as in clones by Baxter’s algorithm and by
Baxter’s algorithm, respectively.

In Figure 14(b), we calculate the number of lines that are considered in clones
by each approach. In this example, there are 23 lines of code marked as in
clones by our approach. And, there are 20 and 6 lines of code marked as in
clones by Baker’s and Baxter’s approaches, respectively. It is clear that our
approach can find more lines of code in the clones than Baker’s and Baxter’s
approaches in this example. Baker’s approach finds the number of lines of code
in the clones to be close to ours, but the clones are almost syntatically incomplete. In the other words, the clones which are detected by Baker’s approach
16

(a)The Example
1 v o i d g e t_ m i n im a l _a r r a y
2 ( i n t * a [] , in t * b [ ], in t m , in t n ) {
3
i n t i, j , * te m p ;
＊ ＋4
/ * b ub b l e so r t* /
i=0;
＊ ＋5
w h i l e ( i < m) {
＊ ＋6
j= 0 ;
＊ ＋7
wh i l e (j < m -1 ) {
＊ ＋8
i f (a [ j ] > a [ j+ 1 ] ) {
＊－＋9
t e m p= a [ j] ;
＊ － ＋ 10
a [ j ]= a [ j+ 1 ] ;
＊ － ＋ 11
a [ j +1 ] = te m p ;
}
＊ ＋ 12
j = j+ 1 ;
}
＊ ＋ 13
i= i + 1 ;
}
＋ 14
/ * b ub b l e so r t* /
i=0;
＋ 15
w h i l e ( i < n) {
＋ 16
j= 0 ;
＋ 17
wh i l e (j < n -1 ) {
＋ 18
i f (b [ j ] > b [ j+ 1 ] ) {
＊ － ＋ 19
t e m p= b [ j] ;
＊ － ＋ 20
b [ j ]= b [ j+ 1 ] ;
＊ － ＋ 21
b [ j +1 ] = te m p ;
22
j = j +1 ;
}
23
e l se
24
j = j +1 ;
}
25
i= i + 1 ;
}
＊
/ * a =m i n ar r a y* /
i=0;
＊
26
w h i l e ( i < m) {
＊
27
j= 0 ;
＊
28
wh i l e (j < n ) {
＊
29
i f (a [ i ]> b [ j] ) {
＊
30
t e m p= a [ i] ;
＊
31
a [ i ]= b [ j] ;
＊
32
b [ j ]= t e mp ;
}
＊ ＋ 33
j = j+ 1 ;
}
＊ ＋ 34
i=i+1;
}
}

(b)Comparison
Criteria

Baker’s
Approach

Baxter’s
Approach

Our
Approach

Marked with

+

−

∗

Lines in
clones

20

6

23

Lines in
program

59%

18%

68%

Fig. 14. A complete example and the comparison.

almost can’t be transformed into procedure calls for this example.
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This example clearly shows that our goal in developing a new clone detection
technique that finds more lines of code in clones. As long as the code fragments
can be transformed into calls to a procedure with appropriate parameters, we
consider the code segments as instances of a clone set.

6.3 Comparison with Evans’ Approach
The Asta is an AST-based clone detection which is proposed recently by Evans
et al.[7]. The purpose of Asta is also to find clones for procedural abstraction,
but their viewpoint and method are both different from ours.
The viewpoint of Asta is to find larger clones for procedural abstraction, dissimilarly we find more clones for procedural abstraction that can reduce object
code size. But this task is too heavy, hence we cut the task into two parts, one
is to find all clones that can be transformed into proceural call, another is to
analyze all found clones to produce optimizational procedural calls that can
reduce code size efficiently. The secod part is our current research. It does not
only need to consider the parameters of each procedural call affecting code
size but also need to handle the overlapping of any clones. In Evans’ paper,
they did not describe the effect of parameters and the problem of overlapping
clones.
The method of clone detection of Asta uses very large memory space to build
Q
the candidate patterns set
and clone table in order to save the time complexity of comparing each sub-tree. Inversely the space of our approach just
cost hashed tree and suffix tree, in which the size of each tree is near to parse
tree.

7

Conclusion

In this paper, we discuss the concept of clone detection and procedure abstraction. We develop a new algorithm for clone detection from the viewpoint
for procedure abstraction. Our algorithm consists of three steps: hashing the
parse tree, constructing the suffix tree, and detecting the clones. For the clone
set computed by our technique, each clone class may be transformed into a
procedure, and each clone instance in the clone class may be replaced by a
call to the procedure. We include the application of our approach and the
18

comparison of our approach with the other approaches.
As the writing of this paper, the work on implementing an automatic tool for
applying our new technique on C programs is at its final stage. The tool is
designed to use with the gnu C compiler. Hence, our first direction in the near
future is to finish the work on implementing the tool.
Our other future directions include developing a code size reduction technique
by using automatic procedure abstraction based on the clones found by the
technique presented in this paper. Since the patterns in the clones found may
be very different, it requires further investigation on how to find the most
efficient and effective way to abstract the clones into procedures.
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