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Incremental Code Clone Detection

Using Program Dependency Graph

YOSHIKI HIGO ,†1 YASUSHI UEDA ,†1 MINORU NISHINO †1

and SHINJI KUSUMOTO†1

Incremental code clone detection attracts much attention in the last few years. In incre-
mental detections, code clone detection results persist by using databases, and it is used in
next code clone detection. However, no incremental detection technique has been proposed
for PDG-based detection, which requires much more time to detect code clones than line-
or token-based detection. In this paper, we propose a PDG-based incremental code clone
detection technique for improving practicality of PDG-based detection. A prototype tool
has been developed based on the proposed method, and it has been applied to open source
software. We confirmed that detection time extremely shortened and its detection result is
almost the same as one of an existing PDG-based detection technique.
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Program Dependency Graph PDG
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1: int fibonacci(int n){

2: int value = -1;

3: if (n <= 0) {

4: System.out.println(

"Illegal parameter");

5: } else if (n == 1 || n == 2) {

6: value = 1;

7: } else {

8: value = fibonacci(n - 2) +

fibonacci(n - 1);

9: }

10: return value;

11: }
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(b) PDG
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Fig. 1 PDG Example
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Fig. 2 Overview of the Proposed Method
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g := (e1,e2, · · · ,en)
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3 1 PDG
Fig. 3 Edge trees generated from a PDG

t e

e = (v1,v2, t)

3 ( ) e1 = (v1,v2, t1) e2 = (v3,v4, t2) 2

incident(e1,e2) := (v1 = v3 ∧ v2 �= v4)∨ (v1 = v4 ∧ v2 �= v3)

∨(v2 = v4 ∧ v1 �= v3)∨ (v2 = v3 ∧ v1 �= v4)

e1 e2 1 incident(e1,e2)

4 ( ) �1 ei e j

ei e j

PAT HS(ei,e j)

5 ( ) g= {e1,e2, · · · ,en}
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3 1 PDG

3 e1 3

1

6 ( ) T REES(g) g

7 ( ) treepath(t,e) t

e

4 7 1

1 er t

treepath(t,e) ∈ PAT H(er,e)

PAT H(er,e) �= φ
1 1

8 ( ) 2 e1 = (v1,v2, t1) e2 = (v3,v4, t2)

e1 ≡ e2 := (t1 ≡ t2)∧ (v1 ≡ v3)∧ (v2 ≡ v4)

e1 e2 t1 ≡ t2 v1 ≡ v2

v1 v2

8

9 ( ) 2 p1 =(e1,e2, · · · ,en)

p2 = ( f1, f2, · · · , fm)

p1 ≡ p2 := (|p1|= |p2|)∧∀i(ei ≡ fi)

p1 p2

p1 p2

10 ( ) 2 t1 ∈T REES(g1) t2 ∈ T REES(g2)

g |g|
t1 ≡ t2 := (|g1|= |g2|)∧∃(e1,e2, · · · ,e|g1|)∃( f1, f2, · · · , f|g2|)∀k(

[

1≤i≤|g1|
{ei}= g1

∧
[

1≤ j≤|g2|
{w j}= g2 ∧ treepath(t1,ek)≡ treepath(t2, fk))

t1 t2 t1
t2 t2

t1

11 ( ) g1 g2 s1 s2

s1 s2

clonepair(s1,s2) := (s1 ∩ s2 = φ)∧∃t1∃t2(t1 ∈ T REES(s1)∧ t2 ∈ T REES(s2)∧ t1 ≡ t2)

11

12 ( )

out putclonepair(s1,s2) := clonepair(s1,s2)∧¬∃(s′1,s′2)(clonepair(s′1,s
′
2)∧ s1 ⊂ s′1 ∧ s2 ⊂ s′2)

out putclonepair
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Algorithm 1

Algorithm 1 detect (m)
Input: m:

Output: C: m

1: C ← φ
2: for all e1 such that e1 ∈ m do

3: for all e2 such that e2 ≡ e1 ∧ e2 �= e1 do

4: C ←C∪ create(e1,e2,φ)
5: end for

6: end for

7: return C

1 C

2 m 1

e1 ID

3 e1 e2

1

4 e1 e2 create

C

Algorithm 2 create (e1, e2, U)
Input: e1, e2: , U :

Output: (S1,S2): u1 ∈ S1 u2 ∈ S2 out putclonepair

1: (S1,S2)← ({e1},{e2})
2: U ←U ∪{e1,e2}
3: for all ex such that incident(e1,ex)∧ ex �∈U do

4: for all ey such that ex ≡ ey ∧ incident(e2,ey)∧ ey �∈U do

5: (Sx,Sy)← create(ex,ey,U)

6: (S1,S2)← (S1 ∩Sx,S2 ∩Sy)

7: end for

8: end for

9: return (S1,S2)

create Algorithm 2

create

1 e1 e2

S1 S2

2 2

3 e1 1

ex

4 e2 ex 1

ey

5 ex ey

create
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10,000 PDG

MASU13)

Java PDG

PDG

13 (PDG ) s1 s2 v1 v2

PDG

v1 ≡ v2 := normalize(s1) = normalize(s2)

normalize

PDG

MD5 2

e (v1,v2, t) e v1, v2,

t MD5
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A

B PDG

:

CPU Intel Xeon E5405 (quad-core, 2.0GHz)

Memory 8GB

OS Windows 7 Enterprise (64bit)
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Fig. 4 Elapsed time to detection for every revision
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Table 1 Detection time in Context 2
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Fig. 5 Detection time for every source files of the latest revision
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1

IT

(A)( :21240002) ( :23650014)

(B)( :22700031)

2

Table 2 Precision and recall of the proposed method

good ok
0.922 0.970
0.990 1.000
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