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• Program comprehension 

• Software maintenance and evolution 

• Where do we need to change and  
what are going to be affected by the change 

• Shrink the search space of the source code 

• e.g. fault localization, refactoring,  
       code reuse, etc.
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I don’t know!
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• Program slicing: computes a subset of a program such that executing the subset will have the 
same behavior for a slicing criterion 

- Slicing criterion: specified variable at a specified location of interest 

- Trajectory: a sequence of values the slicing criterion has during an execution

"ORBS: Language-independent Program Slicing”, Binkley et al., FSE’14
"Seeing is Slicing: Observation Based Slicing of Picture Description Languages”, Shin et al., SCAM’14



int main() { 
    int sum = 0; 
    int i = 1; 
    while (i < 11) { 
        sum = sum + i; 
        i = i + 1; 
    } 
    printf(“%d\n”, sum); 
    printf(“ORBS: %d\n”, i); 
}  
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• Program slicing: computes a subset of a program such that executing the subset will have the 
same behavior for a slicing criterion 
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checker.java:

1 class checker {
2 public static void main(String[] args) {
3 int dots = 0;
4 int chars = 0;
5 for (int i = 0; i < args[0].length(); ++i) {
6 if (args[0].charAt(i) == ’.’) {
7 ++dots;
8 } else if ((args[0].charAt(i) >= ’0’)
9 && (args[0].charAt(i) <= ’9’)) {

10 ++chars;
11 }
12 }
13 System.out.println(dots); // Slice here
14 System.out.println(chars);
15 }
16 }

reader.c:

1 #include <stdlib.h>
2 #include <stdio.h>
3 #include <locale.h>
4

5 int main(int argc, char **argv) {
6 setlocale(LC_ALL, "");
7 struct lconv *cur_locale = localeconv();
8 if (atoi(argv[1]))
9 {

10 printf("%s\n", cur_locale->decimal_point);
11 }
12 else
13 {
14 printf("%s\n", cur_locale->currency_symbol);
15 }
16 return 0;
17 }

glue.py:

1 # Glue reader and checker together.
2 import commands
3 import sys
4

5 use_locale = True
6 currency = "?"
7 decimal = ","
8

9 if use_locale:
10 currency = commands.getoutput(’./reader 0’)
11 decimal = commands.getoutput(’./reader 1’)
12

13 cmd = (’java checker ’ + currency
14 + sys.argv[1] + decimal + sys.argv[2])
15 print commands.getoutput(cmd)

Figure 1: Example Multi-Language Application
These techniques might also be considered as candidates for the
observation-based slicing we propose and will be discussed in detail.
The comparative study in Section 5 shows that Critical Slicing often
produces incorrect slices (while observation-based slices are always
correct by construction) and observation-based slicing using delta
debugging is too expensive for practical use.

The contributions of this paper are
• A language-independent algorithm, ORBS, for computing

observation-based slices in a serial and a parallel version,
• Empirical studies that demonstrate the application, operation,

and comparability of the approach,
• An in-depth case study that explores and illustrates character-

istics of our approach, and
• A parallelised implementation of ORBS that significantly

decreases the runtime.

checker.java:

1 class checker {
2 public static void main(String[] args) {
3 int dots = 0;
4 for (int i = 0; i < args[0].length(); ++i) {
5 if (args[0].charAt(i) == ’.’) {
6 ++dots;
7 }
8 }
9 }

reader.c:

1 #include <locale.h>
2 int main(int argc, char **argv) {
3 struct lconv *cur_locale = localeconv();
4 {
5 printf("%s\n", cur_locale->decimal_point);
6 }
7 }

glue.py:

1 import commands
2 import sys
3 use_locale = True
4 currency = "?"
5 if use_locale:
6 decimal = commands.getoutput(’./reader 1’)
7 cmd = (’java checker ’ + currency
8 + sys.argv[1] + decimal + sys.argv[2])
9 print commands.getoutput(cmd)

Figure 2: Sliced Example from Fig. 1

2. SLICING DEFINITIONS
Program slicing is classified as either static or dynamic: A static

slice considers all possible executions while a dynamic slice con-
siders specific executions. We will show how to derive observation-
based slicing from the traditional forms of dynamic slicing.

2.1 Traditional Slicing
Static slicing [41] computes a subset of a program such that

executing the subset will have the same behaviour for a specified
variable at a specified location (the slicing criterion) as for the
original program for all possible inputs.

Dynamic slicing [20] uses a specific input and only preserves the
behaviour for that input. Most work on dynamic slicing (e.g., the
work of Agrawal and Horgan [1]) o↵ers only a description rather
than a definition of the term. Thus there exist many di↵erent formu-
lations of dynamic slicing, relating to the particular technique being
reported to compute the slices, rather than to a general definition.
We use a generalised definition of dynamic slicing that involves a
state trajectory and a projection function, PROJ [41]. Informally
each state in a trajectory gives the value of each of the program’s
variables, while the projection function extracts those values relevant
to a slicing criterion. The generalised definition of a dynamic slice
is based on Weiser’s definition of a static slice [41] (additions are
shown in italics). This definition is similar to Korel and Laski’s [20]
definition:

Dynamic Slice: A dynamic slice S of a program P on a slicing
criterion C and for inputs I is any executable program with the
following two properties:

1. S can be obtained from P by deleting zero or more statements
from P.

2. Whenever P halts on input I from I with state trajectory T ,
then S also halts on input I with state trajectory T 0, and
PROJC(T ) = PROJC(T 0), where PROJC is the projection
function associated with criterion C.

110

Purely dynamic
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behaviour for that input. Most work on dynamic slicing (e.g., the
work of Agrawal and Horgan [1]) o↵ers only a description rather
than a definition of the term. Thus there exist many di↵erent formu-
lations of dynamic slicing, relating to the particular technique being
reported to compute the slices, rather than to a general definition.
We use a generalised definition of dynamic slicing that involves a
state trajectory and a projection function, PROJ [41]. Informally
each state in a trajectory gives the value of each of the program’s
variables, while the projection function extracts those values relevant
to a slicing criterion. The generalised definition of a dynamic slice
is based on Weiser’s definition of a static slice [41] (additions are
shown in italics). This definition is similar to Korel and Laski’s [20]
definition:

Dynamic Slice: A dynamic slice S of a program P on a slicing
criterion C and for inputs I is any executable program with the
following two properties:

1. S can be obtained from P by deleting zero or more statements
from P.

2. Whenever P halts on input I from I with state trajectory T ,
then S also halts on input I with state trajectory T 0, and
PROJC(T ) = PROJC(T 0), where PROJC is the projection
function associated with criterion C.
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Purely dynamic
Original Image: Raindrop

Slicing Criteria Rendered Slice

Fig. 3. A picture written using the TikZ/PGF drawing language and three of its slices. Unlike Figure 2, the slice (the source code) is not shown because it
does not easily fit in the figure. The original source and that of the first slice are shown in Figure 4.
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VS ei𝔼
ORBS

• Efficiency: number of observation needed 

• Effectiveness: size of the resulting slice

RQ2. MOAD vs. Static slicing

e4𝔼
Backward element

𝔼e3
Forward dependency

• Difference between slices



• Subject

EVALUATION

Subject SLoC # of statements # of numeric variables

 mbe * 64 45 16

 mug * 61 44 13

 wc  * 46 33 17

 print_tokens 410 388 98

 print_tokens2 387 364 75

 replace 508 465 253

 schedule 283 252 75

 schedule2 276 248 81

 tot_info 314 227 210

 tcas 152 110 62

* "ORBS and the limits of static slicing”, Binkley et al., SCAM’1521

Well-known examples 
where static analysis fails 
to identify dependency



1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

ORBS 1-HOT 2-HOT

RQ1: MOAD VS. ORBS

MOAD with 1-HOT used 

‣ 0.37% of the # of observations 

MOAD with 2-HOT used 

‣ 18.6% of the # of observations 

compared to ORBS.

EFFICIENCY

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

REP SCHD SCHE2 TOT TCAS

106 

105 

104 

103 

102 

101 

100

107 

106 

105 

104 

103 

102 

101 

100

# 
o

b
se

rv
at

io
ns

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

MBE MUG WC PRNT PRNT2

22

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06



1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

ORBS 1-HOT 2-HOT

RQ1: MOAD VS. ORBS

MOAD with 1-HOT used 

‣ 0.37% of the # of observations 

MOAD with 2-HOT used 

‣ 18.6% of the # of observations 

compared to ORBS.

EFFICIENCY

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

REP SCHD SCHE2 TOT TCAS

106 

105 

104 

103 

102 

101 

100

107 

106 

105 

104 

103 

102 

101 

100

# 
o

b
se

rv
at

io
ns

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

MBE MUG WC PRNT PRNT2

22

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06



1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

ORBS 1-HOT 2-HOT

RQ1: MOAD VS. ORBS

MOAD with 1-HOT used 

‣ 0.37% of the # of observations 

MOAD with 2-HOT used 

‣ 18.6% of the # of observations 

compared to ORBS.

EFFICIENCY

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

REP SCHD SCHE2 TOT TCAS

106 

105 

104 

103 

102 

101 

100

107 

106 

105 

104 

103 

102 

101 

100

# 
o

b
se

rv
at

io
ns

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

MBE MUG WC PRNT PRNT2

22

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+00

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06

1E+01

1E+02

1E+03

1E+04

1E+05

1E+06



0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

RQ1: MOAD VS. ORBS

EFFECTIVENESS

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

REP SCHD SCHE2 TOT TCAS

Sl
ic

e 
si

ze

2-HOT
1-HOT

𝕆 𝕃 𝔹

23

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

MBE MUG WC PRNT PRNT2
0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %



0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

RQ1: MOAD VS. ORBS

EFFECTIVENESS

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

REP SCHD SCHE2 TOT TCAS

Sl
ic

e 
si

ze

2-HOT
1-HOT

𝕆 𝕃 𝔹

23

For deletion generation scheme, 

‣ 2-HOT < 1-HOT.

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

MBE MUG WC PRNT PRNT2
0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %



0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

For inference model, 

‣  < , 𝕆 𝕃 𝔹

RQ1: MOAD VS. ORBS

EFFECTIVENESS

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

REP SCHD SCHE2 TOT TCAS

Sl
ic

e 
si

ze

2-HOT
1-HOT

𝕆 𝕃 𝔹

23

For deletion generation scheme, 

‣ 2-HOT < 1-HOT.

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

MBE MUG WC PRNT PRNT2
0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %



0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

For inference model, 

‣  < , 𝕆 𝕃 𝔹

RQ1: MOAD VS. ORBS

EFFECTIVENESS

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

REP SCHD SCHE2 TOT TCAS

Sl
ic

e 
si

ze

2-HOT
1-HOT

𝕆 𝕃 𝔹

23

For deletion generation scheme, 

‣ 2-HOT < 1-HOT.

MOAD with 2-HOT,  generate 

‣ 12% larger slices 

compared to ORBS.
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EFFECTIVENESS

For deletion generation scheme, 

‣ 2-HOT < 1-HOT.

MOAD with 2-HOT,  generate 

‣ 12% larger slices 

compared to ORBS.

𝕆

RQ1: MOAD VS. ORBS
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 USING (2-HOT, ONCE SUCCESS), MOAD REQUIRES  20% OBSERVATIONS THAN ORBS.  
AT THE SAME TIME, THE SLICE IS ONLY 12% LARGER THAN ORBS.

<
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# of Lines 
(min-max)

Miss Excess

3 small Siemens 3 small Siemens

Backward 0–3 8–24 0–1 9–79

Forward 0–0 0–6 0–1 7–37

• Static analysis tool: CodeSurfer from Grammatech 

• Miss: # of lines only in the MOAD SLICE 

• Excess: # of lines only in the STATIC SLICE

RQ2: MOAD VS. STATIC SLICER
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