
slicing
The concept of slicing was introduced over two decades ago. With an initial program behavior 
(a variable associated with a particular statement), slicing reduces the program to a minimal 
form which still produces that behavior. Code not associated with the behavior is ignored, and 
the reduced program is termed a slice.

Slicing is based on the flow of information through a program. A slice of code with respect to a 
statement S and a variable v consists of those statements of the program that might affect the 
value of v at statement S. If the variable v in the output statement S contains an incorrect value, 
then the slice on v at S will contain the program fault causing the incorrect output value. This is 
true because program failures are indications of program faults and a slice on variable v with 
respect to statement S contains all statements that might affect the value of v at S. This is known 
as the slicing criterion, and is often denoted {S, v}. 

Dicing is the process of subtracting a slice on one set of variables at a statement from a second 
set of variables at the same or another statement. Slicing and dicing are code reduction 
methods. Some programming structures are more difficult to slice than others. Unstructured 
control-flow, e.g. goto statements are difficult, as are statements involving indirection, such as 
pointers. 

There are several variations on slicing. Backward slicing is probably the most intuitive form of 
slicing. Here the slice is computed by working backwards from the point of interest finding all 
statements that can affect the specified variables at the point of interest and discarding all other 
statements. Forward slicing is the reverse of this. Here we work forward from the point of 
interest, identifying those statements that can be affected by changes to the specified variables. 
Chopping is another form of slicing which integrates both backward and forward slicing. Here 
two points of interest are chosen and the slice consists of those statements that allow a change 
from the source to the target. Backward slicing can assist in locating the parts of a program 
which contain an error, while forward slicing is used to predict the parts of a program that will be 
affected by a code modification.

In addition there are different strategies for calculating the slice, divided basically into static and 
dynamic slicing. Static slicing implies examining the code without actually running the program 
in question. Dynamic slicing analyses the code while the program is running using specific 
input. Most forms of slicing are syntax preserving. This implies that they leave the syntax of the 
original program intact, and simply remove statements to create a program slice. 

An example of slicing

Consider the following example:

! 1! #include <stdio.h>
! 2! #include <math.h>
! 3
! 4! int main(void)
! 5! {



! 6!     double a, b, c, d, x1, x2;
! 7! !     
! 8!     // Read input data
! 9!     printf("Enter the variables for the quadratic: ");
! 10!     scanf("%lf %lf %lf", &a, &b, &c);
! 11
! 12        // Perform calculation
! 13!     d = sqrt(b * b - 4. * a * c);
! 14!     x1 = (-b + d) / (2. * a);
! 15!     x2 = (-b - d) / (2. * a);
! 16
! 17!     // Display output
! 18!     printf("\nx1 = %12.3e x2 = %12.3e\n", x1, x2);
! 19
! 20!     return 0;
! 21! }

Now we want to calculate a backward slice on the criterion {18, x2}. Statement 18 is a special 
case because the value of the variable x2 is not actually modified. Working backwards: 
Statement 15 modifies x2, but statement 14 does not, therefore we add 15 to the slice, but 
remove 14. The value of d, calculated in statement 13, is used in statement 15, so this is also 
included in the slice. All three values input in statement 10 are used, as is statement 6. 
Statement 9 can be removed  since it does not affect any of the variables in the program. The 
resulting slice (ignoring the core elements, (6 lines) of the program) therefore becomes:

6! double a, b, c, d, x1, x2;
10! scanf("%lf %lf %lf", &a, &b, &c);
13! d = sqrt(b * b - 4. * a * c);
15! x2 = (-b - d) / (2. * a);
18! printf("\nx1 = %12.3e x2 = %12.3e\n", x1, x2);

An example of backward slicing

For another example1 of backward slicing, consider the C program fragment:

1! i = 10;
2! j = 12;
3! s = i / log(j);
4! t = s * j;
5! s = sqrt(i) + sqrt(j);

Now we want to calculate a backward slice on the criterion {5, s}, which is shown below:

1! i = 10;
2! j = 12;
5! s = sqrt(i) + sqrt(j);

Dissecting this slice, it is easy to see that statement 4 cannot effect the value of s, so it is 
excluded from the slice. Statement 3 also has no effect upon the value of s, because although 

1 Some of the examples used here were derived from “Carving up bugs” by Mark Harman.



this statement revises the value of s, the value assigned is replaced in statement 5, essentially 
discarding the intermediary value. However, if we change statement 3 in the original fragment:

1! i = 10;
2! j = 12;
3! s = i / log(++j);
4! t = s * j;
5! s = sqrt(i) + sqrt(j);

We now have to include statement 3 in the program slice, because the value of the variable j is 
altered in the shorthand ++j (i.e. increase the value of j by 1, then calculate the log of this new 
value. The new slice would now look like:

1! i = 10;
2! j = 12;
3! s = i / log(++j);
5! s = sqrt(i) + sqrt(j);

An example of forward slicing

When changes are made to a program these changes can have a ripple effect through the 
program, possibly leading to unforeseen side effects and potential defects. This is where 
forward slicing plays a role in tracing these ripples to establish the regions of a program that the 
changes will affect. Consider the following code, where a change is to be made in statement 2:

1! u = 6.7;
2! v = 4.1;
3! t = u * v;
4! alpha = exp(t);
5! if (t != 0)
6!     alpha = sqrt(v);

Statement 2 assigns a value to the variable v. Any ensuing part of the program which relies of 
the value of v may behave differently after v is modified. The forward slice is given below:

3! t = u * v;
5! if (t != 0)
6!     alpha = sqrt(v);

Statement 6 is included in the slice, as its execution is controlled by the logical expression t != 0, 
which is affected by the slicing criteria.

An example of static slicing

In static slicing, the slicing criterion contains no information about the actual dynamic state of 
the program, so the slice represents the code for every possible execution pattern. Consider the 
following program to calculate the factorial, i.e. n!, and sum of a series of number:

1! scanf(“%d”, &n);



2! fact = 0;
3! sum = 0;
4! while (n > 1)
5! {
6!     fact = fact * n; 
7 !     sum = sum + n;
8!     n = n – 1;
9! }
10! printf(”%d %d”, sum, fact);

The problem with this program is that the sum is always found to be zero. To locate the cause of 
this problem, we investigate a static slice of the form {6, fact}. The static slice is:

1! scanf(“%d”, &n);
2! fact = 0;
4! while (n > 1)
5! {
6!     fact = fact * n; 
8!     n = n – 1;
9! }

This shows that fact should be initialized to 1 rather than 0.

An example of dynamic slicing

It is more often the case where a program will be executed one or more times during the testing 
phase (or so we would hope!). Instead of using a static slice, it would make more sense to  
construct a slice which takes advantage of the dynamic nature of input. A dynamic slice is 
constructed using the information from a static slice, in conjunction with information on a 
particular execution pattern. A dynamic slice of code with respect to a statement S, a variable v, 
and input i, consists of those statements of the program that might affect the value of v at 
statement S using input i. This is known as the dynamic slicing criterion, and is often denoted {S, 
v, i}. Consider the dynamic slicing criterion for the example shown in the previous section: {10, 
fact, n=1}, and the corresponding dynamic slice:

1! scanf(“%d”, &n);
2! fact = 0;
10! printf(”%d %d”, sum, fact);

It turns out that the loop on line 4 is never entered, so the value of fact relates to the values it was 
initialized with, which is zero. Of course 1! = 1, so the error can be identified much more quickly. 
Consider another program fragment:

1! m = 1.0;
2! scanf(“%d”, &n);
3! if (n%2 == 0)
4!     m = m + n/2.0;
5! else
6!     m = m - n/2.0;
7! printf(“%f”, m);



The dynamic slice for criterion {7, m, n=2} is:

1! m = 1.0;
2! scanf(“%d”, &n);
3! if (n%2 == 0)
4!     m = m + n/2.0;
7! printf(“%f”, m);

The dynamic slice for criterion {7, m, n=3} is:

1! m = 1.0;
2! scanf(“%d”, &n);
3! if (n%2 == 0)
5! else
6!     m = m - n/2.0;
7! printf(“%f”, m);


