Unravel: A CASE Tool to

Assist Evaluation of

High Integrity Software

Volume 2: User Manual

James R. Lyle

Dolores R. Wallace

James R. Graham

Keith B. Gallagher

Joseph P. Poole

David W. Binkley

U.S. DEPARTMENT OF COMMERCE

Technology Administration

National Institute of Standards

and Technology

Computer Systems Laboratory

Gaithersburg, MD 20899

Unravel: A CASE Tool to

Assist Evaluation of

High Integrity Software

Volume 2: User Manual

James R. Lyle

Dolores R. Wallace

James R. Graham

Keith B. Gallagher

Joseph P. Poole

David W. Binkley

U.S. DEPARTMENT OF COMMERCE

Technology Administration

National Institute of Standards

and Technology

Computer Systems Laboratory

Gaithersburg, MD 20899

August 8, 1995

DOC Seal

U.S. DEPARTMENT OF COMMERCE

Ronald H. Brown, Secretary

TECHNOLOGY ADMINISTRATION

Mary L. God, Under Secretary for Technology

NATIONAL INSTITUTE OF STANDARDS

AND TECHNOLOGY

Arati Prabhaker, Director

Unravel: A CASE Tool to Assist Evaluation

of High Integrity Software

Volume 2

Abstract

This is the second volume of a two volume report on unravel, a Computer Aided Software

Engineering (CASE) tool for software written in ANSI C, that can assist evaluation of high

integrity software by using program slices to extract computations for examination. In this

volume, we provide a user manual for unravel. This manual is intended to provide the user with

enough information to use unravel without any other reference. To this end, a brief simplified

description of program slicing is provided in addition to a tutorial example and a detailed

description of unravel operation. This user manual also discusses limitations of unravel and

how to deal with code containing extensions to ANSI C that would inhibit the correct operation

of unravel.

Certain trade names and company products are mentioned in the text or identified. In no

case does such identification imply recommendation or endorsement by the National

Institute of Standards and Technology, nor does it imply that the products are necessarily

the best available for the purpose.

Trademarks

UNIX is a trademark of UNIX System Laboratories, Inc. The X Window System is a trademark of M. I. T. iii

iv

Contents

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Unravel Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2.1 Program Slicing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2.1.1 Creating a Flow-Graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2.1.2 Computing Program Slices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 2.1.3 Slicing Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2.2 Unravel Architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2.3 Operational Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.4 Tutorial Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2.4.1 Orientation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2.4.2 Slice Criteria Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2.4.3 Setting Source Directory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2.4.4 Executing Unravel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2.4.5 Executing the Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 2.4.6 Analysis Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 2.4.7 Using the Slicer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 2.4.7.1 Selecting a Program to Slice . . . . . . . . . . . . . . . . . 18 2.4.7.2 Executing the Slicer . . . . . . . . . . . . . . . . . . . . . . . 19 2.4.8 Exiting Unravel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3 Operating Unravel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.1 Using The Interface Control Panels . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.1.1 Using a Mouse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.1.2 Display Label . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 3.1.3 Button . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 3.1.4 Pull Down Menu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 3.1.5 Pop-up List . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 3.1.6 Text Input Window . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 3.1.7 Scroll Bar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 3.1.8 Text Window . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 3.2 User Interface Control Panels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 3.2.1 Main Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 3.2.2 Analyzer Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.2.3 Selection Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.2.4 Slice Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.2.5 Help/History Pop-up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4 Solving Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.1 Source Code Not ANSI C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.1.1 Additional Data Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.1.2 Additional Data Attributes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.1.3 Preprocessor Extensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2 Ambiguous procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2.1 Separate Directories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2.2 One at a Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

5 Unravel Limitations and Assumptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.1 Casts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.2 Address Operator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.3 Pointers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

5.4 Unions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

5.5 Goto and Branch Statements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

5.6 Libraries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

Appendix A: Unravel Quick Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

List of Tables

2-1:PlannedSlices

................................................. 15 3-1:OperationDescription

............................................ 36

List of Figures

2-1: Slicing Example 1 flavors.c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5 2-2: Unravel Slicing Example 1 Flow Graph. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6 2-3: Slicing Example 1 Data-Flow Sets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9 2-4: Slicing Example 1 Active Sets For S<18,sweet>. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2-5: Unravel Structure Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2-6: Unravel Operation Checklist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2-7: Slicing Example 2 refinery.h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2-8: Slicing Example 2 input.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2-9: Slicing Example 2 cool.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 2-10: Slicing Example 2 pressure.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 2-11: Slicing Example 2 refinery.c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 2-13: Initial Main Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 2-14: Initial Analyzer Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2-15: Analyzer Control Panel During Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2-16: Main Control Panel After Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 2-17: Selection Control Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 2-18: Slice on pump_ok .............................................. 22 2-19:Sliceon level_ok

............................................... 23 2-20:IntersectionofSlicesonpump_okandlevel_ok

.......................... 24 2-21:Sliceona_dump

............................................... 25 4-1:AmbiguousExample

............................................. 40 A-1:UnravelOperationChecklist

....................................... 45

1 Introduction

This volume describes the operation of version 2.1 of the program slicing tool, unravel,

developed by the National Institute of Standards and Technology (NIST). Development of

unravel was funded by both the United States Nuclear Regulatory Commission (NRC) and the

National Communications System (NCS) under contracts RES-92-005, FIN #L24803, and

DNRO46115, respectively. The tool can be used to compute program slices of programs written

in ANSI C.

Program slicing can be used to transform a large program into a smaller one containing only

those statements relevant to the computation of a given variable. Program slices aid program

debugging, program maintenance, program understanding, and automatic integration of program

variants.

The users of unravel are assumed to have a working knowledge of computers and ANSI C, but

they may not be familiar with UNIX, POSIX

†

or program slicing.

Unravel is intended to support the understanding and evaluation of software by allowing the user

to investigate a program through program slices.

To achieve the goal of making unravel a portable and easy to use slicing tool, the following

general requirements were met:

• The user must be able to execute unravel with minimal knowledge of the platform on

which it resides.

• The user must be able to interactively specify criteria for computing program slices.

• The user must be able to view program slices on-screen.

• The user must be able to perform logical set operations (e.g., intersections) on program

slices.

• The user must be able to use unravel without needing to understand the intrinsics of the

program; hence a user manual and user interface must contain all operational information.

• The implementation must comply with standards for operating system interface POSIX,

ANSI C, and the X Window System.

†

POSIX, Portable Operating Systems, FIPS 151-2 (ISO/IEC 9945-1).

Section 2 explains program slicing and gives an example of using unravel to examine a small

program. Details of unravel operation are given in section 3. Section 4 discusses using unravel

on non-ANSI C programs. The limitations of unravel and assumptions about source code to be

analyzed are discussed in section 5.

2 Unravel Description

Unravel is a tool for program understanding that uses program slicing to identify statements

relevant to some computation. This section describes program slicing, the software architecture

of unravel, a scenario for using unravel, and presents a detailed example of using unravel. The

description of program slicing is a simplified discussion of the theory followed by an example

illustrating the steps in computing a program slice.

Some terminology about programs and program components needs to be clearly defined so that

the reader understands how unravel views an ANSI C program. It is important to understand

that unravel sees a program as a collection of procedures executed as a unit. A program has one

main procedure (called main) and some number of other procedures that are arbitrarily grouped

in one or more source files.

Source Program Statement: A statement written in a programming language. Statements

may be declarations, that define data types and variables, or executable, that specify some

action.

Procedure: A named set of source program statements, possibly with parameters, that

performs some action. Functions and subroutines are considered procedures.

Source Program File: A file containing source program statements for zero or more

procedures and declarations. A source program file is also called a module.

C Preprocessor: A standard part of any ANSI C compiler used to process preprocessor

directives identified by a pound sign (#) as the first non-blank character on a line.

Preprocessor directives are used to define constants, insert include files, select statements

for conditional compilation and define source macros.

Include File: A source file, specified by a #include directive, that the C preprocessor

inserts in the compilation of another source file. By convention, an include file name

should end in .h and should contain only declarations and C preprocessor directives; it

should not contain procedures or parts of procedures.

Program: A main procedure and the set of procedures called transitively by the main

procedure.

Source Program: The set of source program files and include files that define all the

procedures of a program. When a source program is compiled and linked, an executable

program is produced.

2.1 Program Slicing

Program slicing is a family of program decomposition techniques based on extracting statements

relevant to a computation in a program. A slice is a smaller program that reproduces a subset

of the original program’s behavior. This is advantageous since the slice can, by excluding

irrelevant statements, collect an algorithm for a given calculation that may be scattered

throughout a program. It is easier for a programmer interested in a subset of the program’s

behavior to understand the corresponding slice than to deal with the entire program. The utility

and power of program slicing comes from the potential automation of tedious and error prone

tasks. Research on program slicing is being conducted on program debugging, program testing,

program integration, parallel program execution and software maintenance. Several variations on

this theme have been developed, including program dicing, dynamic slicing and decomposition

slicing.

An informal definition of a program slice (taken at statement n on variable v) is all statements

that might affect the value that v has just before control reaches statement n. A slicing criterion

defines the starting place for a program slice. It is composed of the statement n and the variable

v. Statements are included in a program slice with either a direct influence or an indirect

influence on the criterion variable. A statement assigning a value to a variable that could

influence the value of the criterion variable at the criterion statement is a direct influence. A

compound statement (e.g., for or while) that controls execution of another statement included in

the slice is an indirect influence.

This is not intended to be a complete discussion of program slicing but, an overview to give the

user insight into the behavior of unravel. Some language features such as pointers and procedure

calls introduce complications that would require lengthy discussion.

2.1.1 Creating a Flow-Graph

To compute program slices, a program is first represented as a flow-graph of nodes annotated

with lists of variables assigned a value or used at each node and directed edges indicating

control-flow. A flow-graph node roughly corresponds to an executable statement, however some

statements such as a for statement are divided into several nodes to represent the various parts

of the for statement that do control variable initialization, loop termination testing and control

variable modification. The edges of the flow-graph connect each node, n, to the nodes

(statements) that could be executed after n. An example program is presented in Figure 2-1 with

the corresponding flow-graph in Figure 2-2 and the node number to line number mapping in

Figure 2-3. To understand the basics of transforming a program into a flow-graph here are the

rules to follow for programs composed only of assignment statements, if statements and while

statements. The flow-graph is composed of nodes that represent the statements and edges that

represent execution flow between pairs of statements.

• Each statement is represented by one or more flow-graph nodes. If the statement

generates more than one node then one node will be designated the entry node and one node designated the exit node. The entry and exit nodes are used to connect directed

edges to the entry and exit nodes of other statements.

• An assignment statement is represented by a single node. The node functions as both

entry and exit. An edge connects the node to the entry node of the next statement. An

edge connects the exit node of the previous statement to the assignment statement node.

• In addition to the nodes representing the body, an if statement without an else part is

represented by two nodes; an if statement with an else needs three nodes. The entry node

represents the if and conditional expression and is connected to the entry node of the

statement in the then part of the if. The exit node of the then part is connected to a

separate exit node created for the if statement. If there is an else part, the if statement

entry node connects to a third node that represents the else keyword. The else node

connects to the entry node of the statement in the else part. The exit node of the else part

connects to the if statement exit node. The exit node of the if statement connects to the

entry node of the next statement. The exit node of the previous statement connects to the

if statement entry node.

• A while statement is represented by two nodes, an entry node representing the while

(condition) and an exit node. The entry node is connected to the entry node of the loop

body and to the exit node of the while. The exit node of the loop body is connected to

the entry node of the while. The exit node of the previous statement connects to the

while statement entry node.

1 main()

2 {

3 int red, green, blue, yellow;

4 int sweet,sour,salty,bitter;

5 int i;

6

7 red = 1;

8 blue = 5;

9 green = 8;

10 yellow = 2;

11

12 red = 2*red;

13 sweet = red*green;

14 sour = 0;

15 i = 0;

16 while ( i < red) {

17 sour = sour + green;

18 i = i + 1;

19 }

20 salty = blue + yellow;

21 yellow = sour + 1;

22 bitter = yellow + green;

23

24 printf ("%d %d %d %d\n",

25 sweet,sour,salty,bitter);

26 exit(0);

27 }

Figure 2-1: Slicing Example 1 flavors.c

1

2

6

8

9

10

13

12

3

4

5

7

20

19

18

17

16

15

11

14

Figure 2-2: Unravel Slicing Example 1 Flow Graph

2.1.2 Computing Program Slices

A program slice is computed for a given slicing criterion from an annotated flow-graph. These

annotations include variables referenced and defined at each flow-graph node and the active

variable set. The active set is the set of variables that the criterion variable depends on just

before program execution reaches the associated node.

A program can be represented by a flow-graph annotated by variables referenced and defined at

each flow-graph node. A program slice can be computed on a program for a given slicing

criterion with the help of one more annotation to the flow-graph, called the active variable set

or active set. The active set is the set of variables that the criterion variable depends on just

before program execution reaches the associated node.

The computation begins with all the active sets except for the active set for the slicing criterion

statement initialized to the empty set. The active set for the criterion statement is initialized to

the criterion variable. The slice is computed by propagating active sets across flow-graph nodes

until the active sets stabilize (i.e., stop changing). Computation of the active set for an arbitrary

node, n, is controlled by comparing variables defined at node n with the active sets of immediate

successor nodes by the following rules:

1. If none of the immediate successor active sets contain a variable defined at node n, then

node n is not in the slice unless it is part of a compound statement controlling execution

of other statements included in the slice. The active set of node n is the union of the

immediate successor active sets.

2. If node n assigns a value to a variable that is a member of the active set of some

immediate successor of n, then node n is included in the slice. The active set for node

n is the set of variables referenced at node n unioned with the union of immediate

successor active sets without the variable assigned.

When a statement is included in a slice that is part of a compound statement such as if or while,

the framework of the compound statement is included in the slice and any variables used in a

controlling condition are added to the active set of the compound statement.

To summarize the algorithm for computing a slice:

1. Create the flow-graph.

2. Select slicing criterion.

3. Set active set for criterion location to the criterion variable.

4. Propagate active sets over the entire flow-graph until no changes occur.

7

5. A statement is included in the slice if it changes the active set or is a compound statement

containing a statement in the slice.

2.1.3 Slicing Example

Figure 2-3 presents the data-flow sets annotating the flow-graph from Figure 2-2 used in

computing program slices on the program of Figure 2-1. The columns labeled Node and Succ

(successor) represent the flow-graph of the program. The columns labeled Refs and Defs contain

the variables referenced and assigned-to (defined) at each node. The column labeled Req is the

required set for the node, used to list other nodes that are required by any slice containing the

given node. The required set is used to capture both syntactic relations such as the inclusion of

the opening and closing program braces (nodes 2 and 20), and control relations of if, while and

other compound statements (e.g., node 12 at line 17 requires node 11, the while on line 16).

For example, suppose we want to know how the value of the variable sweet printed at line 25

of Figure 2-3 is computed. The specification of a slicing criterion requires a variable and a node

in the flow-graph. Node 18 corresponds to the printf statement at line 25, therefore, the criterion

would be S

<18,sweet>

. The active set for node 18 is initially {sweet}. Since nodes 9 through 18

do not assign a value to sweet no changes take place to the active set as it is propagated

backward, and these nodes are not included in the slice. Node 8 assigns a value to sweet based

on red and green and so node 8 (line 13) is included in the slice and sweet is replaced in the

active set by red and green at node 8. Node 7 is included in the slice because the active

variable red is assigned a value, however the active set does not really change with red being

replaced by red. At node 3, red is assigned a constant value and the node is added to the slice

and red is dropped from the active set. Node 5 is included in the slice and green is dropped

from the active set since green is assigned a constant value at node 5. The active sets are

summarized in Figure 2-4. The slice is now complete except for some syntactic dependencies

(nodes 1, 2 and 20) that are captured by the requires set.

8

Line Statement Node Succ Req Defs Refs

1 main() 1 2 -- -- --

2 { 2 3 1,20 -- --

7 red = 1; 3 4 2 red --

8 blue = 5; 4 5 2 blue --

9 green = 8; 5 6 2 green --

10 yellow = 2; 6 7 2 yellow --

12 red = 2*red; 7 8 2 red red

13 sweet = red*green 8 9 2 sweet red,green

14 sour = 0; 9 10 2 sour --

15 i = 0; 10 11 2 i --

16 while ( i < red) { 11 12,14 2,14 -- i,red

17 sour = sour + green; 12 13 11 sour sour,green

18 i = i + 1; 13 11 11 i i

19 } 14 15 -- -- --

20 salty = blue + yellow; 15 16 2 salty blue,yellow

21 yellow = sour + 1; 16 17 2 yellow sour

22 bitter = yellow + green; 17 18 2 bitter yellow,green

24 printf ("%d %d %d %d\n", 18 19 2 -- sweet,sour

25 sweet,sour,salty,bitter); salty,bitter

26 exit(0); 19 -- -- -- --

27 } 20 -- --

Figure 2-3: Slicing Example 1 Data-Flow Sets

9

Line Statement Active Node

1 main() 1

2 { 2

7 red = 1; 3

8 blue = 5; red4

9 green = 8; red5 10 yellow = 2; red,green6 12 red = 2*red; red,green7 13 sweet = red*green;red,green8 14 sour = 0; sweet9 15 i = 0; sweet10 16 while ( i < red) {sweet11 17 sour = sour + green;sweet12 18 i = i + 1; sweet13 19 } sweet14 20 salty = blue + yellow;sweet15 21 yellow = sour + 1;sweet16 22 bitter = yellow + green;

sweet17 24 printf ("%d %d %d %d\n", sweet18 25 sweet,sour,salty,bitter); 26 exit(0); 19 27} 20

Figure 2-4: Slicing Example 1 Active Sets For S <18,sweet>

2.2 Unravel Architecture

Thissectiondescribesthesoftwarearchitectureof unravel. Unravel operatesonthesourcefiles fromasingledirectory. Figure2-5presentsanoverviewof unravel. Thecirclesrepresentfiles andtheboxesrepresentprocessingsteps. Sourcefilesaretransformedtocorresponding language

independent format (LIF)filesbytheanalyzer. TheLIFfilesforagivenprogramarebound

togetherbythe linker intoasingle link file. Thelinkfileistheprimaryinputtotheslicer. To 10

use unravel, the source program files must first be analyzed and linked. A window based user

interface gives the user of unravel access to these components and helps manage the results.

Source

File

Source

File

Linked

LIF code

Analyzer

LIF Code

LIF Code

Linker Slicer

Figure 2-5: Unravel Structure Overview

2.3Operational Scenario

This section is a tutorial talking a user through an example of using unravel. The two most important steps for using unravel successfully take place before unravel is executed. The user should have a general understanding of the architecture of the source code in order to select slicing criteria that can provide relevant information. Figure 2-6 presents an operational checklist that serves as an overview and guide to unravel operation. The figure is repeated in Appendix A for quick reference. The steps to using unravel follow.

1. Receive orientation to source code. Determine all the source files and #include files

that make up the program. The unravel user should have a general idea about global variables, procedures and program structure in the source code.

2. Select slicing criteria. The unravel user should develop a list of questions about the

source code that can be answered by program slicing. For each planned slice, the user should note the file name and line number where the slice should be computed along with the file name, where the variable of a slicing criterion is declared. For local variables, the procedure where the local variable is declared is needed for specifying the slicing criterion.

3. Make the directory containing the program to analyze the current directory.

4. Execute the command: unravel. The unravel command displays a control panel called

the Main Control Panel.

11

1 Orientation Examine program structure

2 Select Slices Plan slices to compute

3 cd to source directory Make source code directory current

4 UnravelExecute unravel

5 Analyzer Click on RunAnalyzer

Select Files Select files to analyze

Analyze Click on AnalyzeSelectedFiles

Exit Click on Exit to return to MainControlPanel

6 Review ResultsExamine LastAnalysis in ReviewHistory menu

Navigate Use scroll bar to navigate

Done Click on Done to exit

7 Slicer Click on RunSlicer

Select VariableUse Select menu to pick variable

Select LocationClick on criterion location to do slice

Navigate Use scroll bar to examine source code

Operations Use Operations menu to combine slices

Exit Click on Exit to return to Main Control Panel

8 Exit Click on Exit to stop unravel

Figure 2-6: Unravel Operation Checklist

5. Click on the Run Analyzer button from the Main Control Panel. Thisdisplaysthe

Analyzer Control Panel. Select source files to analyze, then click on the Analyze Selected Files buttontoanalyzeeachsourcefile inturn. Amessageisdisplayedifany

sourcefilesarenotANSIC. Clickonthe Exit Analyzer buttontoreturntothe Main

Control Panel.

6.Reviewanalysisresults. The Last Analysis entry of the Review History menuofthe

Main Control Panel pops-upasummaryofeachanalysis. Ifanysourcefilesarenot

ANSIC,anerrormessageidentifiestheproblemlocation. Thesourcefileneedstobe brought into conformance with ANSI C by changing the source file and running the analyzeragain. 12

7. Click on the Run Slicer button. Ifthereismorethanoneprogramthe Selection Control

Panel is displayed; click on the desired program to start the slicer on the selected

program. Ifthereisonlyonemainprogram,the Selection Control Panel isskippedand the slicer starts on that program. The user selects slicing criteria and displays the slices. Whentheuserisfinishedcomputingslices,clickonthe Exit buttontoreturntothe Main

Control Panel.

2.4 Tutorial Example

This section describes using unravel on a short tutorial example. We will go through the steps to run the analyzer and the slicer.

2.4.1Orientation

The example source code in Figures 2-7 through 2-11 and in Figure 2-1 is provided with the

unravel distribution. The source code is located in the example subdirectory of the unravel

distribution. There are two example programs, flavors and refinery. The program flavors is completelycontainedinthefile flavors.c. Theotherprogram,refinery,isspreadoverfivefiles:

refinery.c, refinery.h, input.c, cool.c and pressure.c.

1 typedef struct { 2 int value; 3 } sensor_rec,*sensor_ptr; 45 int pressure,flow,volt,level;

6 int pump_ok,flow_ok; 7 int presure_ok,level_ok;

Figure 2-7: Slicing Example 2 refinery.h

1 # include "refinery.h" 2 get_sensor_v (sensor_ptr s) { s->value = read_sensor(); } 3 get_sensor_f (sensor_ptr s) { s->value = read_sensor(); } 4 get_sensor_l (sensor_ptr s) { s->value = read_sensor(); } 5 get_sensor_p (sensor_ptr s) { s->value = read_sensor(); }

Figure2-8:SlicingExample2input.c 13

1 # include "refinery.h"

2 int coolant_sys(p,f)

3 sensor_ptr p,f;

4 {

5

6 volt = p->value;

7 flow = f->value;

8 pump_ok = pump_undervolt(volt);

9 flow_ok = coolant_flow(flow);

10 }

Figure 2-9: Slicing Example 2 cool.c

1 # include "refinery.h"

2 int pressure_sys(p,w)

3 sensor_ptr p,w; 4 { 5 6 pressure = p->value;

7 level = w->value;

8 pressure_ok = check_pressure(pressure);

9 level_ok = water_level(level);

10 }

Figure 2-10: Slicing Example 2 pressure.c

1 # include "refinery.h" 2 main() 3 {4 int p_alarm,c_alarm,alarm;

5 sensor_rec pump_sensor,flow_sensor; 6 sensor_rec pressure_sensor,level_sensor; 78 while (1){

910 get_sensor_v(&pump_sensor);

11 get_sensor_f(&flow_sensor); 12 get_sensor_p(&pressure_sensor); 13 get_sensor_l(&level_sensor); 1415 pressure_sys(&pressure_sensor,&level_sensor);

16 coolant_sys(&pump_sensor,&flow_sensor); 17 p_alarm = !(pressure_ok && level_ok); 18 c_alarm = !(pump_ok && flow_ok); 19 alarm = c_alarm || p_alarm; 20 if (alarm) system_shutdown(); 21 } 22 }

Figure 2-11: Slicing Example 2 refinery.c 14

2.4.2SliceCriteriaSelection

For the program flavors we would like to examine the computation of sweet and sour and

evaluate any code common to these two computations. For the program refinery we would like

to examine the computation of pump_ok, level_ok, and a_dump.

Afterdueconsideration,theslicesinTable2-1wereselected.

SlicingCriteria Variable Location FileProcedureNameFileProcedureLineNo. refinery.hglobalpump_ok cool.c main 10

refinery.h globallevel_ok cool.c main 10

refinery.c main a_dump refinery.c main 22

flavors.c main sweet flavors.c main 25

flavors.c main sour flavors.c main 25

Table2-1:PlannedSlices 2.4.3SettingSourceDirectory Theusershouldlocatethesourcedirectoryforthisexample,thenusetheUNIXcdcommand tosetthecurrentdirectory. 2.4.4ExecutingUnravel Figure 2-13 displays the initial Main Control Panel on the example directory. Note the

following: •Fivesourcefilesareidentified. •None of the files have been analyzed or linked. Even though there are two main programsinthedirectory,theprogramshavenotbeenanalyzedyetbyunravel. •Atthispointtheusershouldruntheanalyzer. Aftertheanalysisisfinished,thenthe slicercanberun. •Toruntheanalyzer,theusermovesthemousecursortothebuttonlabeledRunAnalyzer andclickstheleftmousebutton. TheAnalyzerControlPanelshouldappearinafew

seconds. 15

2.4.5ExecutingtheAnalyzer

The analyzer examinesthecurrentdirectoryforsourceprogramfilesandautomaticallyplaces thefileoneitheralistoffilestobeanalyzedoralisttobeignored. Asourcefilethathasbeen analyzedsincethelastchangetothesourcefileisplacedontheFilesNotSelectedlist;asource file that has not been analyzed or has been changed since its last analysis is placed on the Selected Files list.