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ABSTRACT
To reuse legacy C code effectively in Model Based Devel-
opment process, it is highly desirable that the code be con-
verted to Simulink model, a de facto standard in many in-
dustrial application domains, such as avionics and automo-
tive control. In this paper we present the design methodol-
ogy of a tool that translates a C code to equivalent Simulink
model with proper correctness assurance.

Categories and Subject Descriptors
D.2.7 [Software Engineering]: Distribution, Maintenance,
and Enhancement—Reverse engineering ; D.2.2 [Software
Engineering]: Design Tools and Techniques—Computer-
aided software engineering

General Terms
Design, Experimentation, Verification

Keywords
C, Simulink, Reverse Engineering, Conformance Testing

1. INTRODUCTION
Recently Avionics and Automotive industries are leaning

more and more towards Model Based Development (MBD)
of safety-critical software. In embedded system community,
MBD implies development of control models and simula-
tions of those models to ensure their correctness using tools
such as Matlab and SCADE. The auto code generators as-
sociated with these tools can generate software codes from
the model, thus enabling control engineers to generate em-
bedded software automatically without knowing the target
language syntax. Simulink is a high-level model design tool
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which is very popular in many industrial application do-
mains. It is considered as a de facto standard in avionics
and automotive domains. Avionics and Automotive indus-
tries are already in possession of large legacy code bases
developed in C programming language, which were not de-
veloped following MBD processes. Realizing the benefit of
adhering to MBD in their software development life-cycle,
these industries are now interested in embracing MBD ap-
proaches in their new projects; thereby having models for all
of their old legacy C codes for the ease of reuse and mainte-
nance.

In this paper, we describe an approach to build a tool
which will be useful to translate legacy C code to an equiva-
lent Simulink model containing only Simulink library blocks.
We also provide a mechanism to ensure the correctness of
such a translation. Zsombori of DaimlerChrysler has built
a translator to convert a C code to a Simulink model [6] by
using JavaCC (Java Compiler Compiler). The shortcoming
of the work is that the tool does not follow any industrial
guideline while generating a Simulink model. Organization
of the generated Simulink model in terms of localization and
positioning has been the major issue in this work, whereas
in our work we strictly follow MAAB guidelines [5] for orga-
nization of the output Simulink model. Moreover, in Zsom-
bori’s work, handling of function calls and arrays have been
identified as open problems. In our work, we provide com-
plete solutions for both of them. For large legacy code, han-
dling function calls is of prime importance. We show how
function level model generation can be done by properly re-
solving the issues on local and global variables, and calling
a model from another model.

2. DESCRIPTION OF THE TOOL
Figure 1 depicts the overall architecture of the tool. The

tool is called C2Sim. This tool has mainly two components:
a C to Simulink translator and a test suite generator. The
translator takes a C function and generates a Matlab script
file. This script file contains appropriately generated model
construction commands which generate appropriate compo-
nents in the target Simulink model. The target Simulink
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Figure 1: Architecture of C2Sim Tool

model can be generated by running the script in Matlab.
We use a methodology called Conformance testing to vali-
date a translated model with respect to the C fucntion from
which it has been generated. In figure 1, the test suite gen-
erator generates test cases from the C program with proper
coverage criteria. These test cases are applied to the gener-
ated Simulink model to ensure its correctness. We use Blast,
a software model checker [4], for generating test cases from
a C function.

The input of the translator is an ANSI C file contain-
ing one or more interdependent functions. The translator
generates separate models for these C functions. We con-
sider the C grammar specification available at [1, 2]. The
translator successfully translates a C function with the fol-
lowing components: input parameters, return statement, as-
signment statements with arithmetic and logical operations,
function calls, If and Switch selection statements, For, While,
and Do-While iteration statements, Arrays and Structures. At
present the translator cannot translate a C function contain-
ing pointer or recursive function. Simulink has a rich set of
model elements which cover various areas of signal process-
ing. We have closely examined the C grammar, and selected
the following Simulink blocks which are mainly used for
translation: (i) Sources: In1, Constant, (ii) Sinks: Out1,
(iii) Signal Routing: Mux, Demux, Bus Creator, Bus Se-
lector, Switch, Index vector, From, Goto, (iv) Math Oper-
ations: Add, Subtract, Gain, Product, Divide, Abs, Unary
Minus, Math Function, Trigonometric Function, (v) Logic
and Bit Operations: Logical Operator, Relational Oper-
ator, Compare to Constant (vi) Ports and Subsystems:
Model, If - If Action Sub-system, Switch Case - Switch Case
Action Subsystem, For Iterator Subsystem, While Iterator
Subsystem, (vii) Discrete: Unit Delay.

To generate Simulink model for a C function we use the
model construction commands that can be used for wide
range of operations for working on Simulink models. For
example, the command add block adds a block in a Simulink
model, the command add line connects two blocks by a line.
Our approach to create a Simulink model is to generate a
Matlab script containing necessary model construction com-
mands with correct parameters and in proper order. In this
translation process our aim is to generate a Matlab script
file for a C function using ANSI-C grammar through syntax-
directed translation. We capture C grammar in a Yaccfile.
For the production rules of the C grammar we identify the
appropriate commands with appropriate parameters to gen-

erate desired components in the Simulink model and capture
them as action items to write the corresponding information
for the desired blocks in the targeted file with“.m”extension
during the parsing process. The translation process depends
on the tokens that the Yacc parser collects from the Lexical
Analyzer.

A C program is a collection of interdependent functions.
The translator takes each of these functions one by one and
converts them to an equivalent Simulink model. So we have
separate models for each function. If a function func1 calls
another function func2, then the model of func2 is incorpo-
rated in the model of func1 appropriately with Model block
in Port and Subsystems library in Simulink. If a function
calls another function, the model (with .mdl extension) of
the callee function can be generated successfully from the .m
file generated by the translator, if the model of the called
function is already available. However, a legacy code may
have several functions and it is difficult to know which func-
tion is calling what other functions during translation. To
deal with this situation, we generate a function call graph for
the entire legacy code by some function call generator (for
example, CodeViz [3]). Then breath-first search is carried
out on the generated function call graph, and the functions
are stored in a list. While generating simulink models from
the “.m” files, the list is traversed in the reverse direction.
So, the functions corresponding to the leaf nodes in the func-
tion call graph are considered first. As these functions do
not call any other function, models for them are successfully
generated. Then the next upper level is considered. In this
way, models for all the functions are successfully generated.

3. CONCLUSION
Generating Simulink model from legacy C code is of prime

importance to avionics and automotive industries. This im-
portance arises from lots of advantages that can be gained
using MBD process in the design, development and mainte-
nance of embedded software. The avionics and automotive
industries are willing to convert all their legacy C codes to
executable models, and then leverage MBD process for fur-
ther work. The approach we discussed in this paper will be
of great help towards this goal. We have implemented the
translator covering a large subset of C programming lan-
guage. We have also completely automated the test suite
generation process. The translator and test suite generator
tools have been tested on a number of C programs with en-
couraging results. In near future, we plan to carry out a few
large scale industrial case studies on legacy C code coming
from automotive domain.
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