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Constraint Based Transformation Theory

Abstract

The migration of a legacy system is one of the most challenging tasks in the

area of software evolution. There are existing several different approaches to mi-

grate a legacy system with different advantages and disadvantages. One solution is

to translate the software into an intermediate language which spans from the low

abstraction level to the very high abstraction level. Once the software has been

translated to intermediate language the abstraction level can be changed via math-

ematical proven transformation rules. Afterwards, a translator can easily translate

the intermediate language into the target language.

A very powerful intermediate language was invented by Martin Ward at the

University of Oxford. This Language is called "Wide Spectrum Language" or

"WSL". He also defines a set of mathematical proven code transformations and

an environment to apply these transformations to WSL. This environment is called

"FermaT Transformation Engine".

In this report we will present initial work on a framework for a constraint

based transformation system which gives the maintainer the possibility to apply

constraint based code transformations with the FermaT Transformation Engine. It

will review some of the achievements and outline the motivation and objectives for

the proposed development framework. Furthermore, it reviews literature from the

code transformation, constraint programming and expression language domain.
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Chapter 1

Introduction

At the beginning of software development in the early 1950s and 1960s, software

was not very complex. The maintenance of software was just a small part of the

software life cycle. With some revolutionary hardware developments in the late

1960s and early 1970s software has become more complex and extensive. Mainte-

nance growth to a major part of the software life cycle. At that time, people began

to understand that software is not just dying. The re-engineering of software as a

part of software maintenance came up for the first time. At the end of the 1970s, the

industry was faced with many major problems. The costs of software maintenance

began to explode. In some areas the costs of maintenance was taking more effort

than the initial development. Thereby, the problem of maintenance was a general

problem caused by some properties and the complexity of software systems. The

demand for significant changes of software went up. The implementation of the

changes themselves created additional problems.

Nowadays, there are existing lots of systems which have to be maintained,

extended or redeveloped. These systems, which often have no or inconsistent

documentation and are written in a legacy language, are called "legacy systems".

Thereby, a legacy system in general is very mature and the rare numbers of bugs are

well known. The maintenance of such a system is very expensive because of the

complexity and the low-level programming language. On the other hand, it is very

dangerous and expensive to replace the complete system by a new one, especially

for business applications. Therefore, a migration of the legacy system could be the

answer which is one of the most challenging tasks in the area of software evolution.

The migration can be done by humans who analyse an existing program and

rewrite it in another language or for other requirements. Possibly, this will produce
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1. Introduction Stefan Natelberg

the best result but the time consumption would be huge and new errors could arise.

It is also possible to translate software with a brute force algorithm which simply

picks one source language statement after another and transforms it into one or

more statements of the target language. This is a very quick procedure but proba-

bly the result will not be very good. The migrated code can be very complex and

the lines of code could increase dramatically. This way of software translation can

possibly be done if the source language and the target language are quite similar but

not if the abstraction levels of these two languages are too far apart. Another solu-

tion to migrate software is to translate the software into an intermediate language

which spans from the low abstraction level to the very high abstraction level. Once

the software has been translated to intermediate language the abstraction level can

be changed via mathematical proven transformation rules. Afterwards, a translator

can easily translate the intermediate language into the target language.

Figure 1.1: WSL as intermediate language for legacy system analysing and ab-

straction.

In our case, we use the approach of an intermediate language and transfor-

mation rules to increase the level of abstraction. The intermediate language is

necessary because most languages just support a small spectrum of abstraction. A

second advantage of this concept is that it works with a huge number of program-

ming languages. All we need to do to use other languages is to write a translator

which is not that difficult. If the migration to the target language has been success-

ful, a compiler can in return generate assembler code.

A very powerful intermediate language was invented by Martin Ward at the

2

pictures/wsl_transfer.eps


1. Introduction Stefan Natelberg

University of Oxford. This Language is called "Wide Spectrum Language" or

"WSL". He also defines a set of mathematical proven code transformations and

an environment to apply these transformations to WSL. This environment is called

"FermaT Transformation Engine". One of the weak points of this work is that the

user needs to measure the code after every transformation. Therewith, the process

of transformation is not automated and it is still a lot of work for the maintainer to

measure the code and apply the transformations to find a transformation sequence

which meets his requirements. In the following chapter we will discuss why it is a

problem to apply FermaT Transformations in the current system.
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Chapter 2

Problem Statement

The process of code transformation is a very difficult part of software migration

[21]. One of the main problems is to find out what the particular requirements on

the system are. For example, if there is a customer who just wants to migrate code

from one machine to another and than do not touch it anymore, it is not important

what the code looks like [19]. Unfortunately, this is not the case in general. Cus-

tomers usually want to migrate the code to a high-level language and than maintain

it or add specific functions to the system. Therewith, the code needs to be as simple

and structured as possible. In other words, customers want code which is easy to

maintain [3]. But what does this mean?

In this case, the main problem is the measuring of code. It is easy to measure

code by "number of statements", "McCabe index" or just the "lines of code" [4].

Also, it is not that difficult to count branches, jumps or loops. But how can we mea-

sure maintainability? How can we define "simple code"? Probably every customer

who wants to migrate one of his legacy systems would define maintainability in

another way. Maintainability contains different criteria and can not be defined that

easy [10]. But maybe it is possible to split maintainability up in different criteria

which can be defined and weighted for each customer in a different way [6].

The measuring of migrated code is one of the problems which occurs during

the re-engineering of a legacy system [7, 11, 13]. Another huge problem is the

hardware dependence of low level assembler code. Basically, this means that low

level assembler code can contain pointers and system calls which cannot be trans-

formed into high-level code that easy [19]. Pointers for example are just supported

by a few high-level languages like C or C++. Other very important languages like

Pascal, JAVA or perhaps C# do not support them [20, 5]. To eliminate these critical
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elements would be a huge benefit and can be considered as necessary constraint for

migration to several high-level languages [16].

Another thing that makes it difficult to migrate a legacy system is the fact that

the term "legacy system" is not very well defined. Sometimes, also high-level

language code without any documentation is called "legacy code". Other people

consider high-level languages itself as documentation. Therewith, the migration

starts from totally different stages. To avoid this problem in our work we will

clearly define the properties of legacy systems we are trying to migrate. In our case

a legacy system is:� a software system or part of a software system which is implemented in an

assembler language.� a system with a very large scale and high complexity. It can e.g. consist of

million lines of code.� part of an entire legacy environment which includes computing hardware

and external devices.� a system with no or incomplete documentation or the documentation has

become inconsistent during the maintenance.� a system which is absolutely essential for the company who uses it.

The current program transformation process of the FermaT Transformation

System uses a "standard transformation sequence" which cannot be customized

to meet different needs and which is not optimized to achieve the best migration

result [21, 14]. This sequence uses a simple strategy. It applies an atomic transfor-

mation to a specific kind of WSL code as long as there are some changes [18]. If

nothing changes during a single transformation it will apply the next. The trans-

formation sequence is not optimized and the user has no possibility to change the

sequence. In other words, the sequence will be applied in a statically "try-and-

error" process. If there are some special requirements on the migrated code, the

user needs to change the code by hand or he can apply a single transformation

manually [15]. Because of the large number of transformations and the huge scale

of a typical legacy system, this process is very time-consuming and it is nearly

impossible for the maintainer to find the best transformation sequence to meet his

requirements [4].
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The problem to find optimized transformation sequences is well known. Sev-

eral approaches are existing who are describing the problem in a very good way.

Also, there are some approaches to solve this problem [8, 1, 2]. But still there is

the huge search space to find the optimal transformation sequence [4]. If we as-

sume that a typical legacy assembler system consists of at least a million lines of

code and we have to apply several thousand of atomic code transformations, the

search space would be enormous. Also, a very efficient algorithm probably can not

solve this problem. Maybe, a hierarchical system which splits the transformation

sequence into sub sequences may reduce the demand of computing power [3].

The last problem is how to express a sequence? Actually, there is no language

to express a transformation sequence in a meaningful way. A maintainer has no

choice but to apply transformation sequences manually if he wants to customize

them [17]. Also, other approaches to find transformation sequences have no possi-

bility to express them in an abstract way [1, 8, 4].
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Chapter 3

Motivation

The approach to migrate a legacy system via an intermediate language and a set

of code transformations is not new [12]. It has been proven as a useful approach

for software evolution [21, 19]. Nevertheless, there are some problems with this

approach. One reason for these problems is the complexity of the entire program

transformation process [2, 16, 21]. It consists of several thousand atomic code

transformations, depending on the size of the legacy system. The FermaT Trans-

formation Engine for example provides several dozen of mathematically proven

software transformations. These transformations can be applied to the code one

after another. Therewith, we have a sequence of transformations which is essential

to achieve the goals of the code migration.

At each stage of the application of these rules, there are many points in a pro-

gram; typically one per node of the Control Flow Graph. Therefore, the set of

pairs of possible transformation rules and their corresponding application point is

large [3]. Furthermore, to achieve an effective overall program transformation tac-

tic many rules may have to be applied and each would have to be applied in the

correct order to achieve the desired result. This explosion in the number of possible

choice of transformation rules and their appropriate sequencing has led to problems

in the generalisation of program transformation and while specialised transforma-

tion algorithms exists for dedicated tasks we are currently unaware of any general

purpose transformation algorithms [4]. Also, the search-space of possible trans-

formation sequences make exhaustive search infeasible. Given a transformation

system with 20 possible code transformations and a sequence length of 20, there

are 2020 possible combinations in the search-space which is enormous.

There have been several approaches to solve these problems but still it is not
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possible for a maintainer to define constraints which are satisfying during the pro-

gram transformation process. For example, Romain Robbes and Michael Lanza

developed a versioning system for software evolution to analyze and optimize soft-

ware evolution [9]. This systems is collecting information but is not able to take

influence on the process. Deji Fatiregun, Mark Harman and Robert M. Hierons

developed a system to use genetic algorithm to find suitable transformation se-

quences [4, 3]. They are focussing on one constraint which is "lines of code".

Keith D. Cooper has developed a tool to search for optimized code transformation

sequences which are used to improve the efficiency of x86 compiler [1]. Andrew

P. Nisbet focused on using a genetic algorithm to find program restructuring trans-

formations for FORTRAN programs to execute on parallel architectures [8]. All of

these approaches cannot deal with more than one constraint and it is not possible

to express a transformation sequence in an abstract way. Thereby, these particular

functions would imply huge advantages and could help to save a lot of time and

money during the migration of a legacy system.
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Chapter 4

Proposal

To find suitable transformation sequences for specific requirements on the transfor-

mation result we have developed a formal language which expresses transformation

sequences. This language should be powerful enough to describe complex trans-

formation sequences but also be simple enough to be useful even for people who

are not very familiar with program transformation theory. Therefore, the main-

tainer should be able to describe a program transformation in a very abstract way

and also to control the program transformation by defining the constraints which

have to be satisfied. This constraints support a priority system to avoid conflicts be-

tween them, and it is possible to group constraints to define abstract requirements.

In that way the user should be able to describe e.g. his definition of maintainability.

The table 4.1 shows the Backus-Nauer-Form of the formal language which is very

simple at this early state of the research.

Sequence hsequencei ::= halternationi (”;” halternationi)�
Alternation halternationi ::= hrepeati (”j” hrepeati)�
Repeat hrepeati ::= hoptioni (”+ ” j ”� ”)�
Option hoptioni ::= h f actori (”?”)?
Factor h f actori ::= string j ”(” hexpressioni ”)”

Table 4.1: This is the Backus-Nauer-Form of the constraint based transformation

language.

We choose a regular language for our approach because we need to convert

it into a finite automaton. This automaton visualizes the transformation process.

Therewith, the user is able to observe the entire transformation process which is a

huge advantage for transformation comprehension.
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Figure 4.1: An example of an equivalent DFA DR for the regular expression R =(AjfC1gB)�fC2g ;C. This DFA includes the constraints C1 and C2.

A finite automaton consists of states and transitions. After we have parsed the

regular language, every state of the automaton is a representation of a code version

during the program transformation process. The initial state S0 is the unchanged

code which the user puts into the system. The final state Sn is the program transfor-

mation result. The transitions between the states are the atomic code transforma-

tions. Because there are several ways to travel the automaton, we need additional

user information to find the best way for the requirements of the user. This will be

controlled by the constraints. If there are no constraints at all, the system will re-

turn several program transformation results and the user has to choose his favourite

manually. The automaton and all details of the program transformation can be

shown in a graphical window. The user is able to obtain the entire transformation

process and can take influence if necessary.
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4. Proposal Stefan Natelberg

Figure 4.2: Constraint Based Transformation System.

The Constraint Based Transformation System is based on JAVA and is an ex-

tension of the FermaT Maintenance Environment. It consists of an editor and a

parser for the formal language and an automaton generator to convert the language

into an equivalent automaton. Furthermore, the system provides several strategies

to measure WSL code and to generate transformation sequences based on user de-

fined constraints.
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Chapter 5

Progress

The following chapter will briefly discuss the progress in the research of Constraint

Based Transformation Theory. It includes a literature review, a paper about Condi-

tioned Semantic Slicing, the tool foundation of the research and initial work on a

Constraint Based Transformation System. For detailed information please have a

look at the appendix.

5.1 Literature Review

A major part of the work which has been achieved is a literature review about the

theoretical foundation on which the research area is based. This literature review

will give an overview about the principles and problems of software evolution and

discuss the migration of legacy assembler systems via the "FermaT Transformation

System". Furthermore, it explains the techniques and the theoretical foundation of

my approach which is based on regular expressions and automaton theory.

5.2 Conditioned Semantic Slicing for Abstraction

Another achievement is a paper about the difficulties of legacy assembler analysis,

comprehension and migration. In this paper we discuss the application of pro-

gram transformation technology to assist with analysing and understanding legacy

assembler systems. We briefly introduce the fundamentals of our program trans-

formation theory and program slicing which generalises to conditional semantic

slicing. These transformations are applied to a fairly large commercial assembler

system to automatically generate high-level abstract descriptions of the behaviour

of each assembler module with error handling code sliced away. The result is

a dramatic improvement in the understandability of the programs: on average a
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6,000 line assembler listing is condensed down to a 132 line high level language

abstraction.

5.3 Progress Report on the UTC-SE Projects

Another huge part of our research and the base for the FermaT Maintenance En-

vironment and the Constraint Based Transformation System are the FermaT tools

which have been developed at the STRL in cooperation with Software Migration

Limited (SML) (see appendix. These tools are developed for code measuring and

re-documentation of large software systems and help to analyse the problems dur-

ing a legacy system migration.

5.4 FermaT Maintenance Environment

To be able to test the proposed ideas it is necessary to develop an interface to the

FermaT toolset. This has been done with the FermaT Maintenance Environment

(FME). The FME is written entirely in the JAVA language. The choice for the

JAVA language was made because it is a very safe and flexible language with an

extensive API and a vast amount of open-source libraries for almost every possi-

ble computer task. Another advantage is the interoperability of JAVA because it is

based on a virtual machine.

Primary the FME is a graphical interface to the FermaT transformation engine.

It consists of a text editor which is able to express WSL together with an Abstract

Syntax Tree (AST) viewer. A maintainer can navigate through the code via the

source code or via the AST. The environment provides a console to the FermaT

transformation engine which can be used to command the engine directly. The

core of the transformation engine is a set of mathematical proven program trans-

formation to simplify the source code. The transformations can be selected from

a transformation catalogue and performed on a chunk of WSL code. The trans-

formations will either produce a semantically equivalent or refined version of the

source program construct.

This interface can be extended to process constraint based FermaT transfor-

mations and transformation sequences. The first implementation of the Constraint

Based Transformation System is already integrated in the FME.

13
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Figure 5.1: FermaT Maintenance Environment.

5.5 FermaT Documentation for Legacy Systems

FermaT Documentation for Legacy Systems (FermaT DOC) is a technology based

on HTML to generate documentation of a legacy system automatically. It was

developed at the STRL in cooperation with Software Migration Limited and the

University of Applied Sciences Emden, Germany.

This tool was the first project of the Author at the STRL and is used as a base

for further research. It provides many techniques to analyse a legacy system and to

measure the quality of assembler code. Many of the ideas which came up during

the development and use of FermaT DOC are implemented in the Constraint Based

Transformation System.

5.6 Constraint Based Transformation System

Program transformation is used extensively in many areas of computer science in-

cluding program comprehension, reverse engineering and compiler optimisation.

Thereby, a program transformation usually consists of thousands of atomic code

transformations which are applied to the program. We are currently working on a

Constraint Based Transformation System and discusses how to find a good order

in which code transformations should be applied. Furthermore, we use regular ex-

14
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Figure 5.2: FermaT Documentation for Legacy Systems.

pressions and automaton theory to express and visualise transformation sequences.

15
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Chapter 6

Future Work

The presented achievements have established a solid foundation for the future re-

search. The ongoing and future work includes particularly the following work

packages:

6.1 Implementation of a Program Transformation Envi-

ronment

In this work package an extension for the FermaT Maintenance Environment will

be developed to be able to evaluate the proposed ideas. The Program Transfor-

mation Environment will provide a graphical user interface to visualise the entire

process of a program transformation. It allows the user to check different stages of

the code and compares them on an abstract level. The user can take influence on

the transformation process at every stage. This tool will be a proper foundation for

further research.

6.2 Formal Language for Constraint Based Program Trans-

formation

In this work package the language for constraint based program transformations

will be defined. Therefore, we will also implement an editor and a parser to gener-

ate automata which will represent the transformation process.

16
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6.3 Constraint Based Transformation System

In this work package we will design and implement the Constraint Based Transfor-

mation System. It is based on the Program Transformation Environment and pro-

vides several strategies to meet constraints, analyse migration results and evolve

transformation sequences for different requirements.

6.4 Test of the Approach using large scale case studies

In this package the possibilities of the approach will be demonstrated on medium

to large scale case studies.

6.5 Thesis writing up

The last work in this research project will be the documentation of all outcome into

a PhD thesis.

17



Chapter 7

Thesis Outline

The following describes the proposed outline of the author’s PhD thesis. The the-

sis will concentrate on constraint based transformation theory issues and shows

how a transformation sequence can be expressed uniformly within an expression

language. The structure of the thesis is envisioned as follows:

Chapter 1: Introduction

Chapter 2: Preliminaries� Literature Review on Transformation Theory.� Literature Review on Automaton Theory.� Literature Review on Formal Languages.

This chapter will give an introduction of the related research areas.

Completed: 80%, Estimated Time: 5 Weeks

Chapter 3: Related Work� The FermaT Transformation Theory.� Evolving Transformation Sequences.

This chapter will give an overview about related work in this research area.

Completed: 80%, Estimated Time: 7 Weeks

18
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Chapter 4: A Formal Language for Constraint Based Pro-

gram Transformation� Definition of constraints for program transformation.� Development of a formal language to express transformation sequences.

This chapter will discuss the base for further research.

Completed: 45%, Estimated Time: 15 Weeks

Chapter 5: A Constraint Based Transformation System

This chapter will discuss theoretical foundation of a Constraint Based Transforma-

tion System.

Completed: 20%, Estimated Time: 10 Weeks

Chapter 6: Implementation� Design and implementation of the FermaT Maintenance Environment.� Design and implementation of the Constraint Based Transformation System.

This chapter will discuss the implementation of the FermaT Maintenance En-

vironment and the Constraint Based Transformation System.

Completed: 40%, Estimated Time: 6 Weeks

Chapter 7: Case Studies and Evaluation

This chapter will disuss two or more medium to large scale case studies.

Completed: 10%, Estimated Time: 4 Weeks

Chapter 8: Conclusion and Future Work

This chapter will summarise the research outcome and outline future work.

Completed: 0%, Estimated Time: 2 Weeks
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