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Abstract

Researth into the working practices of software
engineershas shavn the needfor integrated browsing
and searding tools which include graphical visualisa-
tions linked badk to the sourcecode under investiga-
tion. In addition, for assenbler maintenance and re-
engineeringthere is an even greater needfor sophist-
icated cortrol °ow analysis, data °ow analysis, slicing
and migration technology. All these technologiesare
provided by the Fermall Workbend: an industrial-
strength assenbler re-engineeringworkbench consist-
ing of a number of integrated tools for program com-
prehension, migration and re-engineering. The vari-
ous program analysis and migrations tools are based
on researh carried out over the last sixteen years
at Durham University, De Montfort University and
Software Migrations Ltd., and make extensive use of
program transformation theory.
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1 Intro duction

Recer researt into the activities of software en-
gineers[10] has shavn the need for tools capable of
both semartic-based searding and browsing through
hierarchical structures. Other studies [3,6,9] provide
strong evidencethat software engineersdesire tools
to help them explore software. They use sud
tools heavily already and want improvemerts (the
main seard tools currently in use are text editors
and regular expressionseard utilities sud as grep).

Top-down program comprehensionrequires browsing,
while bottom-up comprehensionrequired searding:
and programmers use both strategies, and frequertly
switch betweenthem. The four most common seard
targets are: function de nitions, all usesof a function,
variable de nitions, and all usesof a variable. The
most common seard motivations are: defect repair,
code reuse, program understanding, feature addition,
and impact analysis[9].

In [8] a \design browser" tool is described, for °ex-
ible browsing of a system'sdesignlevel represenation
and for information exchangewith a suite of program
comprehensiortools, complemeried with a\retriev er"
supporting full-text and structural searding. Source
code is parsedto an intermediate ASCII represena-
tion, imported into a repository basedon the UML
metamodel, and accessedthrough an OO database
managemen system (Poet 6.0). The elemers in the
database can be accessedlike normal Java objects
and used to build graphical represenations in form
of diagrams (information views).

The Fermal Workbend is an industrial-strength
assenbler re-engineering workbend consisting of a
number of integrated tools for program comprehen-
sion, migration and re-engineering. It di®ers from
theseother tools in that Fermar is capableof a much
deeper semariic analysisof the assenbler sourcecode.

2 Theoretical Foundation

The core of the Fermal Workbendh is the Fermar
transformation engine. This is based on a \Wide
Spectrum Language" (called WSL) which includes
both high-level abstract speci cations and low-level
programming constructs within the same language.
The language has been deweloped over the last six-
teen years in parallel with the dewelopmert of the



transformation theory: the catalogue of proven trans-
formations and transformation techniqueswhich form
the basis for both forward and reverse engineering.
All the transformations have beenproved correct and
have mecdhanically chedable applicability conditions.
This makesit possibleto \encapsulate" the mathem-
atics in a transformation system: the user does not
needto understand how to prove the correctnessof a
transformation, and with the Fermal Workbend, it
is not even essetial for the userto be able to read
and understand WSL. Since ead step in the reverse
engineering process consists of the application of a
proven transformation, whose applicability condition
has been medanically cheded, the transformed pro-
gram is guaranteed to be a correct represernation of
the original program.

The syntax and semartics of WSL are described
in [7,11,12,17]sowill not be discussedin detail here.
Most of the constructs in WSL, for exampleif state-
ments, while loops, proceduresand functions, are com-
mon to many programming languages.Howewer there
are somefeatures relating to the \speci cation level"
of the language which are unusual. Expressionsand
conditions (formulae) in WSL are taken directly from
“rst order logic: in fact, an innitary “rst order logic
is used (see [4] for details), which allows countably
in nite disjunctions and conjunctions. This use of
“rst order logic meansthat statemerts in WSL can
include existertial and universal quanti cation over
in nite sets,and similar (non-executable) operations.

In [14,19] program transformations are usedto de-
rive a variety of excient algorithms from abstract
speci cations. In [14,17,19]the sametransformations
are used in the reverse direction: using transforma-
tions to derive a conciseabstract represeration of the
speci cation for seweral challenging programs.

In [15] program transformations in WSL are used
to migrate from assenbler to C. In [16] an assenbler
module is transformed into an equivalent high-level
abstract speci cation in WSL.

3 Previous Transformation Tools

The rst tool to be dewveloped as a result of the au-
thor's work on WSL and program transformation the-
ory, wasthe \Main tainer's Assistant” (MA). This was
a joint project involving the University of Durham,
the Cerntre for Software Maintenance Ltd., and IBM
United Kingdom Laboratories Ltd. MA is implemen-
ted in Lisp and includes an X windows based front
end (xma) which displays formatted WSL code. The
usercan selectany point in the program and seea list

of all the transformations that are applicable at that
point. The user can then selecta transformation fro
the list and seethe result immediately.

MA includesalarge number of transformations, but
is very much an \academic prototype" whoseaim was
to test the ideasrather than be a practical tool. In
particular, little attention was paid to the time and
spaceezciency of the implementation. Despite these
drawbadks, the tool proved to be highly successful
and capable of reverse-engineeringmoderately sized
assenbler modulesinto equivalert high-level language
programs.

The next tool, GREET (Generic REverseEngineer-
ing Tool) [1] was a complete reimplemertation of the
transformation engine using Lisp and a commercial
CASE tool builder. The transformations in GREET
are implemented in M eTAWSL, an extension of WSL
which includes high-level featuresfor writing program
transformations [12,13,18]. The extensions include
an abstract data type for represering programs as
tree structures and constructs for pattern matching,
pattern Tling and iterating over componerts of a
program structure. The \transformation engine" of
GREET is implemented ertirely in M eTaAWSL. The
implemertation of M eTaWSL involves a translator
from M ETAWSL to LISP, asmall LISP runtime library
(for the main abstract data types)and a WSL runtime
library (for the high-level M eTAWSL constructs suc
asifmatch, foreach, 1l etc.).

GREET cortains parsers for IBM 370 Assenbler
and JOVIAL and can generate JOVIAL and C code
as well as WSL. The user interface is similar to MA
in that the user is preseried with formatted WSL
code and can click on a section of code and apply
transformations.

One of the claims madein [13]is that implemerting
a large system in a very high level domain-speci ¢
language (such as M eTaWSL) will greatly simplify
maintenance and portabilit y. This has proved to be
the casewith GREET: the entire transformation en-
gine was ported to a very di®erert version of Lisp
(Scheme) by a single programmer in a few weeks.
Seeral factors prompted this porting exercise:

2 The transformation technology had reached such
a level of maturity that the whole transform-
ation process, from the \raw" WSL generated
directly from the parsed assenbler to high-level
WSL suitable for translation to C or COBOL,
could be carried out automatically with no human
intervertion;

2 As aresult, we could do away with the CASE tool
technology on which GREET was built and so



avoid the maintenanceoverhead,and the memory
consumption, at the sametime vastly improving
portabilit y;

2 Transferring from the proprietary Lisp to Scheme
meart that we could port the transformation en-
gine from Solaristo AIX, Linux and Windows 95
in a matter of days;

2 Eliminating the user interface meart that we
could \hide" WSL from the maintenance pro-
grammer: no longer is training in WSL and
transformation theory a prerequisite for using the
tool. Although programmers could seethe util-
ity of GREET, there was someresistanceto its
deployment due to the (perceived) steeplearning
curve involved in gaining familiarity with WSL
and the transformation technology.

The new transformation engineis called Fermar and
forms a certral componert of the Fermal Workbench.

4 Analysing IBM Assembler Code
Assenbler code preseris a number of unique chal-
lengesto automated (and human!) analysis. The code
is typically completely unstructured with branches
and labels allowed in arbitrary positions. Even where
\structured macros" arein use(IF. .. THEN. ..ELSE,
WHILE. ..DO etc.) there are no restrictions on
branching into or out of structures: so the apparert
\surface structure" provided by the macros cannot
be relied upon. Subroutines are called by storing a
return addressin a register and then branching to
the start of the subroutine. A subroutine returns by
loading the register and branching to the addressis
cortains: but there is nothing to stop the programmer
from overwriting or modifying the return address,or
branching from the middle of one subroutine to the
middle of another, or branching directly back to the
main program or any number of other practices. As
a result, even determining the boundaries of a sub-
routine body can be a challenge! Jump tables are
yet another problem: the program carries out some
computation and then treats the result as an address
and branchesto it. Self-madifying code is commonly
usedin legacy assenbler code: rather than \w asting”
a byte by using a °ag, clever programmerswould over-
write a branch instruction with a NOP instruction, or
vice versa. The IBM 370architecture alsoincludesan
\execute" instruction (EX): this contains the address
of an instruction elsewherein the program and a

register which is usedto modify the target instruction
before executing the modi ed instruction.

These ditculties also shov why assenbler, espe-
cially legacy assenbler, is so much more dizcult and
costly to maintain, compared to modern high-level
languages. All of these complications need to be
addressedby any commercial tool for assenbler re-
engineering. In addition, the needfor comprehensie
semairiic analysistools is much greater for assenbler
than for high-level languages. For example: a crude
form of data °ow analysisis possiblein COBOL simply
by searting for namesof variables. If a variable FOO
is referencedin one statemert, then a seard for all
assignmers to FOOwill quickly enablethe program-
mer to determine where FOQgets its value. But the
heavy use of registers and work areasin Assenbler,
and the lack of data type enforcemen, combined with
the lack of control °ow structure, make these scanner
based techniques much lessuseful. A seard for all
referenceso R3might return hundreds of hits, almost
all of which are irrelevant. But is very ditcult to
determine if there is an execution path from oneline
of assenbler to another distant line. What is required
is a detailed and thorough data °ow analysis of the
whole program. Sud an analysis will also require
a detailed and thorough control °ow analysis of the
whole program: for exampleto determine all possible
return points for a subroutine call.

Data °ow analysisis neededfor:

1. Debugging: seard backwards through data °ow
from the point where the value of an item is
known to be invalid in order to 'nd the code
which setsthe value; and

2. Enhancemen: seard forward from an area of
code which is about to be changed in order to
determine the impact of the proposedchange.

These are someof the considerationswhich led to
the dewvelopmert of the Fermal Workbendh.

5 The FermaT Workb ench

The various tools comprising the Fermar Work-
bendh are accessedria a toolbar and consist of:

2 Function Catalogue;
2 Function Call Graph;
2 Text Editor;

2 Program Flowchart;
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Figure 1: The Fermall Workbend Toolbar
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Figure 2: The Function Catalogue

2 Data Catalogue;

2 Control Flow Analyser;
2 Data Flow Analyser;

2 Program Slicer;

2 Migration Tools;

Each tool is an independert executable, or set of
executables, which communicate with the \thin cli-
ent" workbend toolbar via TCP/IP connectionsand
shareddata Tes (seeFigure 1. This designhasse\eral
advantages:

2 The tools do not all needto run on the same
machine: for example, the processor-itiensive
analysis tools can run on a separate high power
workstation and communicate with the work-
bend acrossa local network (or even acrossthe
Internet);

2 One tool will not \freeze" the whole workbench
while carrying out a time-consuming activity.
The user can switch to another tool and carry on
working while waiting for output from the rst
tool;

2 Tools can be tested independenly of the rest of
the workbendh via a direct TCP connection(such
astelnet ). This also provides a simple way to
automate regressiontesting.

Source les in Fermal are organisedinto directories
called Projects. Each Fermal project consistsof a col-
lection of assenhler sourceles, typically represeriing
an assenbler program or sub-system. The project
also contains all the working Tes produced by the
Workbend. A new project canbe createdat any time
and source les can be imported to the project via a
simple list selection.

5.1 The Function Catalogue

A module is either a source Te, a macro Te or
a copybook Te. Modules are grouped into functions
and functions can be nested inside other functions.
The Function Catalogue shows a hierarchical view of
the function tree, with modules as the leaves of the
tree, plus a detailed view of the currently selected
function. The detailed view shavs which functions
call this function, plus which functions are called by
this function (including external modules: ie calls to
moduleswhich are not available in the current project
or macro or copybook library).
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Figure 3: The Function Call Graph



5.2 The Function Call Graph

The function call graph providesa graphical view of
the calling relationships betweenmodules. Copybooks
and macros can be included or excluded from the
graph for clarity.
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Figure 4: The Text Editor

5.3 The Text Editor

The text editor is a fully-featured assenbler-aware
editor which is closelyintegrated with the other tools
in the workbench. Commernts are shown in green
and other lines may be highlighted in di®erert colours
to shaw the result of a seart or other action. The
text editor parsesead line of assenbler and knows
which symbols are data items (variables, constarts,
data structures etc.) and which are not. Any data
item can be selectedfor tracking via the data tracker.

The Data Tracking facilities in the text editor allow
the userto selectany data item, seart for and mark
all lines containing that data item and browsethrough
the list of marked lines.

5.4 The Program Flowchart

The °owchart tool depicts the cortrol °ow of a
module in a familiar graphical form. The user can
jump from a selectedline in the editor to the cor-
responding node in the °owchart and vice versa. In
addition, a block of code can be selectedin the ed-
itor and highlighted, and the corresponding °owchart
nodes will be highlighted. A set of nodes in the
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Figure 5: Flowchart (whole program)

Figure 6: Flowchart (zooming in on part of the pro-
gram)




°owchart can be highlighted and the corresponding
lines in the editor will be highlighted.

Assenbler-speci ¢ features in the °owcharter in-
clude:

2 EX instructions: the executed instruction is
found and copiedin after the line containing the
EX instruction;

2 Relative branches are computed and the branch
target determined where possible;

2 Jump tables are detected automatically and con-
verted to a list of conditional branches;

2 Subroutines (internal and external) are detected
automatically and highlighted;

2 Data declarations are ignored in the °owchart;
2 Structured macrosare interpreted directly.

The user can add their own macros, (including struc-
tured macrosand subroutine call macros)to the mac-
ros table and thesewill be correctly interpreted by the
°owchart tool.

Any block of code in either the editor or °owchart
can be highlighted and annotated. The annotation
might be a reminder to do something, a warning to a
fellow programmer, or a way of documerting a piece
of code. In the latter case,the block of code may be
\collapsed” to a single node in the °owchart. This is
usedfor incremertal redocumertation of the source.

Figure 7: The Data Catalogue

5.5 The Data Catalogue

Like the Function Catalogue, the Data Catalogue
shows a hierarchical view of the data layout for

the current module, shaving which data items are
structures containing other data items and which are
atomic data elemerns. If the relevant macros and
copybooks have beenimported to the project, or are
presert in alibrary, then the Data Catalogue can also
shav the data structures which are external to the
current module. The Data Catalogue also displays
the details of the currently selecteddata items.

Any data item selectedin the text editor can be
made the current item in the data catalogue.

5.6 Analysis Tools

The next four tools (control °ow analysis,data °ow
analysis, slicing and migration) require a much more
detailed semartic analysis of the assenbler. Because
of this, thesetools require an assenbler listing Te as
input, (rather than just the sourcele) sincethe list-
ing corntains macro expansions,copybook expansions,
relative addressesfor all code and data labels, and
other important information. For our tools to derive
all this information directly from the source les they
would needto replicate much of the functionalit y of an
assenbler; soit makes better senseto reuseexisting
technology.

The Analysis tools make use of the Fermar trans-
formation engine: assenbler code is translated into
WSL, then a sequenceof transformations is applied
to restructure and simplify the WSL code and remaove
low-level assenbler features. The resulting high-level
WSL code is then analysedfor cortrol °ow and data
°ow and is suxciently high level that it can be trans-
lated directly into C or COBOL. See[15] for a case
study of the automated migration of IBM assenbler
to excient and maintainable C code. The high-level
WSL alsoforms the basisfor a transformation reverse
engineeringto an abstract speci cation in [16].

The assenbler to WSL translator includes the fol-
lowing features:

2 Standard opcodes: Each assenbler instruction is
translated into WSL statemerts which capture
all the e®ectsof the instruction. The machine
registersand memory are modelled asarrays, and
the condition code as a variable. Thus, at the
translation stagewedon't attempt to recogniseif
statemerts” assud, we translate into statemerts
which assignto cc (the condition code variable),
and statemerts which test cc.

2 Standard system macros for Te handling etc.
When translating a GET macro, for example, the
system determines the error label (if any) and



end of Te condition label (by searding for the
data cortrol block declaration) and inserts the
appropriate tests and branches.

User macros can be added to the translation
table, with an appropriate WSL translation. If
a macro is found which is not in the translation
table, then the macro expansion is translated.
If there is no macro expansion, then a suitable
procedurecall is generated.

All structured macros are handled by simply
translating the macro expansion: this replacesthe
structure by equivalent branchesand labels, but
our restructuring transformations are powerful
enoughto recover the original structure in eadh
case.

The condition code is implemented as a variable
(co: this is becausewhen a condition code is
set it is not always obvious exactly where it will
be tested, and it may be tested more than once.
Specialised transformations convert conditional
assignmeis to cc followed by tests of cc into
simple conditional statemerts.

BAL/BAS (Branch and Save), and branch to
register: this is handled by attempting to determ-
ine all possibletargets of any branch to register
instruction by determining all the placeswhere a
return addresscould be saved, or where a modi-
“ed return addresscould end up at. Each label is
turned into a separateaction with an assaiated
value (the relative address). A \store return
address"instruction storesthe relative addressin
the register. A \branch to register" instruction
passeghe relative addressto a \dispatch" action
which tests the value against the set of recorded
values, and jumps to the appropriate label. This
can deal with simple casesof addressarithmetic
(including jump tables) but may theoretically be
defeatedif more complex addressmanipulations
are carried out beforea branch to registerinstruc-
tion is executed.

Simple external branches (external subroutine
calls) are detected.

Simple jump tables are detected: the code for
detecting jump tables can be customisedand ex-
tended as necessary

EXecute statemerts are detected and generate
the appropriate code (the executed statemert is
translated and then modi ed appropriately). The

\Execute" (EX) instruction in IBM assenbler is
a form of self-madifying code: it takestwo para-
meters, a register number and an addressof the
actual instruction to be executed. If the register
number is non-zero, then the actual instruction
is modi ed by the register contents before being
executed. Execute instructions are typically used
to createa variable-length move or compareoper-
ation (by overwriting the length "eld of a normal
move or compare instruction).

2 Data Declarations: all assenbler data (EQUates,
DS, DC, DCB etc.) are parsedand restructured
into C unions and structs, where appropriate.

2 DSECTs are converted into pointers to structs
(whenewer the DSECT's baseregisteris modi ed,
the appropriate pointer is modi ed to keepit in
step).

2 EQUates are translated as #de nes, apart from:
(@) \EQU*" in a data area, which is translated
as an appropriate data elemen, and (b) \FOO
EQUBAR which is recorded as declaring FOQas
a synorym for BAR(If the C translation of BARs
baz.bar , for example, then the C translation for
FOQwill be baz.foo ).

2 Self-madifying code: caseswhere a NOP or
branch is modi ed into a branch or NOP are de-
tected and translated correctly (using a generated

°ag).

2 C header Tes are generated automatically: one
for the main program and separate header Tes
for each DSECT referenced.

2 Structured and unstructured CICS calls (eg
HANDLRID, HANDLECONDITIONare translated
into the appropriate code. Unstructured CICS
calls are translated into equivalent structured
code through a medchanismwhich canbe extended
to other macro packages,eg databases,SQL, etc.

The aim of the assenbler to WSL translator is to
generateWSL code which modelsasaccurately aspos-
sible the behaviour of the original assenbler module:
without worrying too much about the size, exciency
or complexity of the resulting code. Typically, the
raw WSL translation of an assenbler module will be
three to v etimes bigger than the source’ le and have
a very high McCabe cyclomatic complexity (typically
in the hundreds, often in the thousands). This is, in
part, becauseevery \branch to register" instruction



branchesto the dispatch action, which in turn contains
branchesto every possiblereturn point.

Howewver, the Fermal transformation engine in-
cludes some very powerful transformations for sim-
plifying WSL code, remaving redundancies, tracking
dispatch codes, and so on. In most casesFermar
can automatically unscranble the tangle of \branch
and save" and \branch to register" code to extract
self-cortained, single-erry single-exit proceduresand
so eliminate the dispatch action. In addition, Fermar
can nearly always eliminate the cc variable by con-
structing appropriate conditional statemerts.

The resulting WSL code, after automatic trans-
formation, can then be processedby seweral analysis
tools. Analysis of the transformed WSL code provides
much more information, and more accurate informa-
tion, than could be provided by a direct analysisof the
original assenbler. For a start, there are fewer nodes
in the control °ow graph for the WSL code. There
are also considerably fewer edgesin the cortrol °ow
graph: for example,the raw WSL contains edgesfrom
every \branch to register" instruction to the dispatch
procedure, which in turn has an edgeto every pos-
sible return point. The transformed CFG has usually
eliminated the dispatch procedureand replacedall the
\save return address" and \branch to register" code
by a hierarchy of single-erry single-exit subroutines.
The result is much more accurate cortrol and data
°ow information.

5.6.1 Control Flow Analysis

The Control Flow Analysis tool breaks up the struc-
tured WSL into basic blocks and usesthese to con-
struct the nodes of the control °ow graph. From this
graph we can calculate the dominator tree [5] and con-
trol dependenceinformation. The \control dependen-
cies" of an instruction are those branch statemerts
which control whether or not the given instruction is
executed. To be precise: if one arm of the branch is
taken, then the giveninstruction will evertually be ex-
ecuted (provided the program terminates at all), while
if the other branch is taken then the program may
terminate without executingthe given instruction.

The control dependenceinformation is then trans-
ferred bad to the assenbler listing and recorded as
commerts. The user can then seea graphical display
of the dominator tree and control dependencegraph,
aswell asdisplaying and browsing control dependence
information in the editor.

5.6.2 Data Flow Analysis

The dominator tree is used to compute the Static
Single Assignment (SSA) form of the WSL code [2].
From this, use-defand def-usechains can be computed
with ease. Again, this information is recordedin the
assenbler source Te ready for browsing via the editor
and other tools.

The user can click on any data elemen and in-
stantly "nd all the placeswherethis data elemern gets
assigned(showing only those assignmers which reach
the current position in the program), and all those
placeswherethe current value of the data elemen gets
used. This sort of information is extremely important
for debuggingand for impact analysis.

5.6.3 Program Slicer

Any instruction or data item in the program can be
selectedand a \program slice" [20] computed and dis-
played. This may be either aforward sliceor badkward
slice.

5.6.4 Migration Tools

See[15,16]for a description of the Fermal migration
technology.

Note: at the time of writing (January 2001), the
analysistools (apart from the migration tools) are still
being implemented and integrated with the rest of the
Workbend.

6 Results

The results from using the Fermalr Workbend on
major re-engineeringprojects have so far been very
encouraging. The tool hasrecertly beenusedsuccess-
fully on two Euro assessmenprojects.

6.1 Euro Assessment

With the introduction of the Euro currency
throughout much of Europe, banks and other n-
ancial organisations will have to make some major
enhancemets to their software systems. A Euro pro-
ject involves much more than simply adding another
currency to the system: there are complex rules to
determine how to cornvert to and from the Euro, and
theserules are enforcedby legislation. As a result, a
Euro corversionis likely to be an order of magnitude
more complex than a Y2K corversion.

The “rst stagein a Euro corversion project is the
Assessmen Phase: where the aim is to determine



precisely which lines of code need to be changed.
Assessmetninvolvesthe following steps:

1. First collect the source and run an automatic
inverntory report. Depending upon how many
missing dependencieghere are this may take sev-
eral passedo obtain a full inventory;

2. Then, scanthe copybooks/macros for details of
all data declarations;

3. Then enter the Seek Table Utilit y which uses
details of the data declarationsto assistthe user
to dynamically (i.e. without requiring a rescan
of the source) produce a base SeekTable, based
upon commerts and data types;

4. The rest of the source modules are scannedfor
data declarations and this information is again
passedonto the SeekTable Utilit y. Where there
are distinct businessareas(with few shareddata
namesand structures), the rest of the assessmen
project can be conducted in parallel for eadh
businessarea;

5. The baseSeekTable is then further tweaked for
the sourcemodulesin eat businessarea;

6. The SeekTable Utilit y then exports a matched
“eld list for every module, to take into ac-
court "elds with the same namesbut di®erer
useswithin di®erert modules (e.g. work “elds).
The Data Impact Scanner then reads in these
\matc hed "eld lists" and nds ewvery instance of
ewvery required eld in every module. Reporting
information is output that can be imported into
databases/spreadsheets.

In our experience, the whole assessmenprocesscan
be completed in about "ve man days for a typical
500K LOC system. Larger systemsdo not require
proportionately more e®ort becausethere are usually
commonlibrary modulescontaining alarge proportion
of data declarations.

To put this into perspective, one customer stated
that what was achieved in one morning using the
Fermal Workbench (producing a good quality base
seektable) had taken them seweral weeksof on and
o®work to do manually: this is equivalert to seweral
days of full time work. We estimate that using the
Fermall Workbend reducesthe total e®ort by an
order of magnitude, whilst improving the consistency
and quality of the results.

7 Availablilt y

The Fermall Workbend is currently available for
both commercial and academic use. Commercial
usersshould contact Simon Grant of Software Migra-
tions Ltd (Simon.Grant@SMLtd.coi academicusers
should contact the author (Martin.Ward@SMLtd.com
At the time of writing (January 2001) the cortrol
°ow, data °ow and slicing tools are currently being
implemented and integrated with the Workbend and
will appearin a later version.
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