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ABSTRACT

Analysis and Reverse Engineering of Code Using Hierarchy and Yourdon (ARCHY)
diagramsis a tool for developmentandmaintenanceof FORTRANprograms.WhenFORTRAN
sourcecode is readby ARCHY,it automaticallycreatesa databasethatincludes a datadictionary,
which lists each variable,its dimensions, type, category(set, referenced,passed), module calling
structure,andcommonblockinformation.The databaseexists in an ASCII file thatcan bedirectly
edited or maintained with the ARCHY database editor. The database is used by ARCHY to
produce suucmre charts and Yourdon data flow diagrams in PostScript format. ARCHY also
transfers database informationsuch as a variabledefinitions, module descriptions,and technical
references to andfrommoduleheaders.

ARCHY contains several utilities for making programsmorereadable. It can automatically
indent the body of loops and conditionals and resequence statement labels. Various language
extensions are translated into FORTRAN-77 to increase code portability. ARCHY frames
comment statementsandgroups FORMAT statementsat the endof modules. Itcan alphabetize
modules within a program,end-of-line labels can be added, and it can also change executable
statements to upperor lowercase.

ARCHY runs underthe VAX-VMS operating system and inputs from VAX-FORTRAN,
IBM-FORTRAN,and CRAYFORTRAN sourcef'fles.

INTRODUCTION

This paperdescribesa setof softwaretoolscalled ARCHY thatweredevelopedin the Reactor
Physics Group of the SavannahRiver Laboratory,which is operated for the U.S. Deparunentof
Energy by Westinghouse Savannah River Company. In the following sections, the need for
reverse engineering tools within the computer industry is assessed. How ARCHY is used to
analyze and maintain existing applications and how it is used to develop new applications is
discussed. The last sectionprovidesa summaryof the benefits of ARCHY.
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DISCUSSION

Why Reverse Engineering Tools Are Needed

This section describestheproblemthat ARCHYwas built to solve andexamines thepotential
marketwithin the computerindustryfor a productlikeARCHY.

There is a substantialinvestmentwithin industryin computerapplicationsthat arewrittenin
Third Generation Languages (3GL) such as FORTRAN. A study by Digital Equipment
Corporation estimated thatit would cost more than $2 trillion to replace all of their3GL code)
Manyof today'sscientificapplicationsare large programswrittenin FORTRANbefore the advent
of structuredprong or designmethodologies such asthe Yourdonmethod. Inmany cases
thedocumentationforthese programsis often nonexistentorsketchyat best andthe design usedto
develop the programis completely missing. Many of these programsare being maintained by
expertswho areapproachingretirement.

The need to maintain FORTRAN programs is likely to continue for some time as most
scientistsandengineersarewellgroundedinthelanguage.InLevesque2,itisrelatedthatJohn
Backuswasonceaskedbyaninterviewerwhatwouldbethenatureofthelanguagerunningon
supercomputersintheyear2000,He replied,"Ican'ttellyouanythingaboutits.nature,butI
knowwe willcallitFORTRAN."

Maintenanceofexisting3GL applicationsisexpensive.Numeroussurveyshaveshownthat
70to80percentoftheeffortwithinthelifecycleofanapplicationisdevotedtomaintenance,sA
surveybyDigitalEquipmentCorporationIfoundthatthereisanaverageof170,000linesof3GL
codepermaintenanceprogrammerwithenhancementsbeingperformedattherateofIto2lines
perday.Clearlythereisaneedfortoolsthatcanenhancesoftwaremaintenanceproductivity.

Computer-AssistedSoftwareEngineering(CASE)toolsarehardtocostjustify.CASE tools
aredesignedtoeasemaintenancebyautomaticallygeneratingcodebasedonthespecificationor
designofanapplication.Thenwhentheprogrammustbechanged,thespecificationischanged
anda modifiedprogramisregeneratedusingtheCASE tool.The costsforCASE hardware,
software,andtrainingforatypicalscenarioareestimatedat$30,000perprogranuner.3 Inaddition
toinitialcostthereistheinevitablelossofproductivityasprograrnmersconverttouseoftheCASE
tool.ProgrammerproductivityisdifficulttomeasureanduseofaCASE tooloftenimposes
adherencetoaparticulardesignmethodology,whichcanbeamanagementproblem.Furthermore
manyCASE toolsaredesignedonlyforuseindevelopingnewapplicationsandprovidenohelpin
themaintenancephaseofthesoftwarelifecycle.

ThereisagreatneedforCASE toolstoeasemaintenanceofexistingFORTRAN programsby
makingprogramsmorereadableaswellasprovidingtoolsfordocumentingprogramsand_he
underlyingdesignwithintheprograms.Theremainderofthispaperdescribeshow ARCHY meets
thisneedaswellasdescribinghowitmay beusedtodevelopnewsoftware.
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WHAT ARCHY DOES

ARCHY Is Used to Reverse Engineer Code

.... Often the responsibility for maintaining a large FORTRAN programis transferredto an
individual and the program is accompanied by minimal or nonexistent documentation. Upon
examination of the source code, the unfortunate new maintainer may find it incomprehensible
because of statement numbers in random orderand lack of comment lines and indention. This
section showshow ARCHY is used to assist a maintainer in such a predicament.

Figure. 1 is a dataflow diagram that shows an overview of the sequence in which various
ARCHY tools areused. Each step in the sequence is then expanded in moredetail. The diagram
uses the Yourdon symbology wherein files or data stores are represented by parallel lines,
transforms (i.e., programs) are representedby circles, and the flow of data between a transform
and file is represented by an arrow.

File 1 (Figure 1) is a messy program that needs to be cleaned up in order to be easily
comprehendedby the maintainer. It is fed into the cleanup utilities thatproducea programwith the
body of loops and IF-THEN-ELSEstatements indented, statement numbers in sequence, modules
alphabetized and separated, comment lines frame,d, and end-of-line labels appended. Next the
unfamiliar sourcecode i._processed by the DECIFE program,which creates a database of entities
within the programincluding modules with theircalling structure, variables,and comnmn blocks.
This database (file 3 in Figure 1) is then accessed by various report writing programs such as
STRUCT (not shown), which produces a structurechart that shows what submodules are called
by each module. The maintainer then enters descriptions of modules, variables, and common
blocks into the database using the DB program. Lastly, INCORP is used to put descriptive
information from the database into the programin the form of comment statements at the headof
each module.

The cleanup utilities arebest illustratedby an example of what a programlooks like beforeand
after cleaning. Programs always behave in an identical manner aftercleaning as they do before
cleaning. The only benefit of cleaning is to makea program easier to read and thus easier to
understand. Figure 2 shows a program before cleaning (a) and the same programafter cleaning
(b). The indention of the body of control structures, resequencing of statement numbers,
alphabetizing of modules, and framingof comment lines ali serve to enhance programreadability.
Other features of the cleanup utilities include the conversion of certain non-standard language
extensions to FORTRAN-77. These include the VAX TAB format, Hollerithconstants, and end-
of-line comments.

Figure 3 shows the type of information that is storedin an ARCHY database when a
program is analyzed by the DECIFE utility. The database is organized into seven tables, of
which, three are shown in Figure 3. The other four tables contain information used to
generatedataflow diagrams. The database is actually just an ASCII file, which means it is
portableand can be easily browsedor modifiedusing any text editor. The ARCHY system
also includes a menu-driven database editor, which ensures that the database is in the
properformatand performsreferential integritychecks. The database is useful as a point
of referencewhenexamining a particularmoduleor variable. Variousreportsbased on the
database contents are printed by ARCHY including a data dictionary of variables, module
descriptions, and structurecharts.
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File 1 \_.

PROGRAM.FOR; 1
File 2

PROGRAM.FOR;2

DECIFE
Make Databa,,
from Existing

3 Program
DB

Edit Database

4
INCORP

Insert Database
Information into
Module Headers

File 3 ---- File 4
PROGRAm?, RCH; 1 PROGRAM.FOR;3

Figure 1. Reverse Engineering Using ARCHY
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a. Before Cleaning

PROGRAM MAIN
200 DO I = 1,3

IF (I.EQ.2) THEN
WRITE (6,250 )

250 FORMAT (' UNEQUAL')
ELSE
GOTO 40
ENDDO

40 WRITE (8,300)
300 FORMAT (IX,7HTHE END)

CALL A
STOP
END
SUBROUTINE A
WRITE (6,Iii)

Iii FORMAT (IX, 'PROGEND' )
RETURN
END

' b° After cleaning

program main MAIN0001
I0 do i = 1,3 MAIN0002

if (i.eq.2) then MAIN0003
write (6,9010) MAIN0004

el se MAIN0005
goto 20 MAIN0006

endif MAIN0007
enddo MAIN0008

20 write (8,9020) MAIN0009
call a MAIN0010
stop MAIN0011

9010 format (' UNEQUAL') MAIN0012
9020 format (Ix, 'THE END') MAIN0013

end MAIN0014
*************************************************************************

************************************************************************

subroutine a A 0001
write (6,9010) A 0002
return A 0003

9010 format (ix, 'PROGEND') A 0004
end A 0005

Figure 2. Program Before and After Cleaning
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Modules

Description (purpose, history, theory, algorithm)
Catled modules
Variables (external or imemal, referenced or set)
Parameters

Data Dictionary of Variables
Definition
Dimensions
Type
Modules Using (in case of duplicates)

Common Blocks
Description
Module
Variables

Figure 3. ARCHY Database _tructure

The structure chart output by the STRUCT program of ARCHY in PostScript format is
extremely useful to the maintenance programmer. An example of such a structure chart is shown
in Figure 4. Each box in the chart represents a module, and boxes under a box are the ones called
from that module. In this example, CLEAN, ALPHA, and LABEL are ali modules that are called
by the BEAUTIFY module. The descriptions in each box are stored in the database and must be
input by the user.

As the maintainer gains understanding of the program, variable definitions, common block
descriptions, maintenance history, and information about the theory and algorithm used in the ._od¢
may be entered into the database. This descriptive information is then tmnsfeneA to the program in
the form of module headers by using the INCORP program. An example of a module header is
shown in Figure 5. The header format can also be read by the DECIFE program, which stores the
descriptive information in the ARCHY database. This feature is useful for two reasons:

o It allows the programmer to modify descriptions in the header as the program is modified and
then feeds the modified header information to the database instead of modifying database
descriptions separately from the program modification; and

• It provides the ability to read database information from module headers thus allowing the
maintenance programmer to make use of an existing header at the beginning of the task of
maintaining a program.

The maintainer simply edits the header of the program to make it conform to the ARCHY format,
then runs DECIFE, and the descriptions are stored in the appropriate fields in the new ARCHY
database.
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************************************************************************* .

c #
c Module name: #
c GETCALLS #
c #
c Purpose: #
c Read XRF file and store the modules called by each module #
c #
c History: #
c John Aull; WSRC; 6/01/90 Mod- SDCN#17;6/28/90;JEA #
c #
c Structure chart description: #
c GET LIST OF WHAT MODULES ARE CALLED. #
c #
c Called modules : . #
c FINDLEN132 FINDCHAR #
c #
c External variables - used: #
c NMOD 1"4 #
c NUMBER OF MODULES #
c #
c #
c External variables - set: #
c #
c MODULE (I00,50) CHAR*32 #
c MODULE NAME ALONG WITH ALL THE MODULES IT CALLS. #
c #
c #
c Internal variables : #
c ACHAR CHAR* 132 #
c Line read from .XRF file. #
c #
c IST 1"4 #
c Starting point for scan. #
c #
c LENL 1"4 #
c LENGTH OF A STRING. #
c #
c #

*************************************************************************

, Figure 5. Module Header
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ARCHY Database Is Maintained as the System Is Modified

The ARCHY database is easily updated as the program goes through extensive modification. The
procedure for updating the database duringthis programmodification is shown in Figure6. The
ftrst transformrepresents the modification of a programby a programmer. As the programis
modified, the programmermay not bother to make the correspondingchanges to the ARCHY
database. Aftercompletingthe modification, a newdatabaseis generatedusingDECIFE,and then
the MIX programis executed, which is ableto extractthedescriptivematerialfromthe old database
and merge it with the newdatabase.

File 2
PROG.FOR;2
_ d

q

i

_q

' ._/ ,

File 4 File 3

, _ PROG.RCH;2 _PROG'RCH;1

• , ' / '

,/

File 1 , , _,_/

' [ Merge Two I
Dfffe_t ]

k Databases /

. __._.,_'°_ _

File 5
PROG.RCtt;3

Figure 6. Major Program Modification Using ARCHY
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ARCHY Is Used For Development of New Software

ARCHY is also useful in development of new applications as illustrated in Figure 7. This
process begins with the entry of descriptive information about files, transforms, and datafiows,
which are stored in separate tables in the database. The designer must also specify the location of
these symbols, which are stored in a fourth table. The DATAFLOW utility then generates a
dataflow diagramin a PostScript f'fle. In fact, Figure 7 is a dataflow diagram that was generatedby
the DATAFLOW program. Next, the designer enters modules and variables into the database.
The SKELETON utility generates a skeleton program consisting of subroutine calls to each defined
module along with the the SUBROUTINE statement for the module and type statements for the
variables within that module. Descriptive information like that in the module headers is printed ,_
out. This information is referred to as a module design sheet and serves as an instruction sheet for
the progrmrunerdeveloping the,module.

i

DATABASE

_ ,

File 2

Dataflow
Diagram _

Dataflow ]

Figure 7. New Development with ARCHY
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TRAMP is another ARCHY utility that is useful in new code development. As development
proceeds, it is often found that a variable that exists in one module is nec'Aed in another module.
TRAMP adds the missing variable to ali the intervening subroutinecaUs so that it is delivered to the
module that needs it.

Details of ARCHY Execution

ARCHY runs on a VAX under VMS 5.3. It is written in VAX FORTRAN and each of the
utilities mentioned pre!/iousiy is actually a FORTRAN program. The system is menu-driven and
the menu program makes use of the DEC SMG library. As previously mentioned, the ARCHY
database is actually an ,_SCII fi_,e. There is one database for each program file and by default, the
database is named with the same name as the program with an ".RCH" extension. ARCHY is
used to analyze IBM FORTRAN and Cray FORTRAN files but :hey must be copied to the VAX
before being fed into ARCHY.

SUMMARY

ARCHY comprises a useful set of software tools that ease maintenance of e_dsting FORTRAN
programs by m_king programs more readable as well as providing the means for documenting
programs and the underlying design within programs. ARCH.Yprovides a relatively painless entry
into the realm of computer-assisted software engineering and, m ad&uon, prowdes an enwronment
for development of new software,
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