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ABSTRACT

esuotysaenasi)SECSIP(metsySgnireenignEedoCecruoStnednepednImroftalPehT
source code revision control, configuration, and automated make file system for use in large

krowotdefiidomseitilituniamodcilbuplarevesfonoitcellocasiSECSIP.stcejorperawtfos
closely together to provide the software engineer with tools to simplify the process of rapidly

smroftalperawdrahsuonegoretehssorcaesabedocecruos++C/Cagniniatniamdnagnitrop
and software environments. This paper describes PISCES, presents a software methodology

rojamehtsessucsid,esabedocecruosagniniatniamdnagnirutcurtsrofledomtnempoleved
components and how they have been modified to closely cooperate with each other, and pro-

.selpmaxedetatonnalareveshguorhtesustiotnoitcudortninasediv

noitcudortnI.1

The Platform Independent Source Code Engineering System (PISCES) is a collection of utilities providing a
dengisedsitI.metsyselfiekamdetamotuadna,noitarugfinoc,lortnocnoisiveredocecruostnednepedni-mroftalp

to be used by engineers on large software projects to control the complexities of source file dependencies and
tliubsiSECSIP.stnemnorivnemetsysgnitarepodnasmroftalperawdrahsuonegoretehssorcasmetsyselfiekam

upon the Revision Control System (RCS), the macro-make file facility (imake), an automatic file dependency list
.)ffid(margorprotaitnereffidelfiUNGehtdna,)ppc(rossecorperpCISNASUCEDeht,)dnepedkm(rotareneg

The immediate impetus for creating PISCES was to ease the process of porting and maintaining a large software
SMVXAVegrala,revreselfixirtlUSPIMa,snoitatskrowCRAPSnogninnur++CdnaCninettirwtcejorp

system, and PS/2 (TM) personal computers running either SCO UNIX or IBM OS/2 (TM) Extended Edition.
-revroftroppushtiwmetsyslortnocnoisiverarofdeenehtdehsilbatsestnemeriuqerygolodohtemerawtfosruO

sioning and strict file locking, a make facility to control the build procedure that gives us a high degree of
gnimrofrepylevisrucerrofsnaemysaenadna,setadpucitamotuadnanoitcetedycnednepedelfiniecnedfinoc

maintenance tasks and rebuilding and running regression test suites. We examined the native tools available on
,revewoh,mroftalpelgnisoN.sksatesehtfohcaeroftroppusfoslevelgniyravdnuofdnamroftalptegrathcae

provided all the desired functionality and no two systems were consistent in either the programmer or command
.ecafretnienil

As a result, we developed PISCES to allow the programmer to have a consistent interface to a common suite of
.smroftalptnereffidyrevssorcasnoitcnufnoitarugfinocdnanoitalupinamedocecruoslufrewopgnidivorpsloot

These tools are all written in C and "glued" together through a single software methodology with an expected
ehT.stnemugradnasemandnammoccfiiceps-enihcamdnasorcamtnednepednienihcamgnizilituroivaheb

__________________
PS/2 is a trademark of International Business Machines Corporation.

.T&TAfokramedartderetsigerasiXINU
IBM is a registered trademark of International Business Machines Corporation.

.noitaroproCsenihcaMssenisuBlanoitanretnIfokramedartasi2/SO
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metsysgnitarepoynagnivomerdnuoraderetnecylegraleraseitilituniamodcilbupehtotedamsnoitacfiidom
bias towards UNIX, completely parameterizing all pathname determination and construction, and allowing for

.tnemnorivneelgnisaniselfitcejbo++CdnaChtobfotnempolevedtniojeht

PISCES does not have infinite flexibility or the capability to solve very complex configuration problems. Rather,
dnuoraderetnecsnoitarepodliubdnanoitarugfinocfo%09ehtroflaedislootfonoitcellocesu-ot-elpmisasiti

construction of C and C++ object files, libraries, and programs on diverse hardware and software platforms. This
agniniatniamdnagnirutcurtsrofledomtnempolevedygolodohtemerawtfosastneserp,SECSIPsebircsedrepap

source code base, briefly discusses the major components and the modifications made to each, examines the sup-
detatonnalareveshguorhtesustiotnoitcudortninasedivorp,tnempolevedmargorprofsnoitcadnaselurdetrop

examples, and lists the requirements and procedure for adding support for a new hardware platform or operating
.metsys

2. Supported Hardware Platforms, Operating Systems, and Compilers

erawtfosdnasmroftalperawdrahrojamlarevesnonurtsumSECSIP,lootelbaeulavdnalufesuaebotredronI
environments. Since our immediate goal was to enable the development and configuration of a large C and C++

-tarepodetaicossadnasmroftalperawdrahxisgniwollofehtdefiitnediew,senihcamtnereffidlarevesnotcejorp
ing systems and language facilities as the minimal required environments on which PISCES should be available

:detroppusdna

• SUN SPARC supporting SunOS(TM) C and the AT&T C++ translator
metsysegaugnal++CsysaOehtdnaCXAVgnitroppusSMV/XAVCED•

• DEC MIPS/Ultrix supporting Ultrix C and the AT&T C++ translator
rotalsnart++CT&TAehtdnaCUNGgnitroppus0051SIT•

• IBM PS/2 running OS/2 EE with IBM C/2(TM) or Microsoft C, and Glockenspiel C++
++CleipsnekcolGdnaC/XINUOCSgnitroppussmroftalp684/683letnI•

The various UNIX environments are fairly similar and represent relatively easy platforms to support. The VMS
-pusottlucffiiderew,secalpni,dnanoitazinagrodnaerutannitnereffidetiuqera,revewoh,smetsys2/SOdna

port. Since portability and identical functionality are important PISCES attributes, we have restricted or limited
gniddA.yawlacitnedinanistnemnorivnellanodetroppusylisaeebtonnactahtserutaefdnasnoitarepoesoht

support for another hardware platform or operating system and identifying the operations and functionality
-norivnEdnasmroftalPlanoitiddAotSECSIPgnidnetxE,noitcesehtnirepapsihtniretaldessucsidsideriuqer

ments.

3. The PISCES Source Code Engineering Methodology

.yranoituloverrowenyllatnemadnufgnihtonsiSECSIPdnihebygolodohtemgnireenigneedocecruosehT
Rather, it is a combination of common sense and ideas based upon the experience of many people in building

tnatropmitsomehtdefiitnedieW.smroftalperawdrahfosepyttnereffidlarevesnosnoitacilppadlrow-laer
features and typical problem areas common in large software projects in order to try to put together a system to

tahtmsinahcemevisurtbodnaegralaybderepmahebottnawtondidew,sreenignesA.mehteldnahyltneicffie
would be bypassed and ultimately wither except for the dictate of a manager. On the other hand, having seen

emosfonoitisopmiehteriuqerylbaborpdluownoitulosatahtdezilaerew,dnahtsrfismelborpehtfoynam
structure and organization. Thus, the PISCES source code engineering methodology addresses the following

:stniop

• Directory structure and organization
metsysnoisiverdnalortnocedocecruoS•

• Isolation of machine and operating system dependencies
edoctsetnoissergerlevelmetsysdnatinU•

__________________
SunOS is a trademark of Sun Microsystems, Inc.

.noitaroproCtfosorciMehtfokramedartderetsigerasitfosorciM
C/2 is a trademark of International Business Machines Corporation.
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noitazinagrOdnaerutcurtSyrotceriD.1.3

A large software product can typically have hundreds of header and source files. As a result, nested subdirec-
-aicossahguorhtstnenopmocdetalerfognidnatsrednuehtyfilpmisdnaselfiehtezinagrootdesuebdluohsseirot

tion in the same module. PISCES supports nested and recursive subdirectory make file invocation for all
,eertecruosehtfopotehttadetavitcaebnacytivitcadliubA.tnemetatselgnisahguohtseitivitcatnempoleved

in which case all subdirectories will be affected. Alternately, a single subdirectory at some intermediate point in
ehtniselfiehtnodemrofrepebnacnoitarepona,yllaniF.yltnednepednihtiwdekrowebnaceertecruoseht

current directory, with subdirectories below subsequently processed for the same operation.

metsySnoisiveRdnalortnoCedoCecruoS.2.3

We strongly believe that all software systems should be developed and maintained within the structure of a
ycnednepeddnaselursetarenegyllacitamotuadnaSCRsesuSECSIP.metsysnoisiverdnalortnocedocecruos

lists to support this system. As engineers, however, we strongly recognize the way in which such a system can
ottsujserusaemlavorppacitarcuaerubhguorhtogotdecrofsiohwremmargorpafoytivitcudorpehtrepmah

change a comment or make a minor change. As a result, PISCES makes use of the distinction between major
ronima;tnioplamicedehtsedecerprebmunnoisiverrojamA.SCRybdetroppussrebmunnoisiverronimdna

revision number follows the decimal point. Thus, a file with revision 3.27 would indicate minor revision 27 after
.esabecruosgnitratslevelnoisiverrojamdrihteht

Major revision numbers should mirror significant functionality changes, completion of milestones, or releases to
-iverroniM.redaelroreganamtcejorpaybdellortnocyltcirtsebdluohsdnanacesehT.sremotsucdnasetisateb

sion numbers, on the other hand, should identify intermediate check points for source code modifications made
elbaecartdnatneuqerfafotfienebehtsreffosihT.slevelnoisiverrojamneewtebmaetgnireenigneehtyb

change history without the burdens and overhead of approval cycles and paperwork. When a source code base is
txenehtotdetnemercniyllacitamotuaerametsysehtniselfilla,rebmunnoisiverrojamtxenehtot"pu-dever"

revision, whether or not there has been a change. PISCES generates rules in the make file to allow past major
fosnoisrevredlognitroppushtobrofdesuebotesabecruoselgnisagniwollasuht,tliubebotslevelnoisiver

software as well as maintaining the current version.

seicnednepeDmetsySgnitarepOdnaenihcaMfonoitalosI.3.3

The key motivation for PISCES is portability across heterogenous hardware and software platforms. As a result,
ecruostsom,suhT.tnednepednienihcamsimetsyssihtrofedocecruosehtfonoitropegralatahtemussaew

code files are located in the main module subdirectories. Nevertheless, the necessity for machine and operating
ynamfoesueht,revewoH.snoitacilppaxelpmoc,tneicffieroftnemeriuqernommocasiedoccfiicepsmetsys

#ifdef statements to handle such machine dependencies is strongly cautioned against. It is our belief that #ifdef
-ulcniehtelpmaxerof,smroftalpssorcasecnereffidronimyreveldnahdnayfitnediotdesuebdluohsstnemetats

sion of function prototypes for ANSI C compliant compilers or the identification of a missing function in a stan-
gnisrap/noitcurtsnocemanhtapsahcus,secnereffidtnacfiingiS.metsysgnitareporalucitraparofelfiredaehdrad

or memory allocation schemes, should be isolated in a machine-specific subdirectory whose name is the same as
:denfiedyltnerrucerasemanmroftalpgniwollofehT.SECSIPnidesutaht

mips -- DEC/MIPS workstation running Ultrix
SOnuSgninnurnoitatskrowCRAPSnuS--craps

vms -- DEC VAX machine running VMS
xinUOCSgninnurmroftalp68308letnI--683ocs

os2 -- PS/2 running IBM OS/2 extended edition
VmetsySITgninnur0051SIT--0051it

Thus, a software subdirectory structure would have at or near the top level a machine subdirectory that con-
.mroftalpdetroppus-SECSIPralucitrapafoemanehtsiemanesohwseirotceridbusdnaelfiekamInadeniat

When a software system is built, only that subdirectory whose name matches the system-type name defined in
sahnoitazinagronoitalosisihT.dehcuotnuniamerseirotceridbusmroftalprehtO.tliubsielfiekamIlevelpoteht

two benefits. First, when porting a software source base to a new platform, most if not all machine-specific
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functionality is already identified. Second, the remaining source code is relatively uncluttered with #ifdef state-
.esabedocecruoselbadnatsrednudnaelbadaereromarofgnikamsuht,stnem

3.4. Unit and System Level Regression Test Code

We believe the importance of unit-level and system regression test code cannot be stated strongly enough. Indi-
ehtrofedoctsetlevel-tinugnitirwemitriehtfonoitroptnacfiingisadnepsdluohstcejorpafosrebmemlaudiv

areas and modules for which they are responsible. System level test code should be coordinated by a full time
ehT.tnempoleveddnangisedstinietapicitrapdluohsrebmemtcejorpyrevednareenigneytilauqerawtfos

PISCES rules and actions support a system-level test code subdirectory and unit-level test code subdirectories
-pusyltceriderastsetnoissergernurdnaedoctsetehtdliubotselurcfiicepS.yrotceridbuseludomhcaewoleb

ported and automatically inserted into a generated make file.

stnenopmoCSECSIPehT.4

PISCES consists of the following five components: the Revision Control System (RCS), the macro-make file
dna,rossecorperpCISNASUCEDeht,)dnepedkm(rotarenegtsilycnednepedelficitamotuana,)ekami(ytilicaf

the GNU diff program. All components are available in the public domain with no fees or royalities attached.
-ipyterastnenopmocesehtfoemoshguohtlA.ytilauqhgihlanoitpecxefodnaCninettirweralla,noitiddanI

cally available on an individual system, we decided to use the PISCES versions in all cases so as to assure the
-liavaedamebdluohsSECSIPtahteveilebeW.smroftalpllassorcaserutaefdna,ytilanoitcnuf,ecafretniemas

able in the public domain for others who might find it useful. The following sections briefly discuss each com-
.smroftalpllanoSECSIPtnemelpmiotedamsegnahcdnasnoitacfiidomyfitnedidnatnenop

4.1. The Macro Make Facility (imake)

Imake is a tool available on many UNIX platforms that assists with the task of building a software system con-
ffohnurBddoTybdepolevedyllanigirosawekamI.seicnednepedforebmunegralahtiwselfiynamfognitsis

for the MIT X11 source distribution as a utility to simplify the process of configuring and building the X win-
)elfiekamIeht(elfiekam-orcamanorossecorperpCehtsesuekamI.]1[XINUfosrovaflsuoiravnometsyswod

to generate a make file for a particular system. Imake uses a predefined template file for default values and
-moccfiiceps-tcejorprofelfitcejorpa,seicarcnysoididnasemanhtapcfiiceps-metsysrofelfietisa,sdnammoc

mand names and procedures, and a set of support macros for tying everything together. An Imake file is
elfietalpmetafonoitiddaehtylnoseriuqermroftalprometsysgnitarepowenaroftroppus;tnednepedni-metsys

for that system. The Imake file specifying the dependencies and relationships between files in the software sys-
-mocetanretla,snoitporelipmocsahhcus(seicnednepedenihcamswollasihT.egnahctonseodtliubebotmet

mand names, and special make rules) to be kept separate from the descriptions of the various items to be built.

dnasmroftalpdesab-XINUforebmunaroftroppussedivorpekamI,epatecruos4R11XehtnoelbaliavasA
environments to ease the building of X on a particular system[2]. However, Imake makes several assumptions

,noitalupinam/noitcurtsnocemanhtaperahcihwfosuoivbotsomeht,nurgniebsitihcihwnomroftalpehttuoba
the existence of a named pipes facility, and the availability and location of a C preprocessor. In addition, the

,hcussA.resuecivonehtotgnisufnocdnaerutannicfiiceps-XINUdna-Xhtobsidedivorpsorcamfonoitcelloc
it is unsuitable for use on such platforms as OS/2 and VMS or in situations where the programmer is not an

ekamIfonoisrevSECSIPehT.metsysgnitarepoXINUehtdnarossecorperpCafoseicacirtniehtnotrepxe
makes no such assumptions and has been rewritten to use "plain vanilla" C code that can be compiled and exe-

evahelfiekamInaniremmargorpaybdesusorcameht,noitiddanI.relipmocCahtiwsmetsystsomnodetuc
been simplified and restructured to provide support for simultaneous development of both C and C++ object

serutaefcfiiceps-Xdnametsysgnitarepofolavomerdna,noitcurtsnocdnaxatnysemanhtapdeziretemarap,selfi
such as shared libraries and server/client operations.

Two other significant modification made to Imake for PISCES are the addition of several special characters used
ehtoteuD.selfinoitarugfinocekamisuoiravehtfosemanelfidenetrohsehtdnaroivahebniatrectneserperot

behavior and idiosyncracies of the C preprocessor, Imake uses the character strings "@@\" to indicate a con-
,tnemercedrotnemercnidluohsekamItahtetacidniot"-@"dna"+@",elurekamInanienilnoitaunit
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etairporppasadetouqebdluohsgnirtsatahtetacidniot"!@",rebmungniwollofyletaidemmieht,ylevitcepser
for a particular operating system, and "@#" to indicate that a line is a make file comment line. The names of the

erasemanelfiehT.smroftalpXINU-nonotelbatropmehtekamotdefiidomneebevahselfinoitarugfinocekamI
listed below, with the modified name shown on the left and the original X11R4 file name given on the right:

>elfitnelaviuqeon<kmi.etirypoc
platform.cf <platform configuration file>

fed.etiskmi.etis
project.imk Project.tmpl

lpmt.ekamIkmi.ekami
imake.rul Imake.rules

The first file inserts a company-specific copyright notice into each generated make file. The second file is the
rofswollaelfidrihtehT.sorcamdnasdnammocSECSIPtluafededirrevootelfinoitarugfinoccfiiceps-mroftalp

specification of any site parameters, such as the location of the standard C and C++ header files. The fourth con-
etalpmetekamIcirenegehtsihtffiehT.noitamrofnicfiiceps-noitacilpparehtodna,semanhtap,semanelfisniat

that controls the order and type of information used to create a make file. The last contains the default Imake
-kool,seirotceridhcraeshtapedulcniehtgnolaselfiesehtrofsehcraesti,nursiekamInehW.sorcamdnaselur

ing first in the top level project subdirectory and then in the main PISCES configuration directory.

)dnepedkm(rotareneGycnednepeDeliFcitamotuAehT.2.4

The make depend utility on the X11R4 source tape is associated with Imake and follows the include statements
ycnednepedsihT.noputnednepedsihcaetahtmetsysehtniselfirehtollaenimretedotelfiecruoshcaehguorht

list is then appended to the generated make file so that if one or more dependent files are modified, the affected
tuobasnoitpmussaforebmunaeraereht,revewoh,ekamIhtiwsA.ylgnidroccadelipmocerebnacelfiecruos

the system and the nature of the dependencies, particularly concerning pathname construction, file name exten-
.tsilycnednepedehtfoerutcurtsehtdna,snois

The PISCES version of mkdepend performs the same operation as the original version, but does so in a more
llanonoitucexednanoitalipmocrofwollaotyrassecensegnahcotnoitiddanI.rennamtnednepednimroftalp

hardware platforms and software environments, the most significant modification made is the manner in which
rofedivorpsnoitpoenildnammoclanoitiddalareves,ralucitrapnI.detalupinamdnadetcurtsnocerasemanhtap

specification of starting and ending pathname strings, support for generation of RCS dependencies, and the path-
-nepedwollaotedamerasnoisnetxeemanelfiotsegnahcdnasnoitpmussa,yllaniF.retcarahcrotarapeseman

dency lists to be created for RCS, header, C source, C++ source, and object files. Control and invocation of
.remmargorpehtmorfneddihyletelpmocsidnaekamIybdeldnahsidnepedkm

4.3. The DECUS ANSI C Preprocessor (cpp)

Many C and C++ language implementations separate the preprocessor and compiler functions. Others, (such as
otnirelipmocdnarossecorperpehtenibmoc,)relipmoc2/CMBIehtrometsysegaugnal++CleipsnekcolGeht

one step. Since we needed a portable utility to massage macro make files that works under both scenarios, we
eht,suhT.teslootSECSIPehtfotrapsadedulcniebdluoctahtrossecorperp-CISNAnatcelesotdediced

PISCES preprocessor is derived from and based upon a public domain C-preprocessor (the DECUS C preproces-
neebsahtI.TIMmorfepatecruos3R11Xehtnodeilppusdnapuorgs’resUCEDehtybelbaliavaedam)ros

modified to run on each of the target platforms and to comply with the draft ANSI C specification[3] with the
.detroppustonerasecneuqeshpargirttahtnoitpecxe

4.4. The Revision Control System and File Differentiator (RCS and diff)

-moCfotnemtrapeDehttayhciT.FretlaWybnettirwlooterawtfosasi)SCR(metsySlortnoCnoisiveRehT
puter Sciences at Purdue University available on a wide variety of UNIX systems that assists with the task of

deredisnocylediW.]4[dezinagrollewsnoitarugfinocdnasnoisrevynamfognitsisnocmetsyserawtfosagnipeek
to be an efficient next-generation source control system to the popular SCCS, RCS manages revisions of text

tI.rennamtneicffieemitdnaecapsaniatadtsetdna,noitatnemucod,smargorpecruosralucitrapni,stnemucod
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rofsmsinahcemnoitcelessedivorptidna,snoisiverfonoitacfiitnedidnagniggol,laveirter,gnirotsehtsetamotua
composing configurations. For conserving space, RCS stores deltas, i.e., differences between successive revi-

gniniatnocelfiSCRna,suhT.rehtonaotmetsysenomorfelbatrop,txetIICSAsitamrofelfiSCRehT.snois
versions of a file created and edited on a UNIX system can be used on a VMS system with no conversion.

llewsnoitarugfinocdnasnoisrevynamfognitsisnocsmetsyserawtfosgnipeekfoksatehtsilortnocnoisreV
organized. RCS is a set of commands that assist with that task. RCS’ primary function is to manage revision

wenA.rehtohcaemorfdevlovetaht,snoisiverdellac,stnemucodtxetfotesasipuorgnoisiverA.spuorg
revision is created by manually editing an existing one. RCS organizes the revisions into an ancestral tree. The

.devloveenoneviganoisiverhcihwmorfetacidnisegdeeertehtdna,eertehtfotoorehtsinoisiverlaitini
Besides managing individual revision groups, RCS provides flexible selection functions for composing

roferasrebmunnoisiverrojam,yllacipyT.slevelnoisiverronimdnarojamhtobstroppusSCR.snoitarugfinoc
significant changes/updates or release versions. Minor revision numbers are used when making incremental

.erutandnaepocsnidetimileratahtsegnahc

RCS also offers facilities for merging divergent versions of a common file and for automatic identification.
otnikaerasrekramesehT.srekrameuqinuhtiwsnoitarugfinocdnasnoisiverfo’gnipmats‘ehtsinoitacfiitnedI

serial numbers, telling software maintainers unambiguously which configuration is before them. The merge capa-
-moconeraerehtsagnolosdegremebotelfiafosnoisrevdetaleryllarotsecnatubtnereffidowtswollaytilib

peting changes and conflicts. This allows two engineers to each modify a different function in a source file
ebnacselfieht,noitcnufevitcepserriehtgniyfidomdehsinfisahhcaenehW.snoitcnufowtgnitnemelpmi

merged to restore the single source file reflecting the changes made by each. The RCS merge capability requires
asadesusimargorpffidUNGehT.selfiowtneewtebsecnereffidehtgniyfitnediroflootrotaitnereffidelfia

portable and efficient tool for this purpose.

The PISCES versions of RCS and diff are functionally unaltered from their original UNIX implementations.
emit/etadfonoitanimaxe,snoisnetxednasemanelfiotdeniartserylegralerewhcaeotyrassecensegnahC

stamps, and file reading and writing operations.

SECSIPgnippartstooBdnagnillatsnI.5

When first installed on a new system, the PISCES components must be bootstrapped by a system administrator
,noitarugfinocmetsysfoegdelwonkdnaseirotceridbusmetsysotsseccaseriuqeryllacipytsihT.remmargorpro

compilation, and installation procedures. The minimal PISCES components require no special compilation pro-
A.lortnocSCRrednueraselfiredaehdnaecruoshtiw,yrotceridbusnwostinisitnenopmochcaE.erudec

checked out version of each file is provided for bootstrapping purposes. The components should be built in the
elbaliavaerastnenopmocderiuqerlaminimeht,etelpmocecnO.dnepedkmdna,ekami,ppc:redrogniwollof

with which to build the trickier RCS and diff utilities. Finally, rebuild all PISCES components with themselves
dnanoitatnemucodetelpmoC.yltcerrocgnikrowsignihtyrevetahterusniotselfiekamIdeilppusehtgnisu

details for each platform can be found in the README file in the top level PISCES subdirectory.

selbairaVdnaseluRSECSIP.6

A programmer controls the actions to be taken in an Imake file by using the PISCES rules defined as preproces-
sorcamhcus06yletamixorppaeraerehT.selfinoitarugfinocdna,etalpmet,etis,tcejorpekamIehtnisorcamros

defined, of which only a small number are actually used by the end-user programmer. Most are macros used
elfiekamInA.sorcamslevel-rehgihrehtoybdetroppussnoitcaehtgnirutcurtsdnanwodgnikaerbrofyllanretni

contains calls to several of these higher-level macros to define the following items:

snoitacfiicepsyrotceridbusdnalevelpotlanoitpo•
• a required main or top level target/action

selfitcejbodna,ecruos,redaehfotsilderiuqera•
• one or more required compilation rules

stegratyrarbilromargorpderiuqereromroeno•
• optional header and regression test operations
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,ecudorpotelfitcejbofoepytehtgnitcelessahcussnoitarepocisablortnocsorcamdesuylnommoctsomehT
specifying library, program, and directory names, and building programs. The best way to become familliar with

.elfiekamdetarenegehtnistluserehtydutsdnawoleblairotutehtniselpmaxeehttakoolotsisorcameseht
The following list of macros identifies the main rules used by most engineers using PISCES:

tegratelpmiS-)(llA
All[1-24]() - Simple target

)RIDCNI($otsredaehkniL-)selfi(sedulcnIkniL
NormalCObject() - Normal C compile rule

elurelipmoc++ClamroN-)(tcejbOsulPClamroN
DebugCObject() - Debug C compile rule

elurelipmoc++CgubeD-)(tcejbOsulPCgubeD
TestCObject() - Test code C compile rule

elurelipmoc++CedoctseT-)(tcejbOsulPCtseT
OptimizeCObject() - Optimize C compile rule

elurelipmoc++CezimitpO-)(tcejbOsulPCezimitpO
LibraryName(name) - Add/Update $(OBJS) to library

emanelfidnuorasetouqddA-)eman(emaNetouQ
VersionName() - Generate RCS version name

selfihctarcs/tcejboevomeR-)(rebbolC
Clean() - Delete objects

SCRmorfselfituokcehC-)(tuOkcehCSCR
Test() - Compile and run regression tests

stsetnoissergernurdnaelipmoC-)(]42-1[tseT
CLexScanner(scanner) - User-level LEX rule (C compatible)

elbitapmocC(elurCCAYlevel-resU-)resrap(resraPccaYC
CPlusLexScanner(scanner) - User-level LEX rule (C++ compatible)

elbitapmoc++C(elurCCAYlevel-resU-)resrap(resraPccaYsulPC
CProgram(program) - Link objects into C program

margorpCotnistcejbokniL-)margorp(]42-1[margorPC
AuxillaryCProgram(program) - Additional C program rule

margorp++CotnistcejbokniL-)margorp(margorPsulPC
CPlusProgram[1-24](program) - Link objects into C++ program

elurmargorp++ClanoitiddA-)margorp(margorPsulPCyrallixuA
TopLevelBootStrap() - Bootstrap Imake from top level directory

ehtnietelpmocsinoitareponanehW.tegratnevigarofsnoitcnuffotesronoitareponasmrofreporcamhcaE
current directory level, the same operation is recursively performed on subdirectories if appropriate. The versions

otpufonoitacfiicepsehtrofwollastekcarbhtiwdesolcneruofytnewthguorhtenorebmunehthtiwsorcamfo
24 separate programs in a single Imake file. If there are three related C++ programs in a single Imake file, the

elpmaxeeeS.stnemugraetairporppaehthtiwsorcam)(3margorPsulPCdna)(3llAehtesudluowremmargorp
two below for more details. If you wish to add rules or procedures of your own for a specific project file to the

sretcarahcdnammocekamIlaicepsehtfoesuehtdnasnoitinfiedorcamehtenimaxe,selurekamIfonoitcelloc
in the Imake rules file imake.rul located in the PISCES configuration subdirectory.

seulavlacolro,tcejorp,metsysedirrevorotesotsdeennetforemmargorpa,selurSECSIPgnisuotnoitiddanI
for preprocessor definitions, include search directory paths, and libraries. The following list of variables

:SECSIPgnisusreenigneybdedeennetfotsomselbairavnommocehtsefiitnedi



- 8 -

seirotceridhcraesedulcniCdradnatS-SCNI_C_DTS
STD_C_DEFS - Standard C command line symbol definitions

seirarbilevihcraCdradnatS-SBIL_C_DTS
STD_C_LIBDIRS - Standard C library search directories

seirotceridhcraesedulcni++CdradnatS-SCNI_SULPC_DTS
STD_CPLUS_DEFS - Standard C++ command line symbol definitions

seirarbilevihcra++CdradnatS-SBIL_SULPC_DTS
STD_CPLUS_LIBDIRS - Standard C++ library search directories

seirotceridhcraesedulcniCtcejorP-SCNI_C_TCEJORP
PROJECT_C_DEFS - Project C command line symbol definitions

seirarbilevihcraCtcejorP-SBIL_C_TCEJORP
PROJECT_C_LIBDIRS - Project C library search directories

seirotceridhcraesedulcni++CtcejorP-SCNI_SULPC_TCEJORP
PROJECT_CPLUS_DEFS - Project C++ command line symbol definitions

seirarbilevihcra++CtcejorP-SBIL_SULPC_TCEJORP
PROJECT_CPLUS_LIBDIRS - Project C++ library search directories

seirotceridhcraesedulcniClacoL-SCNI_C_LACOL
LOCAL_C_DEFS - Local C command line symbol definitions

seirarbilevihcraClacoL-SBIL_C_LACOL
LOCAL_C_LIBDIRS - Local C library search directories

seirotceridhcraesedulcni++ClacoL-SCNI_SULPC_LACOL
LOCAL_CPLUS_DEFS - Local C++ command line symbol definitions

seirarbilevihcra++ClacoL-SBIL_SULPC_LACOL
LOCAL_CPLUS_LIBDIRS - Local C++ library search directories

fonoisrevastsixeerehttahtetoN.emitknilroelipmoctanoitpocfiicepsafoeulavehtslortnocelbairavhcaE
each variable for both C and C++ for the standard, project, and local values. The PISCES macros and variables

.lairotuTSECSIPA,noitcesgniwollofehtnidenialpxeylluferomera

7. A PISCES Tutorial

Most source code configuration problems follow one of a few patterns: compiling one or more source code files
;yrarbilanidevihcraebotselfiedocecruoseromroenognilipmoc;margorpaetaercotrehtegotdeknilebot

creating one or more programs comprised of source code in one or more subdirectory modules; various mainte-
-tucexednaselfitcejbollagnivomerro,stsetnoissergergninnur,selfikrowpugninaelcsahcussetivitcaecnan

ables. This tutorial looks at several of these cases and discusses the flexibility and ordering of PISCES rules in
.elfiekamIna

7.1. Example 1: A Simple C Program

Suppose you want to make the C program prog by compiling the three three source files file1.c, file2.c, and
SECSIPgniwollofehT.yrarbilemitnurCdradnatsehthtiwrehtegotselfitcejbognitluserehtgniknildnac.3elfi

Imake file could be used:

=SRDH
SRCS = file1.c file2.c file3.c

o.3elfio.2elfio.1elfi=SJBO
All(prog)
OptimizeCObject()

)gorp(margorPC

Lines one through three identify the header, source, and object files for the program. Notice that although there
niamehtsefiitnediruofeniL.noitinfiedytpmenaedulcnisselehtrevenew,selfiredaehcfiiceps-margorponera

or top-level target. For historical reasons, this is given the label ‘all’ in the generated make file. Line five indi-
eraseciohcelbissoprehtO.selfitcejboCdezimitpoetaercotsdnammocetarenegotekamItnawewtahtsetac

for standard and debug versions of C object files, in addition to the three analagous C++ object files. The last
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line generates commands to check out source code from RCS, compile, link, clean, and install the program. All
ehtnineddiherassecorpsihtfosesahpsuoiravehtrofserudecorpdna,snoitpoenildnammoc,semanmargorp

generic template file, optional project and site files, and the machine-specific configuration file.

smargorP++CelpitluM:2elpmaxE.2.7

In this slightly more complicated example, there are two C++ programs each comprised of several source files.
enildnammocahtiwdelipmoceraselfiecruoslladnaelfiredaehdetaicossanasahmargorpdnocesehT

definition for a symbol. The first program, foo, is made from the source files file1.C, file2.C, and file3.C. The
slortnocelfiekamISECSIPgniwollofehT.C.4elfidnaC.3elfiselfiecruosehtmorfedamsimargorpdnoces

their construction:

=1SRDH
HDRS2 = foo.h
SRCS1 = file1.C file2.C file3.C

C.4elfiC.3elfi=2SCRS
OBJS1 = file1.o file2.o file3.o

o.4elfio.3elfi=2SJBO
STD_CPLUS_DEFS = $(DFLAG)COMPANY=$(QUOTE)ABC Plumbing$(QUOTE)

)rab,oof(2llA
OptimizeCPlusObject()

)oof(1margorPsulPC
CPlusProgram2(bar)

Lines one through six list the header, source, and object files for each program. There is one header file used by
neveseniL.smargorphtobnidesusihcihwfoeno,selfiecruos++Cruoferaerehtdnamargorpdnoceseht

defines a command line preprocessor symbol whose value is the character string "ABC Plumbing". Note that
gnirtsehtgnitouqrofmsinahcemehtdnanoitpo"enfied"enildnammoceht,secnereffidmetsysgnitarepooteud

are themselves macros. Line eight identifies the main targets, foo and bar, for the ‘all’ label. Line nine specifies
ehtetarenegnevelednanetsenil,yllaniF.selfitcejbo++Cdezimitpomorftliubebdluohsmargorpehttaht

commands to checkout out source code from RCS, compile, link, clean, and install the two programs. As
-orptnednepedni42otpurofstegratniatnocotelfiekamIelgnisawollalliwSECSIP,detnemelpmiyltnerruc

grams. This is accomplished by using the HDRS, SRCS, OBJS, All, CProgram, and CPlusProgram rules
Cximretninacsnoitacfiicepsmargorpro/dnasevihcrayrarbil,noitiddanI.rebmunmargorpehthtiwdedneppa

and C++ source and object files as necessary.

stnednepeDxeL/ccaYhtiWevihcrAyrarbiLA:3elpmaxE.3.7

In this last example, two C++ source files file1.C and file2.C are compiled with debug flags on and added to an
gniwollofehT.yrarbilehtotdeddaoslaeraselfitcejboresrapdnarennacs,noitiddanI.yrarbilnoitacilppa

PISCES Imake file controls this operation:

h.margorp=SRDH
SRCS = file1.C file2.C
OBJS = file1.o file2.o my_lex.o my_yacc.o

l.2rexell.1rexel=CRSXEL
YACCSRC = decl.y tokens.y rules.y

))YRARBIL($(llA
DebugCPlusObject()

)(tcejbOCezimitpO
LinkIncludes($(HDRS))

))SJBO($,)YRARBIL($(yrarbiL
CLexScanner(my_lex)

)ccay_ym(resraPccaYC

Lines one through three list the header, source, and object files. Lines four and five list the scanner and parser
o.ccay_ymdnao.xel_ymehtecudorp,delipmocdna,dessecorp,rehtegotdetanetacnocnehw,tahtseludom
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siYRARBILelbairavehT.tegratelfiekamniamehtsiyrarbilnoitacilppaehttahtsefiicepsxiseniL.selfitcejbo
specified in the project Imake file. Lines seven and eight indicate that the C compiler should generate optimized

setatsenineniL.delbaneslobmysdnagaflgubedehthtiwselfitcejboetarenegrelipmoc++Cehtdnaselfitcejbo
that the header file(s) specified should be linked to the main application include subdirectory. Line ten controls

dnanevelesenil,yllaniF.degnahcebselfitcejboehtfoynadluohsyrarbillacolehtfoetadpudnanoitaerceht
twelve control the generation of the scanner and parser modules with C-linkage using the public domain pro-

.*ccaybdnaxeflsmarg

7.4. Example 4: A Custom Imakefile For a Work Directory

anidesunetfotsomselfiekamItcejorpdnuoraderetnecevahrepapsihtniselpmaxednanoisucsideht,rafoS
batch mode or when rebuilding entire modules of a software system. Another common requirement is as a local

eratahtselfilarevessahremmargorpa,oiranecssihtrednU.yrotceridbusgnikrowsreenignenanielfiekamI
undergoing modification. What is needed is a personalized Imake procedure that will allow for locally overriden

-nocdluocelfiekamISECSIPgniwollofehT.selbairavmetsysdnatcejorptluafedehtotsevitanretladnaseulav
trol construction of several files in this manner:

h.oof=SRDH
SRCS = foo.C bar.C

o.rabo.oof=SJBO
RCSDEP =
LOCAL_INCS=$(IFLAG)$(HOME)

bil_ym)GALFSBIL($=SBIL_SULPC_LACOL
LOCAL_CPLUS_LIBDIRS=$(LDIRFLAG)$(HOME)

)rekcah(llA
DebugCPlusObject()

)rekcah(margorPsulPC

As in the previous examples, the first three lines establish the names of the header, source, and object files that
llasemussaSECSIP,tluafedyB.elpmaxesihtfotraehehtsineveshguorhtruofseniL.margorpehtesirpmoc

source and header files are kept under RCS and automatically generates rules to examine such dependencies and
ylbaborpsisiht,tnempolevedrednullitssielfiaerehwseirotceridgnikrowlacolroF.ylgnidroccaselfituokcehc

not convenient. By overriding the value of the RCSDEP symbol as in line four, PISCES does not look for RCS
lacolehtrofseulavtesneveshguorhtevfiseniL.noisrevtsetalehttuokcehcdnaseicnednepedenimaxeotselfi

variables controlling include search directory, library, and library search directory. As a result, PISCES generates
-orpehtgnikcehcerofeb)EMOH($ybdefiicepsyrotceridehtnitsrfiselfiedulcnirofkcehclliwtahtelfiekaMa

ject and standard include search directories. In addition, references for unresolved symbols at link time will be
.dehcraeserasevihcrametsysdnatcejorpehterofebevihcrayrarbilbil_ymehtnirofdehcraestsrfi

By default, the values of the local and project variables are empty. A project leader edits the project file in the
-orpnacreenignelaudividninA.selbairavtcejorpehtrofseulavtluafedhsilbatseotyrotceridtcejorplevelpot

vide his/her own values for these variables in a local Imake file by setting appropriate values as in the example
tnempolevedlacolanielihwselfiekamInokrowotekamIerugfinocnacreenignehcae,rennamsihtnI.evoba

environment without affecting all other engineers on the project.

ssecorPtnempoleveDerawtfoSehtniSECSIPgnisU.8

After an Imake file is specified, the PISCES components can be used to create the machine-specific make file.
enihcamehtgniyfitnedilobmysrossecorperpa:stnemugraenildnammocruofseriuqer,margorpniameht,ekamI

type, another preprocessor symbol indicating the absolute pathname of the top level source directory for the
edulcniehtdna,rebmunnoisrevrojamSCRtsetalehtgnitacidnirebmunnoisivera,tliubgniebmetsyserawtfos

__________________

* Flex is a public domain fast lexical analyzer generator compatible with lex(1). It was written by Vern Paxson of
resrapelbitapmoc)1(ccayniamodcilbupasiccayB.niamodcilbupehtnidecalpdnayrotarobaLyelekreBecnerwaL

generator from the USC Berkeley Computer Science Department. Both programs are supplied in source format in the
.smroftalpdetroppus-SECSIPehtnoetucexe/elipmocdnayrotceridbusSECSIP
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lacipyta,mroftalpXINUanO.selfinoitarugfinocekamIehtrofkoolothcihwnihtapyrotceridhcraeselfi
startup command might be:

% imake -Dsparc -DTOPDIR=/home/neath -DREV=1 -I/usr/local/bin/pisces

suoiravehtnisnoitcacfiicepsenihcamdnasemandnammocetairporppaehttcelesotdesusiemanenihcamehT
configuration files. The RCS major revision number controls the number and type of rules generated for building

-sysgniniamereht,deppartstoobneebsahelfiekamlevelpotlaitininaecnO.erawtfosehtfosnoisrevsuoiverp
tem make files and dependency lists must be created by specifying the ‘bootstrap’ target to the make program.

:ebdluowdnammocsiht,mroftalpXINUanO

% make bootstrap

Note that this is a special top level command available available only if the statement ‘#define TopLevel-
llA.niagadnammocekamIehtesurevendeenresueht,petssihtretfA.elfiekamIehtnideniatnocsi’eliFekamI

updates and modifications should be made to the Imake file, not the automatically generated make file. A new
anO.margorpekamehtottegrat’elfiekam‘ehtgniyficepsybemitynatadetaercebnacelfiekametad-ot-pu

UNIX platform, this command would be:

elfiekamekam%

If the Imake file contains the statement ‘#define IHaveSubdirs’ indicating the presence of subdirectories, new
snoitcadetroppusrehtO.tegrat’selfiekam‘ehtgniyficepsybdetarenegebnacseirotceridbusllarofselfiekam

for a generated make file include all, checkout, install, clean, clobber, revup, test, and depend. Examine a
.sliatedrehtrufrofyrotceridbusSECSIPehtniselfiekamIelpmaxeehtotreferroelfiekamdetareneg-SECSIP

9. Extending PISCES to Additional Platforms and Environments

otmetsysyna,hcussA.metsysgnireenigneedocecruoselbadnepeddnaelbatropaebotdednetnisiSECSIP
which PISCES is ported should fully support all rules, actions, and behavior as on other existing platforms. This

ddaoT.txenehtotmroftalpenomorfderetlaebotevahtonodselfiekamItahterusniotredroniyrassecensi
support for another platform to those listed above, first compile and build the PISCES components. Next, add a

ehtnidenfiedsasnoitcnuftnelaviuqero/dnasemandnammocgniniatnocelfinoitarugfinoccfiiceps-enihcam
standard imake.imk template and imake.rul rules files. Since these files are included by Imake after this

.seulavSECSIPtluafedehtedirrevonacsemandnammocdnasorcamcfiiceps-mroftalp,elfinoitarugfinoc
Finally, modify the imake.imk template file to recognize the new machine type symbol and define the appropri-

-nocdnaselfiekamehtetarenegerotekamIgnisustnenopmocSECSIPehtdliuberwoN.lobmyseliForcaMeta
trol the compilation process.

The difficulty of adding support for PISCES on additional operating systems and hardware platforms varies and
ebyamsrehtotub,troppusotysaeylriafebdluohssmetsysgnitarepoekil-XINUynaM.detciderpebtonnac

quite difficult or even impossible. PISCES assumes that the system has a make facility with similar capabilities
-niatniamdna,selfigniteleddnagniypoc,gnilipmocrofsdnammoc,noitiddanI.dnammoc)1(ekamXINUehtot

ing library archives are also necessary. Finally, memory availability may affect performance and even determine
.smetsysbusyromemlautriv-nonrodetimilhtiwsmetsysgnitareporofylralucitrap,eruliafrossecus

10. Conclusion

Texas Instruments is currently using PISCES on several large internal software projects that require multi-
esabedocecruosagniniatniamdnagnitropyldiparnidiataergaebottidnuofevaheW.selbareviledmroftalp

from one platform to another. In addition, we have found that the use of PISCES reduces the need for a pro-
ehtnoitnemotton,smroftalplarevesnoseitilitucfiiceps-metsysfoesuehtno"trepxe"naebotremmarg

avoidance of peculiarities and idiosyncracies of particular utilities, ie. the nature of space characters versus tab
.)1(ekamnisretcarahc
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SECSIPfosutatS.11

PISCES is currently up and running on a Sun SPARCstation 1 (TM) running SunOS 4.x and a VAX 5400 MIPS
ledom2/SPadna1.5noisrevSMVgninnur0068XAVarofstropehT.1.3esaelerxirtlUgninnurenihcam

70/486 running OS/2 1.2 Extended Edition are currently in progress. Ports for the TI S1500 running TI System
ehttroppusstropSPIMdnaCRAPSehT.yltrohsnigeblliw3.2XINUOCSgninnur684/07ledom2/SPadnaV

AT&T C++ translator (cfront) version 2.0 and the native C compiler, the SCO UNIX and OS/2 ports support the
SMVXAVehtdna,0.6noisrevrelipmocCtfosorciMro2/CMBIehthtiw0.2noisrevrotalsnartleipsnekcolG

port supports the Oasys C++ translator version 2.0 and the native VAX C compiler.
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