
CS 61B P. N. Hilfinger
BasicCompilation: javac,gcc,g++

1 Compiling Java Programs

[Thediscussionin thissectionappliesto Java1.2toolsfrom SunMicrosystems.Toolsfrom othermanufac-
turersandearliertoolsfrom Sundiffer in variousdetails.]

Programminglanguagesdo not exist in a vacuum;any actualprogrammingdonein any languageone
doeswithin a programmingenvironmentthatcomprisesthevariousprograms,libraries,editors,debuggers,
andothertoolsneededto actuallyconvert programtext into action.

The Schemeenvironmentthat you usedin CS61Awasparticularlysimple. It provided a component
calledthe reader, which readin Scheme-programtext from files or commandlines andconvertedit into
internalSchemedatastructures.Thena componentcalledthe interpreter operatedon thesetranslatedpro-
gramsor statements,performingtheactionsthey denoted.Youprobablyweren’t muchawareof thereader;
it doesn’t amountto muchbecauseof Scheme’s very simplesyntax.

Java’s morecomplex syntaxandits statictypestructure(asdiscussedin lecture)requirethatyou bea
bit moreawareof thereader—or compiler, asit is calledin thecontext of Java andmostother“production”
programminglanguages.TheJava compilersuppliedby SunMicrosystemsis a programcalledjavac on
oursystems.Youfirstprepareprogramsin files(calledsourcefiles) usingany appropriatetext editor(Emacs,
for example),giving themnamesthatendin ‘.java’. Next you compilethemwith the java compilerto
createnew, translatedfiles, calledclassfiles, onefor eachclass,with namesendingin ‘.class’. Once
programsare translatedinto classfiles, thereis a variety of tools for actuallyexecutingthem, including
Sun’s java interpreter(called‘java’ on our systems),andinterpretersbuilt into productssuchasNetscape
or InternetExplorer. Thesameclassfile formatworks(or is supposedto) on all of these.

In thesimplestcase,if theclasscontainingyour mainprogramor appletis called
�

, thenyou should
storeit in afile called

�
.java, andyoucancompileit with thecommand

javac
�
.java

This will produce.class files for
�

andfor any otherclassesthathadto becompiledbecausethey were
mentioned(directly or indirectly) in class

�
. For homework problems,this is oftenall you needto know,

andyou canstopreading. However, thingsrapidly get complicatedwhena programconsistsof multiple
classes,especiallywhenthey occurin multiple packages.In this document,we’ll try to dealwith themore
straightforwardof thesecomplications.

1.1 Where ‘ja va’ and ‘ja vac’ find classes

Every Java classresidesin a package (a collectionof classesandsubpackages).For example,thestandard
classString is actuallyjava.io.String: the classnamedString that residesin the subpackage
namedio that residesin the outer-level packagenamedjava. You usea package declarationat the
beginningof a.java sourcefile to indicatewhatpackageit is supposedto bein. In theabsenceof sucha
declaration,theclassesproducedfrom thesourcefile go into theanonymouspackage, which you canthink
of asholdingall theouter-level packages(suchasjava).

The Java interpreter. Whenthejava program(the interpreter)runsthemainprocedurein a class,and
thatmainprocedureusessomeotherclasses,let’s sayA andp.B, theinterpreterlooksfor filesA.class
andB.class in placesthat aredictatedby thingscalledclasspaths. Essentially, a classpath is a list
of directoriesand archives (see � 1.4 below for information on archives). If the interpreter’s classpath
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contains,let’s say, thedirectories��� and ��� , thenuponencounteringamentionof classA, java will look
for a file named��� /A.class or ��� /A.class. Upon encounteringa mentionof p.B, it will look for
��� /p/B.class or ��� /p/B.class.

The classpath is cobbledtogetherfrom several sources.All Sun’s java tools automaticallysupplya
bootstrap classpath,containingthe standardlibrariesandsuchstuff. If you take no othersteps,theonly
otheritem on theclasspathwill be thedirectory‘.’ (thecurrentdirectory). Otherwise,if theenvironment
variableCLASSPATH is set,it getsaddedto thebootstrapclasspath. Our standardclasssetuphas‘.’ and
thedirectorycontainingtheucb package(with ourown specialclasses,lovingly concoctedjust for you). If
youprint its valuewith, for example,

echo $CLASSPATH

you’ll seesomethinglike

.:/home/ff/cs61b/lib/java/classes

(thecolon is usedin placeof comma(for somereason)to separatedirectorynames).It is alsopossibleto
settheclasspath(overridingtheCLASSPATH environmentvariable)for asingleprogramexecutionwith

java -classpath PATH ...

but I really don’t recommendthis.

The Java compiler. Thecompilerlooksin thesameplacesfor .class files,but its life is morecompli-
cated,becauseit alsohasto find sourcefiles. By default,whenit needsto find thedefinitionof a class� , it
looksfor file � .java in thesamedirectoriesit looksfor � .class. This is theeasiestcaseto dealwith.
If it doesnotfind � .class, or if it doesfind � .class but noticesthatit is older(lessrecentlymodified)
thanthecorrespondingsourcefile � .java, it will automatically(re)compile� .java. To usethisdefault
behavior, simply make surethatthecurrentdirectory(‘.’) is in your classpath(asit is in our default setup)
andput thesourcefor a classA (in theanonymouspackage)in A.java in the currentdirectory, or for a
classp.B in p/B.java, etc.,usingthecommands

javac A.java
javac p/A.java

respectively, to compilethem.
It is also possibleto put sourcefiles, input classfiles, and output classfiles (i.e., thosecreatedby

the compiler) in threedifferentdirectories,if you really want to (I don’t think we’ll needthis). Seethe
-sourcepath and-d optionsin theon-linedocumentationfor javac, if youarecurious.

1.2 Multiple classesin onesourcefile

In general,youshouldtry to putaclassnamed� in afile named� .java (in theappropriatedirectory).For
onething, this makesit possiblefor thecompilerto find theclass’s definition. On theotherhand,although
public classesmustgo into files namedin this way, otherclassesdon’t really needto. If you have a non-
public classthat really is usedonly by class� , thenyou canput it, too, into � .java. Thecompilerwill
still generateaseparate.class file for it.
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1.3 Compiling multiple files

Java sourcefiles dependon eachother;that is, thetext of onefile will referto definitionsin otherfiles. As
I saidearlier, if you put thesesourcefiles in theright places,thecompileroftenwill automaticallycompile
all thatareneededevenif it is only actuallyaskedto compileone“root” class(theonecontainingthemain
programor main applet). However, it is possiblefor thecompilerto get confusedwhen(a) some.java
files have alreadybeencompiledinto .class files, andthen(b) subsequentlychanged.Sometimesthe
compilerwill recompileall thenecessaryfiles (thatis, theoneswhosesourcefileshave changedor thatuse
classeswhosesourcefiles have changed),but it is a bit dangerousto rely on this for theSuncompiler. You
canaskjavac to compileawholebunchof filesat once,simplyby listing all of them:

javac A.java p/B.java C.java

andsoon.

1.4 Ar chive files

For thepurposesof thisclass,it will besufficient to haveseparate.class filesin appropriatedirectories,as
I have beendescribing.However in real life, whenone’s applicationconsistsof largenumbersof .class
files scatteredthroughouta bunchof directories,it becomesawkwardto ship it elsewhere(sayto someone
attemptingto run your Web appletremotely). Therefore,it is alsopossibleto bundletogethera bunchof
.class files into a singlefile calleda Javaarchive (or jar file). You canput thenameof a jar file asone
memberof a classpath(insteadof a directory),andall its memberclasseswill beavailablejust asif they
wereunpacked into thepreviously describeddirectorystructuredescribedin previoussections.

Theutility program‘jar’, providedby Sun,cancreateor examinejar files. Typicalusage:to form ajar
file stuff.jar outof all theclassesin packagemyPackage, plusthefilesA.class and B.class,
usethecommand

jar cvf stuff.jar A.class B.class myPackage

This assumesthatmyPackageis a subdirectorycontainingjust.class files in packagemyPackage. To
usethisbundleof classes,youmight setyour classpathlike this:

setenv CLASSPATH .:stuff.jar:otherdirectoriesandarchives

2 Compiling C and C++

Gcc is a publicly available optimizing compiler (translator)for C, C++, Ada 95, and Objective C that
currently runsundervariousimplementationsof Unix (plus VMS aswell asOS/2andperhapsotherPC
systems)onavarietyof processorstoonumerousto mention.Youcanfind full documentationon-lineunder
Emacs(useC-h i andselectthe “GCC” menuoption). You don’t needto know muchaboutit for our
purposes.Thisdocumentis abrief summary.

2.1 Running the compiler

You canusegcc both to compileprogramsinto objectmodulesandto link theseobjectmodulestogether
into a singleprogram.It looksat thenamesof thefiles you give it to determinewhat languagethey arein
andwhat to do with them. Filesof the form name.cc (or name.C) areassumedto beC++ files andfiles
matchingname.o areassumedto be object(i.e., machine-language)files. For compiling C++ programs,
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youshoulduseg++, which is basicallyanaliasfor gcc thatautomaticallyincludescertainlibrariesthatare
usedin C++,but notC.

To translateaC++ sourcefile, � .cc, into acorrespondingobjectfile, � .o, usethecommand

g++ -c compile-options � .cc

To link oneor moreobjectfiles—�	� .o, �
� .o, . . .—producedfrom C++ files into a singleexecutablefile
called � , usethecommand.

g++ -o � link-options �	� .o �
� .o ... libraries

(Theoptionsandlibrariesclausesaredescribedbelow.)
Youcanbunchthesetwo steps—compilationandlinking—into onewith thefollowing command.

g++ -o � compile-and-link-options �	� .cc ... other-libraries

After linking hasproducedan executablefile called � , it becomes,in effect, a new Unix command,
whichyoucanrunwith

./F arguments

whereargumentsdenotesany command-lineargumentsto theprogram.

2.2 Libraries

A library is a collectionof objectfiles thathasbeengroupedtogetherinto a singlefile andindexed. When
thelinking commandencountersa library in its list of objectfiles to link, it looksto seeif precedingobject
files containedcallsto functionsnot yet definedthataredefinedin oneof thelibrary’s objectfiles. Whenit
findssucha function, it thenlinks in theappropriateobjectfile from the library. Onelibrary getsaddedto
thelist of librariesautomatically, andprovidesanumberof standardfunctionscommonto C++ andC.

Libraries are usually designatedwith an argumentof the form -llibrary-name. In particular, -lm
denotesa library containingvariousmathematicalroutines(sine,cosine,arctan,squareroot, etc.) They
mustbelistedafter theobjector sourcefiles thatcontaincallsto their functions.

2.3 Options

Thefollowing compile-andlink-optionswill beof particularinterestto us.

-c (Compilationoption)
Compileonly. Produces.o files from sourcefiles withoutdoingany linking.

-Dname=value (Compilationoption)
In theprogrambeingcompiled,definenameasif therewerea line

#define name value

at thebeginningof theprogram.The‘=value’ partmaybeleft off, in whichcasevaluedefaultsto 1.

-o file-name (Link option,usually)
Usefile-nameasthenameof thefile producedby g++ (usually, this is anexecutablefile).

-llibrary-name (Link option)
Link in thespecifiedlibrary. Seeabove. (Link option).
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-g (Compilationandlink option)
Put debugginginformationfor gdb into the objector executablefile. Shouldbe specifiedfor both
compilationandlinking.

-MM (Compilationoption)
Print theheaderfiles (otherthanstandardheaders)usedby eachsourcefile in a formatacceptableto
make. Don’t producea.o file or anexecutable.

-pg (Compilationandlink option)
Putprofiling instructionsfor generatingprofiling informationfor gprof into theobjector executable
file. Shouldbespecifiedfor bothcompilationor linking. Profiling is theprocessof measuringhow
long variousportionsof your programtake to execute. When you specify-pg, the resultingex-
ecutableprogram,when run, will producea file of statistics. A programcalledgprof will then
producea listing from thatfile telling how muchtime wasspentexecutingeachfunction.

-Wall (Compilationoption)
Producewarningmessagesaboutanumberof thingsthatarelegalbut dubious.I stronglysuggestthat
youalwaysspecifythisandthatyou treatevery warningasanerrorto befixed.

5


