CS61B P. N. Hilfinger
BasicCompilation: javac,gcc,g++

1 Compiling Java Programs

[The discussiorin this sectionappliesto Java 1.2toolsfrom SunMicrosystemsToolsfrom othermanugc-
turersandearliertoolsfrom Sundiffer in variousdetails.]

Programmindanguageslo not exist in a vacuum;ary actualprogrammingdonein ary languageone
doeswithin a programmingernvironmentthatcompriseshe variousprograms|ibraries,editors,detuggers,
andothertoolsneededo actuallyconvert programtext into action.

The Schemeervironmentthat you usedin CS61Awas particularly simple. It provided a component
calledthe reader which readin Scheme-progrartext from files or commandines and corvertedit into
internalSchemeadatastructures.Thena componentalledthe interpreter operaten thesetranslatedpro-
gramsor statementsperformingthe actionsthey denoted.You probablywerent muchawareof thereader;
it doesnt amountto muchbecaus®f Schemes very simplesyntax.

Java’s morecomplex syntaxandits statictype structure(asdiscussedn lecture)requirethatyou be a
bit moreawareof thereader—or compiler asit is calledin the context of Javtaandmostother“production”
programminganguagesThe Java compilersuppliedby SunMicrosystemsds a programcalledj avac on
oursystemsYoufirst prepargrogramsn files(calledsourcefiles usingary appropriatdext editor(Emacs,
for example),giving themnameshatendin ‘. j ava’. Next you compilethemwith the java compilerto
createnew, translatediles, called classfiles onefor eachclass,with namesendingin ‘. cl ass’. Once
programsare translatednto classfiles, thereis a variety of tools for actually executingthem, including
Sunsjavainterpreter(called’j ava’ onour systems)andinterpreterduilt into productssuchasNetscape
or InternetExplorer The sameclassfile formatworks (or is supposedo) on all of these.

In the simplestcase,|if the classcontainingyour main programor appletis calledC', thenyou should
storeit in afile calledC. j ava, andyou cancompileit with thecommand

javac C.java

Thiswill produce. cl ass filesfor C andfor ary otherclasseshathadto be compiledbecausehey were
mentioned(directly or indirectly) in classC. For homevork problemsithis is oftenall you needto know,
andyou canstopreading. However, thingsrapidly get complicatedwhena programconsistsof multiple
classesespeciallywhenthey occurin multiple packagesin this documentwe’ll try to dealwith the more
straightforvard of thesecomplications.

1.1 Where'java’ and ‘javac’ find classes

Every Java classresidesn a padkage (a collectionof classesandsubpackages)or example,the standard
classStri ng is actuallyj ava. i 0. St ri ng: the classnamedSt r i ng thatresidesin the subpackage
namedi o thatresidesin the outerlevel packagenamed] ava. You usea package declarationat the
begginningof a. j ava sourcefile to indicatewhatpackaget is supposedo bein. In theabsencef sucha
declarationthe classegproducedrom the sourcefile gointo theanonymougpadkage, which you canthink
of asholdingall the outerlevel packagegsuchasj ava).

The Javainterpreter. Whenthej ava program(the interpreteryunsthe main proceduren aclass,and
thatmain procedureusessomeotherclasseslet’'s sayA andp. B, theinterpretedooksfor filesA. cl ass
andB. cl ass in placesthat are dictatedby things called classpaths Essentially a classpathis a list
of directoriesand archives (see§l1.4 below for information on archives). If the interpreter$ classpath



containsjet’s say thedirectoriesD; andD5, thenuponencounteringa mentionof classA, j ava will look
for afile namedD,/ A. cl ass or Dy/ A. cl ass. Uponencounteringa mentionof p. B, it will look for
D4/ p/ B. cl ass or Dy/ p/ B. cl ass.

The classpathis cobbledtogetherfrom several sources.All Sun’ java tools automaticallysupply a
bootstap classpath, containingthe standardibrariesandsuchstuf. If you take no othersteps.the only
otheritem on the classpathwill bethedirectory‘.’ (thecurrentdirectory). Otherwise,f the environment
variableCLASSPATH is set,it getsaddedto the bootstrapclasspath. Our standarcclasssetuphas'.” and
thedirectorycontainingtheuchb packagdgwith our own specialclasseslovingly concoctedustfor you). If
you print its valuewith, for example,

echo $CLASSPATH
you'll seesomethindike
.. /home/ff/cs6lb/lib/javalcl asses

(thecolonis usedin placeof comma(for somereason)}o separatalirectorynames).lt is alsopossibleto
settheclasspath(overridingthe CLASSFATH environmentvariable)for a singleprogramexecutionwith

java -classpath PATH ...

but | really dont recommendhis.

The Java compiler. Thecompilerlooksin thesameplacesfor . cl ass files, but its life is morecompli-
cated becausdt alsohasto find sourcefiles. By default, whenit needgo find the definitionof a classA, it
looksfor file A. j ava in thesamedirectoriesit looksfor A. cl ass. Thisis the easiestaseto dealwith.
If it doesnotfind A. cl ass, orif it doesfind A. cl ass but noticesthatit is older(lessrecentlymodified)
thanthecorrespondingourcefile A. j ava, it will automatically(re)compileA. j ava. To usethis default
behaior, simply make surethatthe currentdirectory(’.”) is in your classpath(asit is in our default setup)
andput the sourcefor a classA (in the anorymouspackage)n A. j ava in the currentdirectory or for a
classp. Bin p/ B. j ava, etc.,usingthecommands

javac A java
javac p/ A java

respectrely, to compilethem.

It is also possibleto put sourcefiles, input classfiles, and output classfiles (i.e., thosecreatedby
the compiler)in threedifferentdirectories,if you really wantto (I dont think we’ll needthis). Seethe
- sour cepat h and- d optionsin the on-linedocumentatiorfor j avac, if youarecurious.

1.2 Multiple classesn onesourcefile

In generalyoushouldtry to putaclassnamedA in afile namedA. j ava (in theappropriatedirectory).For
onething, this malesit possiblefor the compilerto find the classs definition. On the otherhand,although
public classesnustgo into files namedin this way, otherclasseslont really needto. If you have a non-
public classthatreally is usedonly by classA, thenyou canputit, too, into A. j ava. The compilerwill
still generatea separate cl ass file for it.



1.3 Compiling multiple files

Java sourcefiles dependon eachother;thatis, thetext of onefile will referto definitionsin otherfiles. As
| saidearlier if you putthesesourcefiles in theright placesthe compileroftenwill automaticallycompile
all thatareneededevenif it is only actuallyasledto compileone“root” class(the onecontainingthe main
programor main applet). However, it is possiblefor the compilerto getconfusedwvhen(a) some. j ava
files have alreadybeencompiledinto . cl ass files, andthen(b) subsequentlghanged. Sometimeshe
compilerwill recompileall thenecessarfiles (thatis, the oneswhosesourcefiles have changedr thatuse
classesvhosesourcefiles have changed)put it is a bit dangerouso rely on this for the Suncompiler You
canaskj avac to compileawhole bunchof files at once,simply by listing all of them:

javac A java p/B.java C. java

andsoon.

1.4 Archivefiles

For thepurpose®f thisclassjt will besuficientto have separate cl ass filesin appropriatalirectoriesas
I have beendescribing.However in reallife, whenones applicationconsistof large numbersof . cl ass
files scatteredhroughouta bunchof directories|t becomeswkwardto shipit elsevhere(sayto someone
attemptingto run your Web appletremotely). Therefore,it is alsopossibleto bundletogethera bunchof
. ¢l ass filesinto asinglefile calleda Javaarchive (or jar file). You canputthe nameof ajar file asone
memberof a classpath(insteadof a directory),andall its memberclassewill be availablejust asif they
wereunpacledinto the previously describedlirectorystructuredescribedn previous sections.

Theutility program’j ar ’, providedby Sun,cancreateor examinejar files. Typicalusageto form ajar
file st uf f. j ar outof all theclassesn packagaryPackage, plusthefilesA. cl ass and B. cl ass,
usethecommand

jar cvf stuff.jar A class B.class myPackage

This assumeshat myPackagds a subdirectorycontainingjust. cl ass filesin packageryPackage. To
usethis bundleof classesyou might setyour classpathlike this:

setenv CLASSPATH .:stuff.jar: otherdirectoriesandarchives

2 Compiling C and C++

Ccc is a publicly available optimizing compiler (translator)for C, C++, Ada 95, and Objectve C that
currently runs undervariousimplementationsof Unix (plus VMS aswell asOS/2 and perhapsther PC
systemspn avarietyof processortoo numerougo mention.You canfind full documentatiomn-lineunder
Emacs(useC- h i andselectthe “GCC” menuoption). You dont needto know muchaboutit for our
purposesThis documentis abrief summary

2.1 Running the compiler

You canusegcc bothto compileprogramsnto objectmodulesandto link theseobjectmodulestogether
into a singleprogram. It looks at the namesof thefiles you give it to determinewhatlanguagehey arein
andwhatto do with them. Files of the form name cc (or name C) areassumedo be C++ files andfiles
matchingname o areassumedo be object(i.e., machine-languagsd)les. For compiling C++ programs,



youshoulduseg++, whichis basicallyanaliasfor gcc thatautomaticallyincludescertainlibrariesthatare
usedin C++, but notC.
To translatea C++ sourcefile, F'. cc, into acorrespondingbjectfile, F'. o, usethecommand

g++ -c compile-optionsF. cc

To link oneor moreobjectfiles—F;. 0, F;. 0, ...—producedrom C++ files into a singleexecutabléfile
calledF, usethecommand.

g++ -0 F link-options Fi. 0 F».0 ... libraries

(Theoptionsandlibraries clausesaredescribedelow.)
You canbunchthesetwo steps—compilatio@ndlinking—into onewith thefollowing command.

g++ -0 F compile-and-link-ofpons F;.cc ... otherlibraries

After linking hasproducedan executablefile called F, it becomesjn effect, a newv Unix command,
which you canrun with

.l F argunents

whereargumentslenotesary command-lineagumentdo the program.

2.2 Libraries

A library is a collectionof objectfiles thathasbeengroupedtogetherinto a singlefile andindexed. When
thelinking commandencounters library in its list of objectfilesto link, it looksto seeif precedingobject
files containectallsto functionsnot yet definedthataredefinedin oneof thelibrary’s objectfiles. Whenit
findssuchafunction, it thenlinks in the appropriateobjectfile from the library. Onelibrary getsaddedto
thelist of librariesautomaticallyandprovidesa numberof standardunctionscommonto C++andC.

Libraries are usually designatedvith an agumentof the form - | library-name In particular - I m
denotesa library containingvarious mathematicatoutines(sine, cosine,arctan,squareroot, etc.) They
mustbelisted after the objector sourcefiles thatcontaincallsto their functions.

2.3 Options
Thefollowing compile-andlink-optionswill beof particularinterestto us.

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

-Dnamevalue (Compilationoption)
In the programbeingcompiled,definenameasif therewerealine

#defi ne name value
atthebeaginningof theprogram.The*=valué partmaybeleft off, in which casevaluedefaultsto 1.

-0 file-name (Link option,usually)
Usefile-nameasthe nameof thefile producedby g++ (usually thisis anexecutabldile).

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

-MM (Compilationoption)
Printthe headeffiles (otherthanstandarcheadersusedby eachsourcefile in aformatacceptabldéo
make. Don'’t producea. o file or anexecutable.

-pg (Compilationandlink option)
Putprofiling instructionsfor generatingprofiling informationfor gpr of into theobjector executable
file. Shouldbe specifiedfor both compilationor linking. Profiling is the processof measurinchow
long various portionsof your programtake to execute. Whenyou specify - pg, the resultingex-
ecutableprogram,whenrun, will producea file of statistics. A programcalled gpr of will then
producealisting from thatfile telling how muchtime wasspentexecutingeachfunction.

-Wall (Compilationoption)
Producewnvarningmessageabouta numberof thingsthatarelegal but dubious.l stronglysuggesthat
you alwaysspecifythis andthatyou treatevery warningasanerrorto befixed.



