
CMSC15200�IntrotoComputerScience2Summer2009Lab#3(8/12/2009)UsingmakeandMakefilestobuildC++programsHerearesomeresourcesonthetoolmakethatwewillcovertoday:*TheGNUmakemanual:http://www.gnu.org/software/make/manual/html_node/index.html*AmakeTutorial(assumesyouarewritingCandnotC++):http://users.actcom.co.il/~choo/lupg/tutorials/writingXmakefiles/writingXmakefiles.htmlReview:SeparateCompilationInclasswetalkedabouthowtoorganizesourcecodeintodifferentfilesthatcanbecompiledseparately.Inthislab,youwilllearnhowtousethetoolmakethatautomatesthecompilationprocessforprogramsusingmultiplesourcefiles.ThezipfileforthislabincludesthesesourcefilesforthelistADTwesawinclass,andforasimplymodifiedversionofitthatkeepstrackoftheendofthelistaswellasthehead.Todecompressthefiles,runthecommand:$unziplist.zipThisshouldcreatetwosubdirectories,listandlist_end,eachofwhichhasthefollowingfiles.*list.hXDefinestheliststructuresandthefunctionstousethelist.*list.cppXImplementsfunctionsinlist.h*main.cppXContainsmain()dcallslistfunctions.PluslistshouldcontainafilecalledMakefile.Wecanbuildasingleprogramfromthesefileswiththesethreecommands:$g++XgXWallXclist.cpp$g++XgXWallXcmain.cpp$g++XgXWallmain.olist.oXomainNotethatweareusingtwoflagsinthecompilation:XgandXWall.Thesearenotrequired,buttheycanbeuseful:Xgoptimizesthecodesoitwillrunfaster,andXWallwillgiveyouallthewarnings,whichcanbehelpfulfordebugging.



Heretheobjectfilelist.omustberecompiledwheneverlist.horlist.cppisupdated,sowesaythatlist.odependsonlist.handlist.cpp.Similarly,main.odependsonmain.cppandmain.h.Youcanusemaketodescribedependenciesamongfiles,andensurethatafileisrecompiledonlywhenitsdependentfilesarechanged.Belowwewillshowhowtousemaketobuildtheexecutablefilemaininasinglestep.Basics:CallingmakeYouusemakebycreatingafilenamedMakefileforyourprogram.Makefilecontainsrulesthatdescribehowtheprogramshouldbecompiled.Yourunmakewiththiscommand:$maketargetThiscommandsearchesthecurrentdirectoryforafilenamedMakefile,andthentriestoupdatetargetifitisoutofdate.Youwillreadmoreaboutrulesandtargetsbelow.Ifnotargetisspecified:$makethenmakewillusethefirstoneinthemakefile:Changetothedirectorywhereyouunzippedlist,andrunthecommandmake.Youwillseethattheprogrammainisbuilt.(IfyoualreadyrantheabovecallstoG++,thenremovebinaryfilesmain.oandmain.)$cdlist$lsMakefilelist.cpplist.hmain.cpp$makeg++XgXclist.cppXolist.o$lsMakefilelist.cpplist.hlist.omain.cppNotethatthisonlycompiledlist.o.ThatisbecausethatisthefirstruleintheMakefile.Tomakemain,weneedtosay:$makemaing++XgXcmain.cppXomain.og++Xgmain.olist.oXomain



Nowwecreatedtheexecutablemain.Notehowmakedidnotrecompilelist.cpp,sincelist.owasuptodate(wedidnotchangelist.cpporlist.h).NotealsothattheXWallflagisnotused.Wewillfixthisbelow.RulesMakefileruleshavethefollowingformat:target:prerequisite1prerequisite2...commandHere,targetis(inmostcases)thenameofafilethatwillbeupdatedbythisrule.Thelistprerequisite1prerequisite2...givesfilesthattargetdependson.Thesemaybeobjectfilesorsourcecodefiles.Onthesecondline,commandshowshowtoupdatethetargetwhenoneoftheprerequisitefilesaremodified.Asanexample,wecanwritethisruletocompiletheobjectfilemystrings.o:#compilelist.olist.o:list.cpplist.hg++XgXWallXclist.cppXolist.oBylistingmystrings.cppandmystrings.hastheprerequisites,wetellmakethatmystrings.omustberecompiledwhenevermystrings.cppormystrings.hisupdated.Toensurethatthishappenscorrectly,makewillcheckthetimestampsonallfilesandrecompilemystrings.owheneitherofthesourcefileshasanewertimestamp.Ifmystrings.oisnotoutofdatethenitwillnotberecompiled.Commandlinesinamakefilemuststartwithatabcharacter,notasequenceofspaces.Sointhisexampleg++isprecededbyatab.Linesthatstartwith#arecommentsandwillbeignored.Linescontainingonlywhitespacearealsoignored.Ourmakefileshouldalsoincludethesetworulestobuildourprogram:#compilemain.omain.o:main.cppmain.hg++XgXWallXcmain.cppXomain.o#linkmainmain:main.olist.og++XgXWalllist.omain.oXomain



Youcanusemultiplelinesforonecommandbyendingthepreviouslinewithabackslash("\").Thecommandlineneednotbeacompilationinstructiondinsteaditcanbeanyshellcommandorevenempty,aswewillseebelow.Phonytargets:allandcleanThetargetofaruledoesnothavetobeanactualfilethatiscreatedbymakedinsteaditcancorrespondtoanaction,suchasremovingfilesorrunningtests.ThesetargetsareknownasphonytargetsItisconventionaltoincludeatargetnamed"all"toupdatealloutputsofthemakefile:#topXlevelruleall:mainThisrulehasnocommand,insteaditwillcalltherulewithtarget"main"thatwedefinedabove.Wemake"all"thedefaulttargetsothatalloutputsareupdatedwhentheusercallsmakewithoutspecifyingatarget:$makeRecallthatwecanmake"all"thedefaultbylistingitasthefirstruleinthemakefile.Itisalsocommontoincludea"clean"targettoremoveoutputsofthemakefilesuchasexecutablesand.ofiles:clean:rmXflist.omain.omainHereweusetheXfflagwithrmtoavoidgeneratingerrormessageswhenafiledoesnotexist.Thecommandmakecleanwilldowhatweexpectaslongaswedon'thaveafileinthecurrentdirectorynamed"clean".Toavoidproblemswhenthisfiledoesexist,usethespecialtarget.PHONYtoindicatethat"clean"isnotthenameofanactualfile:.PHONY:cleanclean:rmXflist.omain.omain•AddacleantargettotheMakefile,andthentestthistarget:$makecleanrmXflist.omain.omain$ls*.o



ls:*.o:Nosuchfileordirectory$lsmainls:main:Nosuchfileordirectory
VariablesYoucandefinevariablesinaMakefilesothatitiseasiertoupdateparametersthatappearinmultiplecommands.Forexample,wecanaddthesevariablestotellmaketouseg++asthecompilerand"XWallXg"asthecompileroptions:#use"g++"tocompilesourcefilesCXX=g++#setcompilerflagsCPPFLAGS=XWallXgWethenupdaterulesinourMakefiletousethesevariables.Toaccessthevalueofavariableuse$()asshownbelow.#topXlevelruleall:main#compilelist.olist.o:list.cpplist.h$(CXX)$(CPPFLAGS)Xclist.cppXolist.o#compilemain.omain.o:main.cpplist.h$(CXX)$(CPPFLAGS)Xcmain.cppXomain.o#linkmainmain:main.olist.o$(CXX)$(CXXFLAGS)main.olist.oXomain#removeoutputs.PHONY:cleanclean:rmXfmain.olist.omainHeretheCXXFLAGSvariableisusedtoindicatelinkingoptions.Sincethisvariableisnotsetinourmakefile,itwillbeemptywhenteststrislinked.Youcanuseconditionalstatementswhenyoudefinevariables.Forexample:EXE=ifdefWINDIR#Variablespecifyingifweareinawindowsenvironment



EXE=.exeendifmyprogs$(EXE):foo.obar.o$(CXX)$(CPPFLAGS)Xomyprog$(EXE)foo.obar.oHere,theifdefstatementupdatesEXEwhentheuserhasalsodefinedavariableWINDIR.Inthiscasethetargetofthesubsequentrulebecomesmyprogs.exeinsteadofmyprogs.Variablescanbeusedtokeeplistsoffiles.Hereweuseavariabletotracktheobjectfilesthattheprogrammyprogdependson:OBJS=foo.obar.obaz.omyprog:$(OBJS)g++Xomyprog$(OBJS)Wecanalsouseavariableforthenameoftheoutputexecutable:OBJS=foo.obar.obaz.oEXE=myprog$(EXE):$(OBJS)g++Xo$(EXE)$(OBJS)•UpdatetheCPPFLAGSvariableinyourMakefileasshownabovesothattheXWallflagisincludedwhenobjectfiles(*.o)arecompiled.Testyourchanges.$makeg++XWallXgXcXolist.olist.cppg++XWallXgXcXomain.omain.cppg++mystrings.omain.oXomainVariablescanalsobesetfromthecommandline,inwhichcasetheyoverridethedefinitionsinthemakefile:$makecleanrmXfmainmain.olist.o$make"CPPFLAGS=Xg"g++XWallXcXolist.olist.cppg++XWallXcXomain.omain.cppg++list.omain.oXomainAutomaticvariablesandimplicitrulesInadditiontovariablesthatyoudefine,thereareseveralautomaticvariablesthatcanbeusedin



commands.Someofthemostcommonare:*$@Xtarget*$̂Xallprerequisites*$<XthefirstprerequisiteAutomaticvariablescomeinhandyespeciallywhenwritingimplicitrules.Implicitrulesareextremelyusefultoolstospecifyhowtodealwithallfileswiththesamesuffix.Forexample,thisrule:%.o:%.cpp$(CXX)Xc$(CPPFLAGS)$(CPPFLAGS)$<Xo$@specifieshowtocreateanobjectfilen.ofromsourcefilen.cpp.Notehownoparticulartargetismentioned,insteadthe'%'characterisusedtomatchwithanyobjectfilethatendsin.oor.cpp.YoucanincludeimplicitrulessuchastheoneaboveinyourMakefile.However,thereareanumberof"builtXin"implicitrulesthatmakeusesautomaticallyunlessyouoverridethemspecifically.YoucanreviewtheserulesintheGNUManual.Inparticular,notethatobjectfilen.oiscompiledautomaticallyfromsourcefilen.cppwiththecommand'(CXX)Xc$(CPPFLAGS)$(CXXFLAGS)'.ThezipfileforthislabcontainsthefileMakefile,amakefilefortheprogramdescribedabove.Notethattheserulesfor.ofilesdonothavecommandlines:#compileXreliesonbuiltXinrulefor.cppfileslist.o:list.cpplist.hmain.o:main.cppmain.hHere,mystrings.oandteststr.owillbecompiledfrommystrings.cppandteststr.cusingbuiltXinrules.Theprequisitelistsineachruleensuresthateachwillberecompiledwhenmystrings.hisupdated.Exercise1<<10points>>WriteamakefileforbothofthelistADTs(simulataneously).Yourmakefileshouldbeinadirectorythatcontainsthetwosubdirectorieslistandlist_end.Notethatyoucannamefilesinsubdirectoriesincommandslikethis:#compilelist/list.olist/list.o:list/list.cpplist/list.hg++XcXWallXolist/list.olist/list.cppAlloftheexecutableandojectfiles(.o)youcreateshouldbeinthecorrectdirectory:e.g.



list/list.oifyoucompiledlist/list.cpp.Notethatyoucouldcompileandtestthesetwoprojectswithtwolines:$g++list/list.cpplist/main.cppXolist/main$g++list_end/list.cpplist_end/main.cppXolist_end/mainHoweveraMakefilewillavoidrecompilingupXtoXdatefiles.Yourmakefilemustmeetthefollowingrequirements:*Themakefilehasrulestocreatetwoexecutablescalledlist_end/mainandlist/main.*Themakefilecreatesobjectfileslist.o,andmain.oineachofthedirectorieslistandlist_end.*Themakefileincludesrulesfortargetsallandclean.allshouldcompileboththelist_endanthelistproject,andcleanshouldcleanbothdirectories.*ThecompilerandthecompilerflagsaresetwithvariablesCXXandCPPFLAGS.Hint:startoffsimple,withjustoneofthetwoprojects.Listalreadyhasamakefile,moveitonedirectoryup:ifyoustartfromthedirectorylist,dothefollowing:$cd..$mvlist/Makefile.$lslistlist_endMakefileNowedittheMakefile:changethenamesofthefilestocontainthesubdirectory(e.g.changelist.cpptolist/list.cpp),addtheallandcleanrules,andthevariables.Finally,addtheotherproject(list_end).Besuretorepresentdependenciescorrectly.Forexample,list/list.oshoulddependonlist/list.handlist/list.cppSubmittheMakefilefortheprogram.



FLTK:AsimpleGUIlibraryInthesecondpartofthelabyouwillbewritingaseriesofC/C++programsthatusetheFLTKlibrary(http://www.fltk.org/),asimplelibraryforbuildinggraphicaluserinterfaces(GUI).Thislibrarywillenableyoutowriteprogramsthatopenwindows,reacttoeventslikebuttonclicks,etc.TheFLTKlibraryisalreadyinstalledontheCSmachines,sothereisnoneedtoinstallitfirst.Exercise2<<5 points>>Inthisfirstexercise,youareprovidedwithC/C++codethatusestheFTLKlibrary.Thegoalofthisexerciseisforyoutoseehowthelibraryisincludedinyourprogram,andhowthisaffectshowyourprogramiscompiled.Inthenextexerciseyouwillbuildonthiscode.Youdonotneedtohandinanycodeforthisexercise.Whenyouaredone,raiseyourhandandtheinstructorwillverifythatyou'vecompiledandruntheFLTKprogramcorrectly.ThecodeyouwillcompileandrunissimilartotheexampleincludedintheFLTKdocumentation:#include<FL/Fl.H>#include<FL/Fl_Window.H>#include<FL/Fl_Box.H>intmain(intargc,char**argv){Fl_Window*window=newFl_Window(300,200);Fl_Box*box=newFl_Box(20,20,260,100,"Hello,World!");box�>box(FL_UP_BOX);box�>labelsize(36);box�>labelfont(FL_BOLD+FL_ITALIC);box�>labeltype(FL_SHADOW_LABEL);window�>end();window�>show(argc,argv);returnFl::run();}Fornow,don'tworryaboutthecodeinsidethemainfunction.Nonetheless,noticethe#includestatementsatthetopofthefile.ThesestatementsincludetheFLTKheaderfiles,sothecompilerwillbeawareoftheclasses,functions,andotherdeclarationsincludedwiththeFLTKlibrary.SincetheFTLKlibraryisalreadyinstalledontheCSmachines,theincludefilesarealreadyinawell9knownstandardlocation(in/usr/include?takealookatthisdirectory,andyouwillseeheaderfilesfromawidevarietyoflibraries).So,theincludestatementspecifiesthepathtotheheaderfiles<betweenless9thanandgreater9thansymbols>.Thisinstructsthecompilertosearchforthefilesinstandardlocations(like/usr/include).Now,trytocompiletheprogram:



g++test_fltk.cppRotest_fltkYoushouldseealotof“undefinedreference”errorslikethis:/tmp/ccwUroJt.o:Infunctioǹmain':test_fltk.cpp:(.text+0x42):undefinedreferencetoF̀l_Window::Fl_Window[inRcharge](int,int,charconst*)'test_fltk.cpp:(.text+0x12c):undefinedreferencetof̀l_define_FL_SHADOW_LABEL()'test_fltk.cpp:(.text+0x146):undefinedreferencetòFl_Group::end()'...Thesearealllinkererrors,meaningthattheprogramcompiledsuccessfully,butfailedinthelinkingstepbecausethecompilercouldnotfindtheimplementationoftheFLTKfunctionsusedinourprogram(infact,ifyoutrytocompilewithoutlinking,using“g++�ctest_fltk.cpp�otest_fltk.o”,youwillseenoerrormessagesatall).Whatistheproblem?AlthoughwehavecorrectlyincludedtheFLTKheadersinourcode,andthoseheadersarecorrectlyinstalledonoursystems,westillhavetotellthecompilertolinkwiththeFLTKlibraries.Thisisdonewiththe“�l”option:g++test_fltk.cppRlfltkRotest_fltkNow,yourprogramshouldcompilefine.Ifyourunit,youshouldseethefollowing:

Now,let'stakeacloserlookatthecodeinsidethemainfunction:Fl_Window*window=newFl_Window(300,200);Fl_Box*box=newFl_Box(20,20,260,100,"Hello,World!");Firstofall,wecreateanewwindow(ofsize300pixelsby200pixels).ThisisdonebycreatinganewFl_Windowobject.Next,wecreatea“box”withsometextinit.Theboxiscreatedinthewindowwejustcreatedand,inparticular,itisplacedincoordinates



(20,20).InmostGUIlibraries,theoriginpointofawindowisitsupper9leftcorner.Theboxhassize260pixelsby100pixels,anditstextis“Hello,World!”.Aswecanseewhenrunningtheprogram,thisboxappearsatthetopofourwindow.box�>box(FL_UP_BOX);box�>labelsize(36);box�>labelfont(FL_BOLD+FL_ITALIC);box�>labeltype(FL_SHADOW_LABEL);TheelementsinourGUI(windows,boxes,buttons,etc.)areusuallycalledwidgets.Widgetsgenerallyhaveasetofattributesthatwecanmodify,tocustomizethelookofourGUI.So,aftercreatingthebox,wemodifyacoupleofitsattributesusingmemberfunctionsoftheFL_Boxclass:.Weindicatethetypeofboxusingthebox()method.FL_UP_BOXindicatesthatthisisa“raised”box(noticehowtheboxstandsoutfromtherestofthewindow)..Wesetthefontsizeofthetextintheboxusingthelabelsize()method..Wesetthefontproperties(boldanditalic)usingthelabelfont()method..Wesetthetypeoflabelusingthelabeltype()method.Inthiscase,byspecifyingFL_SHADOW_LABELwehaveaddedashadoweffecttothetext.window�>end();window�>show(argc,argv);returnFl::run();Finally,weindicatethatwehavefinishedspecifyingthiswindowusingtheend()method.Ifwecreatedmorewidgets,theywouldnotbeaddedtoourwindow.Next,wemakethewindowvisibleusingtheshow()method.Finally,wecallFLTK'srun()function,whichwillcreateandvisualizetheGUIwejustspecified.



Exercise3<<10 + 5 points>>ThepreviousexerciseshowedaverysimpleexampleofaFTLK9basedprogram.Therearedozensofotherwidgetswecouldaddtoourprogram,andliterallyhundredsofotheraspectswecouldmodifyinourGUI,andtheexampleisjustmeanttoillustratehowwecanaddnewfunctionalitytoourprograms(likeaGUI)withrelativelylittleeffort(comparedtowritingaGUIlibraryourselves).IfyouwanttolearnmoreaboutFLTK,thebeststartingpointsaretheFTLKwebsiteandtheFLTKprogrammingmanual(http://www.fltk.org/doc91.1/toc.html).Infact,inthisexercise,youwillhavetolookatthemanualtofindinstructionsonhowtoaddanewwidgettoyourprogram.Inthisexercise,youmustaddabuttonwidget,withthetext“Pressme!”onit.Thedimensionsandpositionofthebuttonarespecifiedinthefollowingfigure:

Notethataddingthisbuttoninvolvesaddingasingleadditionallinetoyourprogram.Exercise4<<Extra credit: 5 points>>Modifytheprogramsothat,whenthebuttonisclicked,itslabelchangesto“Youclickedme!”.


