Why areyouusingC++?All yourfriendsareusingit.ouweretoldto.ouaren’tallowedtouseLispanymore.ouwantodoobject-orientedprogramming.

C++ conceptsData abstractionInheritance Classes, virtualfunctionsPublic/protected/private/friend Constructors, destructorsOperator overloadingypeconversionoperatorsInline functions

Questions: When toinheritvs.instance?Is multipleinheritanceuseful?When tousepointersvs.references?How tomakeparameterizedclasses?How tobuildclasslibrary?How todebugC++program?

Schedule 1:30 Motivation1:40 Languagechoices2:40 Break2:50 Libraries3:50 Break4:00 Environments4:20 Summary

Language issuesSingle/multi pleinheritancePointers/references/smart pointersAmbiguity

Principles Just becauseitistheredoesn’t meanyouhavetouseitDon’t letyourestheticsprevent youfrom�nishingthejobSimplicity ispower

Inheritance andinstancesclass public: int f();class publicclass private: a;public: int f()returna.f();operator A&()returna;

Why notuseinheritance?Scatters functionalityCreates header�ledependenciesMight causeunexpectedresultsHard toundoinnextrelease

Reasons touseinheritance1. Rede�ningvirtuals2. Rede�ningconstructors3. Sharingimplementation

Rede�ning virtualsclass Interactorpublic: virtual voidHighlight(boolean);class MessagepublicInteractorvirtual voidHighlight(boolean);... Interactor* i;-> Highlight(true); 10

Rede�ning constructorsclass MenupublicControlpublic: Menu(Interactor*) void SetAlign(Alignment);class PulldownMenupublicMenupublic: PulldownMenu(Interactor*) PulldownMenu(const char*);private: void Init();PulldownMenu::PulldownMenu(Interactor* i)(i)Init(); void PulldownMenu::Init()SetAlign(BottomLeft);

Sharing implementationclass Resourcepublic: Resource() virtual Resourc e()void Reference();void Unreference()private: friend voidUnref(Resource*)unsigned refcount;class ColorpublicResource...12

Multiple inheritanceclass GlyphpublicResourcepublic: virtual voiddraw();class InputHandlerpublic: virtual voidhandle(consEvent&);class ButtonpublicGlyph,publicInputHandlerpublic: virtual voiddraw();virtual voidhandle(consEvent&);13

Ambiguous membersclass public:intf();class public:intf();class publicA,publicC* c;-> f(); //A::f()orB::f()?-> A::f(); 14 irtual baseclassesclass publicResource...class publicResource...// nowgetstworefcountsclass publicA,public// FixmustbeappliedtoandB!!!class virtualpublicResource...class virtualpublicResource...15

Pointers (T*)Dynamic Allow addressarithmeticCan bere-assignedReferences (T&)Fixed T’ operationsSingle assignment16

Rules ofthumbMembers shouldbepointersexcept whenvalueis�xedatcreationParameters shouldbereferencesexcept whentypeisalwaysonheap(Interactor Font,Color)17

Smart pointersclass pApublic: A* operator->(); operator A*();private: A* rep;class public: int f();pA a;-> f(); 18

Problems withsmartpointersParallel classderivationsNot compatiblewithancestorsNot createdbyoperatornew19

Useful foriteratorsclass Iteratorpublic: Iterator();void �rst();boolean more()const;void next();T* operator->(); operator T*();private: T* cur;for (TIteratori;i.more();i.next())-> f(i); 20

Pointers tomemberfunctionstypedef void(App::MenuFunc)()class ActionpublicMenuItempublic: Action(const char*,Alignment,App&,MenuFunc*);virtual voidDo();private: App& app;MenuFunc* func;Action::Action( const char*strAlignmental,App&a,MenuFunc*MenuItem(stral),app(a),func(f)void Action::Do()app.*func)();21

Ambiguity resolutionypeconversionConstructors Copying objectsDefault parameters22 ypeconversionclass MyNumberpublic: MyNumber(int); MyNumber( oat); MyNumber(double) operator int()const;operator oat()const;operator double()const;friend operator+(MyNumberMyNumber);MyNumber n,m;m;23

Solution istoorderconversionsT1 ->T2->T3...Disallow circularityForce explicitout-of-orderint MyNumber::intv()const24

Constructors class Semaphorepublic: Semaphore(int); void wait();void signal();Semaphore mutex(1);mutex1;25

Solutions Special initfunctionDerive MutexSemaphoreProtect assignment26

Copying objectsInitialization Assignment Parameter passingFunction return27

Member functionsA::A(const A&)A::A(A&) A& A::operator=(constA&)A& A::operator=(A&)If notde�ned,defaultisprovidedNot inherited28

Default parametersclass HGluepublicGluepublic: HGlue(Coord natural0,Coordstretchh�l);HGlue( Coord natural0,Coordshrinkh�l,Coord stretchh�l); newHGlue(1*inch,1*inch);Occasionally usefulReally wantkeywordparameters29

C++ classlibrariesSimple Extensible Evolve overtime30

Keeping itsimpleWhen indoubt,leaveitoutShallow classhierarchyInter-object protocolsOptimize commoncases31

Extensibility Make itvirtual,notinlineProtected isasopenaspublicHide theimplementationMinimize interfacedependenciesUse friendsforprotection32

Hiding theimplementationclass orld publicScenepublic: ... class orldRep* rep()returnrep;private:orldRep* rep;#include InterV iews/X1 1/Xlib.class orldRep public: char* hostname();Display* display();... 33

Class namesGlobal acrossapplicationandlibrariesPart oflinkageidenti�ersShort, butnotoogenericCan usepre�xconventionShould be�xedinlanguage/environment34

Collections (Lists, sets,tables,...)Dynamic typeinformationemplates/generics35

Heterogeneous collectionclass ListpublicCollectionpublic: List(); List(); virtual voidappend(constObject*);virtual voidremove(constObject*);class ListElement&head()const;class ListElement&tail()const;class ListElementpublicObjectpublic: ListElement(); ListElement(); boolean end()const;ListElement& next()const;ListElement& prev()const;operator Object*();36

Using ListList a;Interactor* i;a.append(i); for (ListElementa.head();!e.end();e.next())Object* e;Narrow(o,classInteractor);37 emplates(proposed)template class classListpublic: virtual voidappend(constT);virtual voidremove(constT);class ListElementhead()const;class ListElement<T> tail()const;template class classListElementpublic: ListElement next()const;ListElement prev()const;operator T();38

Using templatesList Interactor* a;Interactor* i;a.append(i); ListElement Interactor* e;for (ea.head();!e.end();e.next())e;39 emplatepowerIf �le1.cusesListInteractor* And �le2.cusesListInteractor* a.out containsonlyoneappendmethodThis makesithardertoimplement40

Implicit whereclausetemplate class classListboolean operator(const List&); template class boolean List::operator (List list)ListElement e1head(),e2list.head();for (;!e2.end();e1e1.next(),e2e2.next())if (e1.end())return true;t1e1,t2e2;if (t1t2)return true;elseif(t1t2)break; return false;List int a,b;List Interactor* c;if (ab)...41

Another exampletemplate class unsignedsize10class LocalArraypublic: LocalArray(u nsignen)if (nsizeof(smallarray))datasmallarray;elsedatanewchar[n];LocalArray( if data!=smallarray)delete data;T& operator[](unsigned)private: T* data;smallarray[size];int f(constchar*s)LocalArray c hara(strlen(s)+1)... 42

Using macrosDe�ne templateasmacrosName declare, Nameimplement Use declare(name,param)in.h�leUse implement(name,param)in.c�leNot prettyorconvenient43

Example: Array#include generic.h #de�ne Array(T)name2(Array,T)#de�ne Arraydeclare(T)class Array(T)public: Array(T)( );... #de�ne Arrayimplement(T)Array(T)::Arr ay(T)(... 44

Example: I/OStreamlibraryclass iosclass istreamvirtualpubliciosclass ostreamvirtualpubliciosclass iostreampublicistream,publicostream45

Using streamsclass StringBufer public: friend classostream&operator<<ostream&, constStringBufer& ); istream& operator>>istream& out,constStringBufer& ... ostream& operator<<ostream& out,constStringBufer& ... StringBuf fer b;cin >>b;cout <<b;46

InterV iews Inter active iews Graphical applicationsLayer abovewindowsystemNatural object-orienteddesignComposition objectsDrawing framework47

Examples #include InterV iews/message.h #include InterV iews/world.h int main()orld* worldneworld; world -> InsertApplication( new Message("Himom!");); world -> Run() delete world;return 0;48 new VBox(new VGlue(space,v�l),new HBox(new HGlue(space,0),new Message("TimetopickupMargoandPaul");new HGlue), new VGlue(2*space,2*v�l),new HBox(new HGlue,new PushButton("OK,OK...",status,false),new HGlue(space,0), new VGlue(space); 49

InterV iews librarieslibInterV iews compositionlibgraphic structuredgraphicslibUnidraw drawingframeworklibT asktime-slicedtasks50

Lessons forC++librariesComplexity isalwaysknockingonthedoorUse indirectionfor exibilityirtual functionsAccess functionstoprivatemembersIndirect representationClasses versusconcretetypes(Coord)Preserve interfaceswhenpossibleUse destructorsonlyfordeallocation51

Application-driven designork fromapplicationdownGeneralize solutions,notproblemsLook atpowerfrombottomupAllow accesstolowerlayers52

Building C++programsCompiling andlinkingName manglingDebugging Browsing Documenting 53

Compilation CC -g-c-I/usr/include/InterViews/Std interactor.cSuf �xes .c,.C,.cc,.cxxProduces interactor.oAutomatic -ICCincludedirectorystream.h, string.h,...Automatic -Dcplusplus=1-Dcplusplus=1/lib/cpp -B54

Linking withstaticobjects// test.cclass public: A(); A(); private: int x;globala;Special initializerfunctionsforconstructing, destructingobjects55

Link stepsResolve symbolsLook forinitializerfunctionsCreate tableofunctionsPatch tableintoa.outOr relinkwithtableHave maincallfunctionsintable56

Name manglingMake uniquelinksymbolvoid Interactor::Read(Event&);Read 10InteractorFR5Evenoolsshouldhidelinkernames,but...Compiler outputLinker errormessagesDebugger symbols57

Debugging Line numbersmappedbycompiler/translatorSymbols maybemangledDebugger maynotunderstandinheritanceUse vtbltoidentifytypes58

Example dbxa.outReading symbolicinformation...Read 2039symbolswarning: mainroutinenotcompiledwiththe-goption(dbx) ^ZStopped nma.outgrepSquaresView00005cec _Redraw__11SquaresViewFiN3100006090 _Update__11SquaresViewFv00005b88 ___ct__11SquaresViewFP7Squares00004900 ___ct__12SquaresFrameFP11SquaresView00005c58 ___dt__11SquaresViewFv0004d8e0 ___ptbl__11SquaresView_____view_c0004d860 ___vtbl__11SquaresViewfgdbx a.out(dbx) stopinRedraw__11SquaresViewFiN31(2) stopinRedraw__11SquaresViewFiN3159

(dbx) Running: a.outstopped inRedraw__11SquaresViewFiN31atline51in file"../view.c"51 output->ClearRect(canvas,x1,y1,x2,y2);(dbx) Redraw__11SquaresViewFiN31( __0this 0x5fd40,__0x1 0,__0y10,__0x2199,__0y2199), line51in"../view.c"SendRedraw__10InteractorFiN41() at0x259b0getEvent__11EventReaderFUiR5Event() at0x25468gotEvent__11EventReaderFUiR5Event() at0x2f67cread__11EventReaderFR5Event() at0x2f278run__11EventReaderFv() at0x2f374Run__10InteractorFv() at0xd860‘main() at0x2c4460

(dbx) *__0this*‘view‘Redraw__11SquaresViewFiN31‘__0this shape__10Interactor 0x5fd88canvas__10Interactor 0x6c9c0perspective__10Interactor (nil)xmax__10Interactor 199ymax__10Interactor 199input__10Interactor (nil)output__10Interactor 0x5ebf0parent__10Interactor 0x61b40classname__10Interactor (nil)instance__10Interactor (nil)toplevel__10Interactor (nil)left__10Interactor bottom__10Interactor cursensor__10Interactor (nil)__vptr__10Interactor 0x4d860subject__11SquaresView 0x5fc10(dbx) &__vtbl__11SquaresView&__vtbl__11SquaresView 0x4d860(dbx) dump__1h 541098001__1w 134217728__1y 202__1x __1s 0xf7fff780__0y2 199__0x2 199__0y1 __0x1 61

Documenting Manual pageperclassReplicate inheritedmethodsExamples, lotsofexampleswanton-linebrowsing!62

Summary Paying theinheritancetaxirtuals, constructors,implementationLinking tootherobjectsMembers andheaptypespoint,parameters and�xedlinksreferenceResolving ambiguityBe explicitwithconstructors,assignmentSort directionoftypeconversions63

Stocking librariesishardworkSimple touseFocus onspeci�csolutionsEasy toaddfunctionalityUse virtualsplentifullyGrows andchangesovertimeMake implementationprivateHang onuntiltemplatesUse existinglibrariesI/O streamsInterV iews 64

Keep intouchwithyourenvironmentStatic objectsMangled namesUse debuggerhoweverpossibleUse browser65

Conclusions C++ ofers thepowerProgrammer providesthebrainsImplementation/i nterfacecodereuseThink{design{code{repeat Build experiencefromothers66