Why object-orientedprogramming?Everyone elseisdoingit.It willmakemebetterprogrammerOO programsarebetter

No, reallywhyobject-oriented?ouareinterestedinuserinterfaces.Direct manipulationCurrent statePolymorphic operationsouwantOOforotherapplications.Incremental algorithmsProtocol interpretation

Ok, sohowaboutC++?Object-Oriented SystemsProgrammingData abstractionInheritance Cheap deliveryplatformHeterogeneity ypeloopholes(casts)Static type-checkingMachine-level operations(e.g.,bitwiseand)

Schedule 8:30 Motivation8:40 Dataabstraction9:40 Break9:50 Inheritance10:35 Break10:45 Hints1:20Summary

Data abstractionOrganize programsbytypesDe�ne typesbyfunctioninterfacesHide representationandimplementationPrograms easiertomodify

Example: RectangleFrom Xlib.h:typedef structshort x,y;unsigned shortwidth,height;XRectangle;Right coordinateisx+width-1What ifrepischangedtotwopoints?

class Rectanglepublic: Rectangle(); Rectangle(); Coord left();Coord top();Coord right();Coord bottom();Coord width();Coord height();void move(Coord,Coord);void size(Coordwidth,Coordheight);private: ...

C++ classesCan havefunctions,or\methods"argetisimplicitargumentofunctionMust specifyparametertypesCan accesspublicfunctionsanywhereCan accessprivateonlyfromownfunctionsProcedure isfunctionthatreturnsvoid

Usage Rectangle r;Rectangle* rp;.left();.move(x1,1);rp newRectangle;rp-> righ t();rp -> size(1 1);

Constructors anddestructorsCreate aninstance=>callconstructorDelete aninstance<=calldestructorRectangle* someclass::f()Rectangle r;/* callRectangle::Rectangle()*/Rectangle* rp;rp newRectangle;/* callRectangle::Rectangle()*/return rp;/* callRectangle::Rectangle() on*/void freerect(Rectangle*rp)delete rp;/* callRectangle::Rectangle */10

Private sectionclass Rectanglepublic: ... private: Coord left;Coord top;Coord width;Coord height;

Conventions List publicbeforeprivateList �eldsbeforemethodsUppercase beginstypenameLowercase beginsmethodorvariableUnderscore begins�eldvoid public�elds(rememberXRectangle)12

Function de�nitionUse \::"fortodelimitclassscopeImplicit this-> for�eldsandmethodsvoid Rectangle::move(Coordleft,Coordtop)// move(Rectangle*thisCoordleft,Coordtop)leftleft;// this-> leftleft;toptop;// this-> toptop;13

Inline functionsAdd \inline"asstorageclassPut bodyinheader�leinline CoordRectangle::left()return left;Short-hand: class Rectangle... Coord left()returnleft;... 14

Overloading bytargetclass Circle... Coord left();... Distinguish byusageRectangle r;Circle c;if (c.left().left())... 15

Overloading byparametertypeclass Rectangle... Coord left()returnleft;void left(Coordc)leftc;... 16

Overloading canbeambiguousclass BigTroublepublic: void doit(A*);void doit(B*);BigT roubleb;b.doit(0); 17

Operators Can overloadin�xoperatorsclass Rectangle... Rectangle operator+(Rectangle);... r1r2;18

Conversion operatorsclass void f(T2);T1 x;a.f(x); Look forT1::operatorT2()Look forT2::T2(T1)19

Using conversionoperatorsclass Stringpublic: String(char*) operator char*()String operator=(String);... String s;\thisistest";20

Conversion operatorscanbeambiguousclass Coordpublic: Coord(int); operator int();Coord operator+(Coord);Coord x0,x1;x0 x1;21

Conversion operatorscanbeconfusingclass Semaphorepublic: Semaphore(int); void wait();void signal();Semaphore mutex(1);mutex 1;22

Friends public isallfunctionsprivate isonlyclassfunctionsfriend restrictstoclassorfunctionclass Rectangle... private: friend Rectangleoperator+(Rectangle,Rectangle);friend classRectangleList;23

// // Samplesession:// // polygonvertices:(1,2)(3,4)// // polygonvertices:(3,4)// // polygonvertices:// #include stream.h #include stdlib.h typedef intCoord;24 class ertexpublic: ertex(Coordx,Coordy);Coord x()returnx;Coord y()returny;ertex*next()returnnext;ertex*prev()returnprev;void link(Vertex*);void unlink();private: Coord x;Coord y;ertex*next;ertex*prev;25 class Polygonpublic: Polygon(); Polygon(); void append(Coordx,Coordy);void remove(Coordx,Coordy);void print();ertex*head()returndummy-> next() ertex*tail()returndummy-> prev ()ertex*end()returndummy;private: ertex*dummy;26

// // Readanintegerfromstandardinput.// Iftheinputisnotaninteger// printanerrormessageandexitheprogram.// int readint()int n;if (!(cin>>n))cerr <<\readintfailedn"; exit(1); return n;27

// // Themainprogramreadscommandsfrominput// tocreateorprinthepolygon.// int main()Polygon p;char c;Coord x,y;while (cin>>c)switch (c)case ’a’:readint();readint();p.append(x, y);break; case ’r’:readint();readint();p.remove(x, y);break; case ’p’:p.print(); break; case ’:casen’: caset’: // ignorewhitespacebreak; default: cerr <<\unexpectedcharacter<<<<n"; exit(1); 28

Polygon::Polygon() dummynewertex(0,0);Polygon:: Polygon() ertex*v;ertex*vnext;for (vhead();!=end();vnext)vnext -> next(); delete v;delete dummy;29 void Polygon::append(Coorx,Coordy)tail() -> link(new ertex(x,y));void Polygon::remove(Coordx,Coordy)for (Vertex*head();!=end();-> next() if (v-> x() ==&&-> y() ==y)-> unlink(); delete v;break; void Polygon::print()cout <<\polygonvertices:";ertex*v;for (vhead();!=end();-> next() cout <<("<<-> x() <<\,"<<-> y() <<\)";cout <<n"; 30 ertex::Vertex(Coordx,Coordy)x;y;nexthis;prevthis;void ertex::link(Vertex*v)-> nextnext;-> prevthis;next-> prevv;nextv;void ertex::unlink()next-> prevprev;prev-> nextnext;nexthis;prevthis;31

Power ofdataabstraction1. Canusewithoutknowingorunderstandingthe implementation2. Canchangeimplementationwithoutafecting the usageC++ classesprovidenotationforde�ningabstract datatypes.32

Inheritance Other sideofstoryDistinguishes object-orientedprogrammingShare interfaces,varyimplementationsIncreases code-sharing33

Example: UserinterfacesDirect manipulationDo somethingtothisobjectonthescreenSomething diferent fordiferent objectsRectangles, circles,polygonsGroup ofobjects34

Draw listofobjects(Glyphs)void drawlist::(GlyphList*gl)Glyph* g;for (ggl-> head( );!=gl-> end( );-> next()) -> draw() 35

Data abstractionaloneAll objectsmustbeoftypeGlyph.Case statementohandledrawindividuallyHard toaddnewkindsofglyphs(e.g.,splines)Inheritance De�ne Glyphclasswith\virtual"drawfunction.Make Rectangle,Circle,andPolygonsubclassesof Glyph.Each subclassimplementsitsowndraw36 irtual functionsclass Glyphpublic: virtual voiddraw();class RectanglepublicGlyphpublic: ... virtual voiddraw();... 37

Draw implementatiovoid Rectangle::draw()point(left(), top());point(right(), top());point(right(), bottom());point(left(), bottom());closepath(); void Polygon::draw()... 38

Abstract classesNo instances,onlysubclassesDe�ne protocolsSubclasses canaccessprotectedfunctionsGlyph isabstract39

Example: Expressiontreeevaluationclass Exprpublic: virtual inteval();virtual Expr( );protected: Expr(); 40

Subclasses class BinaryExprpublicExprpublic: BinaryExpr(Ex prOp,Expr*,Expr*);BinaryExpr( );virtual inteval();protected: ExprOp op;Expr* left;Expr* right;class IntLeafpublicExprpublic: IntLeaf(int); virtual inteval();private: int value;41 op-levelcommandloopExpr* readexpr()printf(\%d n", -> eval()) Readexpr casescase 1:return newBinaryExpr(opadd,e1,e2);case 2:return newIntLeaf(i);... 42

Eval operations:int BinaryExpr::eval()int e;int e1left-> eval(); int e2right-> eval() switch op)case opadd:e1e2;break; ... return e;int IntLeaf::eval()return value;43

Constructors Create anobjectforsubclassCall baseclassconstructorBEFORERectangle r;// callGlyph(),thenRectangle()44

Destructors Delete anobjectofsubclassDestructor mustbevirtualCall baseclassdestructorAFTERRectangle* r;delete r;// callRectangle(), thenGlyph() 45

Protected accessSuppose allglyphshaveboundingbox.Subclasses needtosetbox,othersshouldnot.class Glyphpublic: ... protected: void bounding(Rectangle&)46

Power ofinheritanceShare interfaces,varyimplementationsShare codeusinginterfaces(e.g.,Box::draw)Inheritance isuniquetoobject-orientedprogramming.47

Hints++ Everything isanobjectIt takestwotocommunicateOptimize nocodebeforeitstimeoungprogrammingenvironments48

Everything isanobjectNo globalfunctionsNo staticvariablesNo staticfunctionsFew globalobjects49

Example: scannerclass InputFilepublic: InputFile(); InputFile(); static InputFile*open(Filename);Filename name()returnname;int lineno()returnlineno;boolean getline(char*dst,intmaxchars)private: Filename name;FILE* fp;int lineno;50 class Scannerpublic: Scanner(Char Map*);Scanner() char get();char peek();boolean push(Filename);void pop();int scan(LexSet);void skipwhite();private: InputFile* cur;InputFile** stack;InputFile** sp;CharMap* map;char* curline;char* curcharboolean getline();51

It takestwotocommunicateThink aboutprotocolsConsider bothcallerandimplementorKeep itsimpleStable, sharedprotocols52

InterV iews subject-viewprotocolSubject representsdataiew representsuserinterfaceiew attachestosubjectSubject noti�esviewswhenitchangesiew detachesfromsubjectSubject noti�esviewsfromitsdestructor53

Optimize nocodebeforeitstimeC++ aboutasfastasUse inlinessparinglyifatallUse virtualfunctionsheavilyPro�le andtunewhentheneedarises54

Example: int 0;for (int1;<=w;i++)for (int1;<=h;j++)color[k++] newColor(iinc,jinc,limitkinc); Should Color::Color(int,int,int)beinline?No, itsendsancallanywaywhichcostsabout10function calls.55 oungprogrammingenvironmentsT&Tcfrontistoddlerg++ ischaoticSlow progressonbrowsing/debugging56

Example: Referencecountingry#1:BasedestructorcallsvirtualDeletery#2:Base::operatordeletery#3:Base::UnrefoperationCurrent: GlobalUnrefoperation57

Concluding remarksC++ ismuchbetterthanNotation forabstractionandinheritanceClasses, virtualfunctionsDesign communicationbetweenobjectsShare protocols,varyimplementationsSimplicity isimportantrite C++programtoday!58