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Object-Oriented Design
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General

e lecturer
O Dr.James Farrow
0 SIT444
0 matty@it.usyd.edu.au

e Assessment
0 30% Practical work
0 70%  Written exam

e Reference Book
0 Stroustrup ¢ The C++ Programming Language 3" Ed
0 Lippman, Lajoie, Moo ¢ C++ Primer 4" Ed

Classes
e OO Programming
0 Objects ¢ things that can be manipulated; collection of data; nouns
0 Methods ¢ Ways of manipulating objects; collection of operations; verbs
e (Classes
0 Describes how objects are put together and behave
0 Aname
O Astructure ¢ static and non-static data members
0 A behaviour ¢ static and non-static member functions; non-member functions (conceptually a part)
e Objects are instances of a class, with type defined by the class
e Automatic variables
0 No reference counting
o 52Sa y2i dzasS (GKS 62NR aySgé
0 Local scope
O Resource acquisition is initialisation (RAIl) ¢ automatic variables are automatically destroyed
A Tie things to their lifetimes
A Memory allocations, pointers, open files and streams
e Initialiser lists
0 Class::Constructor() : variable(construction parameters) {}
e Function declaration (prototypes) ¢ declare in .h files, methods not defined.
0 Definitions go into the .cc file for methods and static data members.
0 Non-member functions are also defined in the .h file
e Const methods ¢ do not modify the object
0 Compiler marks an error on const method attempting to modify the object
e Constobjects¢/ I Y QU -dnstimbthoys Bnytonst objects

Testing
e Pre-conditions ¢ situations under which it guarantees to work
0 Responsibility of the caller to meet the precondition
e Post-conditions ¢ things the body of the function guarantees to be true after execution with pre-conditions met.
0 Responsibility of the called-code to meet the post-condition
e Hoare triples
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o {P}A{Q} If P was true before executing A, then after executing A, Q will be true.
0 Acan do anything if P is not met.
e Testing process
0 Set up pre-conditions
0 Call function/method of object
0 Test post-conditions
e Robustness ¢ throw exceptions if P is not true, to avoid unexpected behaviour

Templates
e Generic programming
0 When types are not relevant to the algorithm, just write the logic without need for specifying types
e Using function template
0 Supply the type as an argument max<int>(c, d)
0 Or let the compiler infer the type max(c, d)
e STL containers are templates
0 Must include the type, otherwise the containers are incomplete.
0 All containers share a common interface
A Specific containers may not have implemented some operations
A Commonality leads to flexibility

STL Containers
e Consistent paradigm
e Mostly have uniform APl ¢ common names for routines, iterators for examining content
e Member types

0 value_type is the type of elements stored in the container
0 size_type used for index values
0 iterator type of iterator that can be used to iterate over the container

e Element restrictions
0 Must be copyable using the copy constructor and assignment operator
0 Copies must be equivalent
0 Must have weak ordering for some container types (like map)
0 May need a default constructor
e Vector
0 Contiguous memory allocation
Random access
Quick to search ¢ O(log n)
Slow to insert ¢ may be O(n)

©O O O O

Capacity is the size to which a container may grow before new memory need to be allocated
e List

Linked list

Chained objects spread over memory

Only linear access from start

Slow to search ¢ O(n)

Quick to insert ¢ O(1)

© 0O 0 0o oo
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Iterators
e 1y 0&UNIOGA2Y 2@GSNJ GKS 02y OSLIi 2F aft20FGA2Yy 6A0
0 Deliberately have syntax like pointer dereference
0 Begin() points to first element
0 End() points to one past the last element
0 Reverse_iterator type used to loop backwards, usage same as normal iterator
e Const iterators
0 Prohibits modification of value through iterator
0 Need to use for const containers
e pair<T,U>
0 #include <utility>
0 Simple structure to contain 2 elements of possibly different types
o  Map<K,V>
0 Associative mapping type
0 Grown by assignment to a key
0 Value_type is a pair<K,V>
e |terator traits
0 Used at compile time to find out about iterators using template queries ¢ a common approach in C++

Operators
e Overloading
0 Multiple versions of a function may exist
0 Each must have a unique number and type of arguments
e Operators are functions, so can overload
e User-defined operators must have one user-defined on-pointer argument of class or enum type
e New operators may not be defined
e Operator precedence may not be changed
e Non-member operators
O 2arguments: lhs+rhs A operator+(lhs, rhs)
0 larguments: *p A operator*(p)
e Member operators
0 Loses the first argument, because it is always the object itself
e Member vs non-member operators
0 Some operators must be member: operator=, operator(], operator(), operator->
0 Some operators must be non-members: operator<<, operator>>
e 52y Qi 20SNI2FR 933 pp 2N dzyl NB 3
0 Overloading && or || will preclude the short-cut behaviour 6 L ¥ f K& alF §AaFfFASa 02y
0 Many fundamental things rely on unary & to return the address of an object

References
e A new name for an existing object
0 Must be given a binding when defined
0 This binding will not change the lifetime of the new name
e References as arguments to functions
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7

0 Letschangestoargumentd (2 WSaol LISQ
0 Prefer const T& arguments
A Passing by value may be expensive to copy
A/ 2yaid YIr1Sa adNF AG OFyQd OKIy3S
0 Non-const reference arguments must refer to a real object (an Ivalue)
0 Const reference arguments may refer to an rvalue or a temporary object
e Automatic variables
0 52y Qi NBGdzNYy NBTFSNEB YOS ngei Xistslwhlen afuvidtiah AetOrms@ NRA | 6 f S
0 Only return references when it is passed in as an argument
e Operator<< may need special access privileges
0 AFNASYRE¢ -mAeNbefindionlacceys & Wrivate and protected members
o .SUGSNI AT A4 R2SayQi ySSR AlG o0Oly dzaS AyalLlSod
0 Avoid this tight coupling when possible
e Privilege separation
0 Operators are often defined in terms of each other
0 Define a core subset of privileged member operators
0 Define other operators using them
0 E.g.+interms of +=, - in terms of -=
e References are Ivalues
0 May be used on the left hand side of = (but must be non-const)
e Operator[] returns a reference
e Operator= assignment operator deals with resetting an existing object to a new value
0 Must return a reference to self
0 Watch out for self-assignments
e Pre-and Post-increment ++
O Pre: operator++(T&)
O Post: operator++(T&, int dummy) dummy not used, just to differentiate between pre and post
e QOperator()
0 Lets an object be used as a function
0 Fundamental OO paradigm

Exceptions
e A communication mechanism
0 The called code is in the best position to determine if an error has occurred
0 The calling code is in the best position to handle such an error
e Signalling/Handling an error
0 Terminate the program

O Return a value representing the error
O Return a legal value, but leaving the program in an illegal state
0 Call afunction supplied to be called in case of an error
0 Exceptions are good to replace the first three cases
e Throwing an exception: throw Overflow();

0 Empty definition for class Overflow {};
e Catching any exceptions
0 Copy constructor is used to catch expressions by value
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0 Can catch exceptions by (const) reference

0 Stack is unwound until exception is caught

0 Automatic objects in each scope is cleaned up

0 Uncaught exceptions cause program termination
e Advantages

0 Out-of-band  separate normal and error branches, no need to reserve special error values

O Efficient zero overhead if no errors occur

0 Automatic cleanup from all exit points through stack unwinding
e Exception specifications method() throw (Exception)

0 Donotuse

0 Performance degradation

0 Can be impossible for function templates

Pointers
e Null pointeris0
0 May be literal, const or not even a 0.
0 Cannot be anintegerevenifA (1 Q& n
0 Ok to define NULL = 0 if a symbol is needed
0 Ok to delete null pointer
e New/Delete
0 New allocates memory (and initialises non-built-in object)
0 Delete destroys an object and frees memory
A Destructor called if appropriate
A Operator delete called to free memory
0 Must be used in corresponding pairs
e Arrays and pointer arithmetic
0 Arrays in C++ point to the first element
0 Magic pointer arithmetic ¢ knows the size of things pointed at by a pointer, so ++ptr points to next obj
o /IyQli 068 dzaSR 2y @QgkioRn LRAYUiSNE aiAyO0S airl § Aa
e New[]/ Deletel[]
0 New[]allocatesanarray,built-Ay (@& 1LJS& R2y Q4 3ISG AyAuAlfAaSR
0 Delete[] frees the array
o /IyQl RSEtSGS LINIL 2F Fy | NNI @
0 Cannot mix array and non-array new/free
o/ IyQl NBIff20
e  Explicit constructors
0 Single argument constructors used for type conversion
0 Compiler can infer one step of conversion
0 Can occur whenever the copy constructor is used
A Function arguments by value
A Initialising variables
A Function returning values
0 .SKFE@A2dzNJ OFYy 06S WidaNYySR 2FFQ ¢6KSy RSTAyAy3a O
A explicit vector(size_type __n);
e Simple RAIl idiom
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0 No matter how one leaves a scope, automatic variables are destroyed
e Exception safety
0 Basic guarantee
A Failed operations may alter program state, but no leaks occur and affected objects/modules are

still destructible and usable, in a consistent (but not necessarily predictable) state
0 Strong guarantee

Transactional commit/rollback semantics

Failed operations guarantee program state is unchanged wrt the objects operated upon.
No side effects that affect the objects

No side effects on related objects like iterators

0 Nothrow guarantee

> > > >

A Failed operations will not happen
A Will not throw an exception
0 Need to write exception safe code because exceptions happen
A Use RAIl
A 52 (KS 62N)] WwWi2 GKS &aARSQ GKSYy agl L) dzaiay3
A t NBTShds/PAzy Ol A2y 2yS NBaLRyaroArtraideQ
0 Always worthwhile to write code that meets one of the guarantees

0 A function should always support the strictest guarantee it can support without penalising users who
R2y Qi ySSR AlGo®

Dynamic Memory
e Sizes of structures may not be known at compile-time
e Automatic variables go on the stack

e Dynamic memory allocations go on the free store

Initialisation
e Variables of build-in types are not initialised in a function context
e Global and static variables are initialised

e To ensure variables are initialised, explicitly call the constructor for Class object(Class())

Template Initialisation

e Template ¢ makes tailored code for any given types

e Template specialisation ¢ overrides the implementation for a specific type or types
0 First, the unspecialised version needs to be available
0 Then, as well as template <class T> A {}, have a template<> A<int> {}

e Partial specialisation
0 When only some of the types are removed from the template argument list
0 Removes arguments starting from the rightmost

e Template arguments are usually types, but can also be constants e.g. Buffer<8192>

e Templates have effect at compile-time
0 Traits work at compile-time, so they incur no run-time overhead
0 Trade-off between space and time
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Inheritance
e Syntax
0 class derived : public/protected/private Base { ... }
e Construction
0 Construct object from inside out
0 Baseclass A Intermediate classes A Members A Constructor body
e Pointers and references
0 Base pointers may point to derived classes
0 Base references may refer to derived classes
e Public inheritance
0 Everyone knows about the inheritance, and can cast to a base class
0 Should only be used when there is a strict is-a relationship
e Private/protected inheritance
0 Protected when only derived classes can see the inheritance and cast to base
O Private inheritance ¢ no one can see the inheritance
0 Used for private implementation details
O Restricts access on members of the base class
0 Canrestore access with a using declaration:
public: using Base::m;
e  Friendship
0 Friendship is not inherited
0 Friends of the base have no special access to the derived classes
e (Casting
0 Casting to a base needs no run-time check
0 Can be determined at compile time
0 dynamic_cast<Derived *>(Base *) NEGdzZNya F LIRAYGSNI 2N ydzZf £ AT

Polymorphism
e Dynamic dispatch
0 The call must be through a reference or a pointer; not the actual object itself
0 Method must be marked WirtualCXor dynamic binding
0 Once a method is marked as virtual, it remains virtual in derived classes
e Virtual destructors
0 Aclass designed for subclassing should have virtual destructor
0 Ensures cleanup happens correctly
0 STL containers do not have virtual destructors
e Constructors
0 5dzNAyYy3 O2yaidNHOUGA2Y T LR{EY2NLIKAAY 62y Qi 62 NJ
Calls to virtual functions will only call the base version, not the derived
Because when it is called, the object is only a base, the derived constructor is not yet called
Also true for destructors
W+ ANLidzZ £ Q O2yadNHzZOG2NI ARAZ2Y
A Define a virtual construct to be overridden in derived classes

(0}
0}
(0}
(0}

A Returns a new subclass object
A InBase: virtual Base *construct() { ... }
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A In Derived: virtual Derived *construct() { ... }
A Then template<class T> void func(T& obj) { T *p=0bj.construct(); ... }
e Pure virtual functions
0 ! 040N OG TFdzy Ol A 2 ¥ &otaRoB (ck ah Sesenntedt) | RRAY 3 arl né
0 Virtual void f(int) = 0;
0 No function body is supplied
0 An abstract class has one or more pure virtual functions
O An abstract class can still have constructors

Slicing
o C++ object model has side effect
e Assignment to a base type (Base b = d;) throws away non-base portions of derived class
e Beware when: doing assignments, argument lists, return values, throwing exceptions and containers
o References and pointers are not subject to slicing

Substitutability

e Liskov substitution principle
0 Let g(x) be a property provable about objects x of type T. Then qg(y) should be true for objects y of type S
where S is a subtype of T
e  Substitutability
0 Foraroutine, let: {P}A{Q}
0 To replace it with a new routine, guaranteeing no ill-effects, {P} {Prew} B {Qnew} {Q}
0 Pre-conditions cannot get stronger
A New routine must be usable under all same circumstances as the old
A Cannot place new restrictions on use
A May be weaker and accept more conditions, but it will never be asked to
0 Post-conditions cannot get weaker
A New routine must be usable under all same circumstances as the old
A May not produce new results to surprise the client
A May be stronger and produce fewer results
0 The replacement must do everything the original could do under the same circumstances

e Substitutability Inheritance

e Inheritance K Substitutability
0 Public inheritance implies substitutability
e (Class contract
0 Subclasses inherit the contract of base classes, and must meet it
e (Class invariants
0 Statement or condition for the object to be in a legal state
0 Must be true before and after the execution of all exported routines
e Instance variables
0 Allowing modification of instance variables may violate the invariant
0 So generally, only allow write-access only through modifier methods
0 Allowing read-only access cannot violate the invariant
e C(Class design as type design
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Designing a class is designing a type

Subclassing is subtyping

Everything that is true for a base class must be true for the derived class
To maintain strict is-a relationship requires thought

O O O ©0 ©O

When testing
A Test base as a base
A Test derived as a derived
A Test derived as a base (use base test suite)
e Alternatives to virtual functions
0 Inheritance may be a lazy way of including code
0 Template method ¢ have a non-virtual interface call a private virtual function
0 Strategy ¢ embed and delegate calls to another object
0 Helps avoid LSP problems, reduces substitutability errors
0 Non-member functions lack access to non-public members, so working around this has overheads

Iterator Adaptors
e |terator paradigm ¢ makes operations look like iterator operations so it can be used with algorithms
e Reverse iterators
0 Redefine increment and decrement
0 Makes iterators operate in reverse
O Bidirectional iterators can be adapted
A Logical position is altered
A wWSOSNES AGSNIG2NI Aa WwW2yS 60ST2NBQ GKS y2NXYI
0 base() method converts to a normal one
e |nsertion iterators
0 Used to grow a container without needing to reserve space beforehand

0 ++and -- are no-ops

O back insert_iterator  created by back_inserter(con) calls  push_back(v)
0 front_insert_iterator created by front_inserter(con) calls  push_front(v)
O insert_iterator created by inserter(con, pos) calls  insert(pos, v)
0 Usage: copy(v.begin(), v.end(), back_inserter(l));

e Stream iterators
0 Allows streams to be used with algorithms
0 istream_iterator<int> in(cin), eoi;
copy(in, eoi, back_inserter(v));
o 2A0NBFYPAGSNI G2WHHITNAYIP 2dzi602dzi = &
copy(v.begin(), v.end(), out);

Functors
e Instances of a class with an operator() method
e Function objects should not carry any state
e transform(c.begin(), c.end(), c.begin(), functor&)
e Predefined functors: negate, plus, minus, multiplies, divides, modulus, (not_)equal_to, less(_equal),
greater(_equal), logical_(and/or/not)
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e Bind functions ¢ A shortcut to create binder objects

Functor Adaptors
e bind1st(functor, 1stArg) ¢ binds to first argument
e bind2nd(functor, 2ndArg) ¢ binds to second argument
e notl(functor) ¢ negation for 1-parameter functor
e not2(functor) ¢ negation for 2-parameter functor

Algorithms
e Use iterators to manipulate data
e Non-modifying algorithms
0 52y Qi OKI y3aS mRobeRes AdmenhdJusdslinpudasd fadwhrd iterators
e Modifying algorithms
0 Either change elements directly or when copied onto another subrange
o /FyQil dzaS | da20Al GABS O2yil AySN&
e Removing algorithms
0 Special case of modifying algorithms
0 52Say Qi OKbfglehbntsy B2¥ 88NN G aKNAY] O2yidl Ay SND
0 Removes elements from a range or during a copy operation
e Mutating algorithms
0 Changes the order of elements, but not their value
o /FyQil dzaS | aaz20Al GABS O2y il Ay SNE&
e Sorting algorithms
0 Special case of mutating algorithms
O Require random access iterators
e Sorted range algorithms
0 Operates on ranges that are already sorted
0 Assumes that they have better complexity
e Numeric algorithms
0 Combines numeric elements in different ways

Templates vs Polymorphism

e Templates
0 No need for hierarchy ¢ it may be impossible
0 Only a subset of the functionality needed in common
0o G5dz01 dickskdioyilydnéed to have the same interfaces

e Polymorphism
O Has a type hierarchy
0 Polymorphic dispatch at runtime
0 Obvious substitutability going on

e Templates vs Polymorphism
0 Analgorithm implemented over a variety of classes ¢ use templates
0 Operations/objects fit into a class hierarchy ¢ use inheritance/polymorphism
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0 Performance critical or no hierarchy ¢ use templates (faster but uses more space)
e Designing templates

0 Write a specific version first, then convert it to a template
e Templates as a policy

0 The idea behind trait classes

0 Bundles up policy information in a template type

0 Retrieves information {member types, member operations} from the template

0 Specialise the template as necessary

Traits class
e Numeric limits
0 numeric_limits::is_specialised = false; default case, defined as true for custom specialisations
0 Specialised ¢ has other members: min(), max(), int digits
e Limits traits
0 Used to find out about types
0 Platform dependent, evaluated at compile time (with templates)
0 E.g. numeric_limits<double>::epsilon();
e Character traits
0 Used to find out about character types
0 String type use type definitions for underlying storage and to determine character behaviour
A string type is a typedef of basic_string<char>
A wstring type is a typedef of basic_string<wchar>
basic_string takes a traits argument, so we can define custom behaviour
Defines fundamental properties of the character type
Defines operations necessary for manipulation and comparison of characters
Used in string classes and character streams

© O 0O oo

New behaviour can be defined:
A To use different (wider) character sets

A Different collaton¢cRA F ONRGAOIf YIN] & OFasS aSyaAridrgdai

e Forward references
0 The are incomplete ¢ no size or members are known
o /IyQl 06S dzaSR G2 RSTAYS | ySg 202S0i
o . dzi Fdz f RSTAYAGAZ2YaAa | NByQi gl
A Using pointers / references

A Declaring (but not defining) functions

0 Can be used as an argument or return type in a function delaration
0 For typedefs of template classes:

A class sting; use #include <stringfwd>

A class ostream; use #tinclude <iosfwd>

e Template metaprogramming
0 Function to calculate factorial:
O Base case:
template<> struct G<0> { enum {value=11}; };
O Recursive case:
template<int n> struct G { enum { value = n * G<n ¢ 1>::value }; };
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Smart Pointers
e Pointer problems
o {AYLX S LRAYGSNRE R2y Qi KI @S @l tdzS aSylyiaaoa
0 Copy and assignment have bad side-effects
0 Can copy/assign integers feely, but not pointers (A resource leak)
0 Problem: no notion of ownership
A Loss of resources
A Double freeing of resources (even worse)
0 Want something close to raw pointers without being exactly a raw pointer
A Pointer-like behaviour: operator*, operator->
0 Tracking ownership
A ExplicitconstructorR2Yy Qi ¢l yid G2 G101 1S 26ySNBKALI 60& |
A Operator=
0 Unnamed temporaries can still lead to leaks
A Bad: f(shared_ptr<int>(new int(2)), g());
e auto_ptr
0 Single owner
0 Ownership follows assignment/copy:
When using =
Passing value arguments
Returning values from a function

> > > >

Copy construction
e boost::scoped ptr
o {Ay3ftS 26ySN) odzi R2SayQi Fft2g GNIYaTFTSNI 2F 26
0 Allows RAIll semantics in single scope where ownership transfer is not needed
0 Advantage
A Allows RAII
A Restricts transfer of ownership
0 Disadvantage
A Cannot be stored in containers
A Restricts transfer of ownership
e boost::shared_ptr
0 Assignable, and copy assignable
Can be used in STL containers
Has comparison operator
Can be used in associative containers
Caveats

o0 0O oo

A Simple reference counting ¢ cycles will not be collected (circularly pointing A still be leaked)
A Cannot hold array pointer given by new[] ¢ used shared_array instead

0 Extra memory needed to keep reference count (not the same size as normal pointer)

0 Advantage ¢ underlying type does not need to be changed

0 Disadvantages ¢ Pointers may not be the expected size, extra state is kept apart from the object

e weak ptr

0 Non-owning observers to an object already managed by a shared_ptr

0 Can be converted to a shared_ptr using shared_ptr constructor or lock()

0 After the underlying shared_ptr goes away, using shared_ptr constructor will throw bad_weak_ptr
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0 weak_ptr can be stored in a container
Koenig Lookup
e Aproblem
o AGRYYO2dzi ff G@BKSNB Aad 2LISNIG2N¥f RSTAYSRKET
0 Itis overloaded for << in the std namespace!
0 Howis2 LISN} 02N¥ f 040 RYYO2dzis GoKSNBE A& 2LISNI 02NF+F
e Koenig lookup (argument dependent lookup / argument dependent name lookup)
0 Lookup of an unqualified function name depending on the types of the argument
0 Other namespaces not normally searched may be searched to find a function
0 The canonical example
A NS:Aa;
A f(a);
o0 C2RS T2NJ 2LISNI {i2NFfoaGRYYO2dziX aPdPEOT A& 0SA
0 This means not only the methods of a class are considered part of a class interface
0 Functions found by Koenig lookup are considered part of the class interface
0 Used with overloads like <<, or STL mechanisms like swap()
0 Disadvantages
A Namespaces less useful for isolation
A Can bring in unexpected things
A Sometimes fully qualified names are needed
0 Keep unrelated types/functions in separate namespacesdzy’' f Sda G KS@ QNB RSaAdays
0 Koenig lookup can mean the wrong things get used
e boost::intrusive_ptr
0 Reference count placed inside object
0 Requires modification of the class to know that it is being used with a smart pointer (i.e. intrusive)
0 Requires a set of routines to manage the reference count in the namespace of the defined type
0 Advantage
A Intrusive pointers are the same size as normal pointers
A Can work with existing objects and reference counts
A Anintrusive_ptr<T> can be constructed from a T*
0 Disadvatage ¢ the underlying class cannot be used as is
0 Usingintrusive_ptr

A 2 routines are called unqualified with the pointer in question (modifies ref count / frees):
e intrusive_ptr_add_ref(T*)
e intrusive_ptr_release(T*)
A These should be defined in the same namespace as the underlying type so they get found by
Koenig lookup

o A user defined smart pointer

(0}

(0}
(0}
(0}

A non-null intrusive pointer type

Implementation based on intrusive pointer ¢ not using inheritance
Checks to ensure the value can never be null

Removed all other checks for NULL pointers throughout the program
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Better C++

e 6 ways to write more comprehensible code
0 Comment like a smart person
A Use English ¢ punctuated and spelt correctly
A Should not state the obvious
A Ablock of code needing comment might be a function in its own right
o 52y Qi dz&tS | RSTFAY
A Use symbolic names rather than magic numbers
A Use const or enums
A 52yQiG dzaAS | RSTFAYS F2N O2yadlyida
0 Sensible variable names
A Preserver readability
A Choose name long enough to distinguish use
A Single letter variables only useful in loops
0 Error checking
A Prefer test-driven development
Work out what a function should do before writing it
Write tests that encapsulate that specification
Program so the tests pass
When a problem is found, write tests first to expose the problem, then write new code
Error checking may be necessary in critical code
52y Q0 oNRGS dzyySOSaalNe (Saia
o Wt NBYlI (dzNB 2LJiAYA&alGAZ2Y A& GKS NR2G 2F | ff

> > > > > > >

A Write clear, simple, elegant code.
A Then profile and optimise if necessary
o 52y Qi 68 (22 Of SOGSNJ

A 52yQi dasS FlyoOe O2yadNdzOia 0S80l das &2dz Oy

e C++is a collection of languages
o C
0 Object-oriented
0 Template-oriented
0 TheSTL
e Prefer const class members
0 Value will be at point of definitions rather than declaration for older compilers or non-integral values
0 Use enum when value must be used in class declaration
e Templates and inline are preferable to macros
e Use const whenever possible
o OKIFNJ INBSliAy3Iw8 I' al Stt2eT

char *p = greeting; Non-const ptr Non-const data
const char *p = greeting; Non-const ptr Const data
char * const p = greeting; Const ptr Non-const data
const char * const p = greeting; Const ptr Const data

lfconstistod KS € STl 2F (GKS FX GKSYy ¢6KIGQa LRAYGSR
If const is to the right of the *, then the pointer itself is constant
Read backwards ¢ pointer to character constant, or constant pointer to character
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e Const member functions
0 Member functions should be const where possible
0 Write non-const functions in terms of const functions where there is duplication and cast away the
constness if necessary
e LYAUGALFIfAAS 20 2S Odlppintoffirdt dsdlifposdibkk S& QNS  dzd SR
e Declare destructors virtual in (polymorphic) base classes
e Never let a destructor throw an exception
e Never call virtual methods during construction/destruction ¢ child methods will never be called
e Copy operator=
0 Have operator= return reference to *this
0 Handle assignment to self in operator=
0 Copy all parts of an object
e Know what functions C++ silently writes and calls
0 Default default constructor
0 Default copy constructor
0 Default destructor
0 Default copy operator
e To disallow use of unwanted compiler-generated functions
0 Hide the constructor for singletons ¢ make it protected or private
0 Provide a static method to get the single instance
0 Can hide constructors, copy/assignment operators, delete
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