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Introduction

e [his talk:

— |S not a prescriptive treatise on class/function
Interface design

— Aims to be an (interesting) discussion of the factors
ot et dacion I i




Topics

o Design by contract
- Exception safety
o \/alue based programming
o [emplates
- o |nterface classes




Design by Contract

o Contents
— Contract anatomy
— Pre and Post conditions
— Contract Specification; in C++
— |dioms

Const




Contract Anatomy

e Elements of contracts can be broken down as
follows:

— Static - applicable at compile time
— Dynamic - applicable at run time
e [he C++ standard library contains examples of

contractual requirements with both static and
dynamic aspects




Pre and Post Conditions

Pre condition: Post condition:
‘he state in which a ‘he state the call promise
function call expects to find to leave the program in
the program following its return

tenpl ate <typenane type> class array

{
publ i c:

si ze_type size() const; :
type const& at(size_ type index) const; Pre: si ze() >0

type const& front() const Pre:
{ return at(0); } size() >0;

size_prior =si ze()
Post:

size() == (size_prior — 1)

voi d pop front();




Contract Specification in C++

o Complete contracts can rarely be expressed
using only C++ language features

e Therefore, other means of expression must be
relied upon

— External documentation
— |dioms




Apn Example Idiom —\Whole Value

enumtag type { hour tag, mnute tag, second tag };

tenplate <
typenane nuneric_type, nuneric_type first, nuneric_type |last, tag type tag>
cl ass nuneric_range

L

publ i c:
explicit nuneric_range(nuneric_type n);
/1l

3

t ypedef nuneric_range<unsigned int, 0, 23, hour _tag> hour ;
t ypedef nuneric_range<unsigned int, 0, 59, mnute_tag> m nute;
t ypedef nuneric_range<unsigned int, 0, 59, second_tag> second;

class tinme_of day

L
publ i c:

ti me_of day(hour in_hour, mnute in_mnute, second in_second);
/1

3
Compiler checks correct type use

void f()
{ V
time_of day now hour(14), mnute(12), second(45));

Il ..
}




Const

o Const-gualified reference/pointer parameters
promise that arguments” state will not change

— o an extent, the compiler can see that promises are
kept

— But the possinility of casting away const Implies

e need for trust

- Clients can only use const effectively with t

support of the interfaces they make calls to

(@>




const & API Design

void tinme_now(tine& r); time tine_now);

voi d () void f()
{ {

time t; const tinet =tinme_now);
time_now(t);

'he opportunity for client code to store the result as a const object Is...

..denied by a functionthat — ...afforded by a function that
passes it back via a passes it back as a return
| fererence arauimer Y, =

UG\
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ogical vs. Physical cons

cl ass data structure

L
publ i c:

t ypedef size t size type;

const qualified member
functions offer the promise
that following a call to them,
the user will perceive no
change in the state of the

size type size() const —objects.

{

I f (!size valid)

{

its _size = cal cul ate_size();
size valid = true;

}

return its_size;

}

private:
mut abl e size type its_size;
nmut abl e bool size valid;

Ssize type cal cul ate_size() const;

b

Attribute values visible to the
client remain constant, but
their representation values
may change.

The si ze() member function
may be viewed as logically -
as opposed to physically —
const qualified.




Exception Safety.

o Contents
— Exceptions
— A sample problem and solution
— Adapting to concurrency
— EXxception safety guarantees

The role of the nothrow guarantee
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Exceptions

e EXceptions are woven into.the infrastructure of

C++

— E.g. the new operator can't allocate memorny It
throws st d: : bad_al | oc

o Compare with other modern C++ features such

as templates

— Which canbe used or just left in the “toolbox”

13




A Sample Problem and Solution

tenpl ate <typenane T> cl ass stack

publ i c:

T pop(); voi d f(stack<ny type>& s)
my_type nt;

s pop() ;

This interface design
leaves the programmer with
a problem and no
solution...

If an exception is thrown
during the assignment, the
element on the top of the
stack will be lost forever!

publ i c: voi d f(

A solution is to

stack<ny_type>& s) | ensure that if an

const T& top() const;
Yf)!d pop() ; .

s.top();

s. pop();

exception is thrown,
the pop() function is
never called...

Therefore, separate
the query and pop
operations.
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Adapting to Multi-Threading

tenplate <
t ypenane type,
t ypenane | ocker
>

cl ass thread safe stack
{
publ i c:
pop(type& val ue)
{
| ocker | ock;
value = st.top();

st. pop();
}

private:
st d: : st ack<type> st ;

¥

Returning the value and
popping it from the top of
the stack must be done
while other threads are
locked out...

This requires both
operations to be combined
into one single function

Note that the result
can not be returned
by value
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Exception Safety Guarantees

e The basic guarantee

— |fian operation throws an exception, No resources

will leak as a result
e [he strong guarantee

— Additionally, the program’s state remains unchanged

"he nothrow-guarantee

— An operation o

uarantees never 1o

ropag

exception under any circumstances

ate an
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The Role of the Nothrow Guarantee

Exam p le Problem: Inserting eIem.ents into a vector, honouring the

ng.exception sarety guaraniee

tenpl ate <typenane type> void f_unsafe(std::vector<type>& v)

{
1. ..

v.insert(v.end(), first, last); If an exception is thrown
duringinsert(),vis
left in an indeterminate
State.

...
}

W(T[io n: Create a working copy, insert the new elements into it, then
swap the working copy with the original.

tenpl ate <typenane type> void f_safe(std::vector<type>& v)

{

std::vector<type> v_tenp(Vv);

v_tenp.insert(v.end(), first, last); |vector’s swap() member is carries
a nothrow guarantee — therefore,

v.swap(v_tenp);

having constructed the new state, it
1. .. can be safely swapped into the

} original.
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Templates

o Contents
— (Generic programming
— A simple string class template...
— Tiraits
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Generic Programming

o A highly flexible mechanism for expressing the
compile-time commonality and variability needea
for Generic Programming

— Well'lllustrated by the STL, where types, data
structures, operations and control flow are

Independently interchangeable
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A Simple String Cass

t enpl at e<t ypenanme char T>~The character type

class rudinentary_string char T can be any type -
{ subject to the provision

publ i c: of certain operations.
typedef charT char_type; For example, it may need
typedef size t size type; to be copyable.

Size type size() const;

voi d copy(
rudi mentary_string<char type> consté& s)

{

[l resize buffer to fit, then...
std: : copy(

}

private:
char _type *buffer;

b

Using st d: : copy() is
convenient but leaves
problems to be solved -
for example, if a

s.buffer, s.buffer+size(), buffer); €= articular platforms

provides a high
performance byte
copying function, how
are we to use it? ...




Traits

tenpl ate <typenane charT> struct char _traits Delegating the copy

{ typedef charT char_type; operation to.a
yp — YPE, separate class

typedef size_t size_type, m _

static char_type* copy(char _type* destination, possible to provide

char _type const* source, size_ type n_to_copy) an explicit

{ | specialisation for
char _type const* begin = source, h
char _type const* end source + n_to_copy; CliciE

return std::copy(begin, end, destination);

tenpl ate <> struct char _traits<char>

{

static char_type* copy(

char _type *dest, char_type const *source, size type n_to_copy)

{

voi d* result = std::nmemove(dest, source, n_to_copy);

return static_cast<char_type*>(result);
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Traits At \Work

t enpl at e<t ypenane char T, Users can select the

typenane traitsT=char _traits<charT> > desired traits, while

class rudimentary_string the use of default

{ template arguments

public: means they don’t
typedef traitsT traits; have to

size type size() const;

voi d copy(
const rudi nentary_string<char type>& s)

The copy() member

{ _ _ functions now
[l resize buffer to fit, then... delegates to the

traits::copy(buffer, s.buffer, s.size()); traits’ copy()

} function —this is
transparent to the
user

private:

)
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Value Based Programming

o Contents
— Value hased types
— C++ value type interfaces
— Swap semantics
— Whole values

Quantities
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Value Based Types

o Characterised by ...

— Dominant informational content (state) ana
transparent identity

e [ake the form of concrete classes in C++,
therefore...
— They do not Inhernit publicly from other types
— 1recttopysemantlcsmakesense

24




C++ Value Type Interfaces

e General characteristics related (dominant state
and transparent identity)

— Accessors, mutatoers and Constructors (for
conversion, and for initialising state)

o C++ |anguage representation relatea
— Copy.constructor, Copy.assignment

25




Swap Semantics

o Necessary to support.common:idioms Which
Support the strong exception safety guarantee

— Therefore, the swap function must canry a nothrow.
guarantee

o May be provided either ...
— As a member function
— As a freestanding function
— By relying on std::swap()

26




\Whole Values

cl ass minutes e In C++ classes should
{ be used to implement

public: S first class data
explicit mnutes(int initial);

abstractions

}: o — The compiler is
empowered to do

cl ass transaction stronger type

éubl . checking
voi d timeout (const m nutes& duration); — The code
o communicates
b application
domain

void f(transaction* current)

—vocabulary

{

current->tinmeout (i nutes(10));

27




Quantities

e E.0. minutes, voltages, kilograms

— Quantities account for much/most of the values.in
programmes

o They have their own additional specific
characteristics, e.d...
— They have units
— A value of zero/empty makes sense

28




class tine_interval

{

publ i c:
struct from seconds {};
struct frommnutes {};

time_interval (

I nt val ue, const fromsec&);

time_interval (

I nt value, const fromm n&);

};...

std::ostrean& operat or <<(
std::ostream& o0s,
const tinme_interval & val ue);

Quantity Abstraction Pitfall

Not only does
Initialisation require a
very artificial looking
interface design, but

I The need to please

everyone threatens to
bloat the interface
out of control...

I

nd what exactly is
inserted into the
stream!?
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Abstract Quantities.as Units

cl ass m nut es

{

publi c:

explicit m nutes(int

mi nut es() ; straightforward —

either by default or
from a single value

initial) ;} I Initialisation is now

};...

std:: ostream& oper at or <<(
std: : ostrean& os, 4 Operator overloads
come naturally, and

const m nutes& val ue); Tty s s

automatically clear

30




Initialisation & Conversion

cl ass m nut es

{

publ i c:
t ypedef int val ue type; Default initialisation value of
B zero is a feature of quantity
types

m nut es() ;

sl | ol I Conversion must be explicit to
P o N | convey meaning
m nut es(val ue_type initial _val ue);
I Conversion back to
val ue _type val ue() const;

underlying type must
- possible and must be invoked
} deliberately

Note: the provision of val ue() is necessary for the range of supported operations
to be extensible — e.qg. for the provision of conversion functions
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Interface Classes

o Contents
— |nterface class
— Implementation only class
— Mixins
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Interface Class

cl ass shape

Lo
publ i c:

vi rt ual

vi rt ual
vi rt ual
vi rt ual

I, ..
private:

¥

~shape() ;

voi d nove Xx(xi nterval x)
voi d nove y(yinterval vy)
void rotate(radi ans r)

shape& oper at or=(const shape&);

— Theinterface class_defines_a protocol-forusage—all

functions are pure virtual and not implemented (except

or the destructor which-will-have-an-empty
Implementation).

33




cl ass group

éubl | C: | MUIJQQJECt

virtual unsigned int numin_group() const = O;
}
The Null Object class null _group : public group

provides an {

implementation public: | | |
that behaves as if virtual unsigned int num.in_group() const

the object is absent { return 0; }

cl ass draw ng

{
publ i c:
drawi ng() : sel ected(zero_sel ected),

cee . Client code no longer
unsi gned i nt num sel ected() const needs to be concerned

{ _ with checking for
return sel ected->num.in_group(); nullness — calls to the

} null object do the right
private: thin
g
gr oup* sel ect ed;
static null _group* zero_sel ected,;

};




cl ass repository

{
publ i c:

virtual void save(const shape* s) = 0;

b

cl ass counting_repository :
public repository
{
publ i c:
counting repository() : count(0) {}
virtual void save(const shape* s)
{ ++count; }
unsi gned i nt num saved() const
{ return count; }

privat e:
unsi gned i nt count;

Hi

counting repositoryis asimple
example of a mock object

Mock Object

cl ass draw ng

{
publ i c:
voi d save(repository& r) const;

b

void unit_test(const draw ng& d)

{

counting repository counter;
d. save(counter);

assert (counter. num saved()

nthissimpleitlustration.a——
mock implementation of

reposi tory is used to test

that the correct number of
shapes are saved
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Implementation Only Cass

class line : public shape The separation of
{ concerns afforded

publ i c: byv-the interface—— |
| i ne(point end _point_1, point end_point_2); class can be
Tilo e —strengthened by

rivate: , )
i virtual ~line(); making derived

virtual void nove_x(distance x); classes _

virtual void nove_y(distance y); implementation

virtual void rotate(angle rotation); only — constructors
are public,
everything else is
private.

Viaking-the derived class implementation-only allows client code to-create

HS{aﬂ%S,—\Nh1JE£ﬁaH%af€13€fm1{{Edﬂﬂ1y%h{ﬂﬂghﬁﬂiﬂieHfﬁTEfeﬂC%iOthﬂe
Interface class

MnN"voil " Z\wvouv Ui li\uou v
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MIXIins

cl ass storable Sometimes a class

i must support

public: _ _ _ functionality outside
virtual void |oad(istream& in) = O; its mainstream design
virtual void save(ostrean& out) = O;

remit
pr ot ect ed:
~ storabl e(); (Note the protected
privat e: non-virtual destructor
st or abl e& operator=(const storable &); — mixins are not
s deletion types)

cl ass shape : public storable : .
P P Using a mixin interface

|{oubl ic: - class keeps these
virtual ~shape();: extra concerns
— Separate and reduces

/1 No declarations of |oad() or save() —thelevel of intrusion
[/ in this class

b
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ultiply-Inherited Mixin

struct coordinate { unsigned int x,y; };

When

cl ass coordinated functionality
{public: e added by a mixin

virtual coordinate where() const = O; IS not relevant to
L the whole
} hierarchy, the
mixin can not be
the base class

cl ass event class timer :
{public: publ i c event
virtual -~event() = O; {

b ¥ v

In such cases

cl ass nouse click : public event, multiple inheritance
publ i ¢ coordi nat ed <@ ~-qn he ysed to

{ include the mixin
interface

private:
virtual coordinate where() const
{ return c; }

coordi nate c;

b




Do You Support This Interface?

R~ By using dynamic_cast<> to navigate across a
{public: hierarchy, it is possible to ask an object if it

virtual ~event() = O0; Supports a particular mixin interface

cl ass nmouse_click : There is an analogy here

public event, public coordinated with Smalltalk = in which an

object can be sent a
privat e: message, and will either

virtual coordi nate where() const aCJE[’ or(;epl}[/ Sféyéﬂg it does
{ return c; } not unaderstan e

{

coordi nate c; Message
}

voi d process(event* e)

{ const coordinated* c =

dynam c_cast <coor di nat ed*>(e);

I (c)

{

const coordi nate where = c->where();
/[l...

}
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Private Mixin

class notification_client

Lo
publ i c:
virtual void update()

pr ot ect ed:

~notification_client(); —
}: The notifier only needs

access only to the
cl ass notifier behaviour expressed by the
{ notification_client interface

publ i c:
virtual void register_client( , private inheritance
notification_client c) =0; renders this

interface (normally)
inaccessible

cl ass ny_w ndow : public w ndow, private“notification_client

.
publ i c:

void register for _notifications(notifier& n)
{ n.register client(this);

Within a member function the

conversion is accessible

40




Private Operation Interface

tenpl at e <typenane persistent>
cl ass persistent _ptr
{
dat abase quer y<persi stent> >* query;
persi stent* obj ect; There is no support
publ i c: provided by C++ for
persi stent* operator->() const package level access
{ if (!object)
obj ect = query->execute():
return object;

A degree of
specific

: access can be

tenpl at e <typenane persistent> TS A

cl ass dat abase query : DY

{ using private
friend class persistent ptr<persistent>; class

virtual persistent* execute() const = O; members in
conjunction

} - with friend
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Summary.

o C++ offers a rich toolset supporting several

approaches to design/programming

— E.g. Value based, object oriented and generic
programming are all supported

o With the richness of the toolset comes a wide

iange of choices

— This |

a,

aces responsi

Ol

- . |

exity

firmly with'the designer
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