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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”
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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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