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= Laziness

= Basic building blocks

= Let/Lamba/Case expressions
= Error handling



template <int N> struct fact

Efact n

I
-




template <int N> struct fact
{ enum { value = N * fact<N-1>::value }; };

Efact n =n * fact (n — 1)}




template <int N> struct fact
{ enum { value = N * fact<N-1>::value }; };

template <> struct fact<0> { enum { value =1 }; };

fact 0

fact n
1

n * fact (n — 1)}
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template <class A, class B>
struct foo : bar<A, B, A> {};



Template metafunction

// This is a template metafunction
template <class A, class B>
struct foo : bar<A, B, A> {};



Template metafunction

// This is a template metafunction
template <class A, class B>
struct foo : bar<A, B, A> {};

MPLLIBS METAFUNCTION(foo, (A)(B))

((
bar<A, B, A>
));
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In file included from /usr/include/boost/mpl/aux_/include preprocessed.hpp:37:0,

from /usr/include/boost/mpl/aux_/arithmetic op.hpp:34,

from /usr/include/boost/mpl/times.hpp:19,

from main.cpp:1:
/usr/include/boost/mpl/aux_/preprocessed/gcc/times.hpp: In instantiation of 'str
uct boost::mpl::times tag<boost::mpl::if <mpl ::bool <true>, mpl ::int <2>, mpl_
piint <7> > >':
/usr/include/boost/mpl/aux_/preprocessed/gcc/times.hpp:109:8: required from 's
truct boost::mpl::times<mpl ::int <1>, boost::mpl::if <mpl ::bool <true>, mpl ::
int <2>, mpl ::int <7> > >'
main.cpp:13:2: required from here
/usr/include/boost/mpl/aux_/preprocessed/gcc/times.hpp:60:29: error: no type nam
ed 'tag' in 'struct boost::mpl::if <mpl ::bool <true>, mpl ::int <2>, mpl ::int_
<7> >'
main.cpp:6:1: error: 'type' in 'struct boost::mpl::times<mpl ::int <1>, boost::m
pl::if <mpl ::bool <true>, mpl ::int <2>, mpl ::int <7> > >' does not name a type
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from main.cpp:1:
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uct boost::mpl::times tag<boost::mpl::if <mpl ::bool <true>, mpl ::int <2>, mpl_
piint <7> > >':
/usr/include/boost/mpl/aux_/preprocessed/gcc/times.hpp:109:8: required from 's
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In file included from /usr/include/boost/mpl/aux_/include preprocessed.hpp:37:0,

from /usr/include/boost/mpl/aux_/arithmetic op.hpp:34,

from /usr/include/boost/mpl/times.hpp:19,

from main.cpp:1:
/usr/include/boost/mpl/aux_/preprocessed/gcc/times.hpp: In instantiation of 'str
uct boost::mpl::times tag<boost::mpl::if <mpl ::bool <true>, mpl ::int <2>, mpl_
piint <7> > >':
/usr/include/boost/mpl/aux_/preprocessed/gcc/times.hpp:109:8: required from 's
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int <2>, mpl ::int <7> > >'
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Times

= Assumption: every class used as a value in a
template metaprogram is a template
metaprogramming value

/iemplate <class T>\\
struct box {
typedef box type;

o Y
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template <class N>
struct fact impl;

MPLLIBS METAFUNCTION(fact, (N))
((
mpl::eval if<
typename mpl::equal to<mpl::int <0>, typename N::type>::type,
mpl::int <1>,
fact impl<N>
>

));

MPLLIBS METAFUNCTION(fact impl, (N))
((
mpl::times<
typename fact<mpl::minus<typename N::type, mpl::int <1>>>::type,
typename N::type
>

));
-
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The price of laziness
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mpl::plus<mpl::int <11>, mpl::int <2>>::type

mpl::int <13>
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syntax<mpl::plus<mpl::int <11>, mpl::int <2>>>
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syntax<mpl: :plus<mpl: :int‘:<11>, mpl::int_<2>>>::type>




Syntaxes

eval syntax<
syntax<mpl::plus<mpl::int <11>, mpl::int <2>>>
>
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eval syntax<
syntax<mpl::plus<mpl::int <11>, mpl::int <2>>>

>::t)p€\

»mpl::int <13>



Syntaxes

struct a ;

syntax<mpl::plus<mpl::int <11>, var<a >>>



Syntaxes

struct a ;
typedef var<a > a;

syntax<mpl::plus<mpl::int <11>, a >>



Syntaxes

struct a ;
typedef var<a > a;
// b, ¢, d, .., z

syntax<mpl::plus<mpl::int <11>, a >>



Syntaxes

struct a ;
typedef var<a > a;
// b, ¢, d, .., z

eval syntax<
syntax<mpl::plus<mpl::int <11>, a >>
>::type



Syntaxes

struct a ;
typedef var<a > a;
// b, ¢, d, .., z

eval syntax<
syntax<mpl::plus<mpl::int <11>, a >>
>::type

.

mpl::plus<mpl::int <11>, a>




Syntaxes

struct a ;
typedef var<a > a;
// b, ¢, d, .., z
let<
a, syntax<mpl::int <2>>,
syntax<mpl::plus<mpl::int <11>, a >>

>
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struct a ;
typedef var<a > a;
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let<
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'
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struct a ;
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typedef lambda<a, b, syntax<mpl::plus<a, b>>> add;
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typedef lambda c<a, b, mpl::plus<a, b> > add;

[1ambda_c< b, mpl::plus<mpl::int <1>, b> >]

{add::app1y<mp1::int_<11>, mpl::int_<2>>::type}#b{mpl::int_<13>}

typedef add::apply<mpl::int <1>>::type inc;

Einc::apply<mp1::int_<12>>::typeJ b{mpl::int_<13>}




typedef lambda c<a, b, mpl::plus<a, b> > add;

[1ambda_c< b, mpl::plus<mpl::int <1>, b> >]

{add::app1y<mp1::int_<11>, mpl::int_<2>>::type}#b{mpl::int_<13>}

typedef add::apply<mpl::int <1>>::type inc;

Einc::apply<mp1::int_<12>>::typeJ b{mpl::int_<13>}

MPLLIBS METAFUNCTION(my plus, (A)(B)) ((mpl::plus<A, B>));



typedef lambda c<a, b, mpl::plus<a, b> > add;

[1ambda_c< b, mpl::plus<mpl::int <1>, b> >]

{add::app1y<mp1::int_<11>, mpl::int_<2>>::type}#b{mpl::int_<13>}

typedef add::apply<mpl::int <1>>::type inc;

Einc::apply<mp1::int_<12>>::typeJ b{mpl::int_<13>}

MPLLIBS METAFUNCTION(my plus, (A)(B)) ((mpl::plus<A, B>));

my plus<mpl::int <1>>::type



typedef lambda c<a, b, mpl::plus<a, b> > add;

[1ambda_c< b, mpl::plus<mpl::int <1>, b> >]

{add::app1y<mp1::int_<11>, mpl::int_<2>>::type}#b{mpl::int_<13>}

typedef add::apply<mpl::int <1>>::type inc;

Einc::apply<mp1::int_<12>>::typeJ b{mpl::int_<13>}

MPLLIBS METAFUNCTION(my plus, (A)(B)) ((mpl::plus<A, B>));

typedef my plus<mpl::int <1>>::type inc;



Error handling

Empl: :divides<mpl::int <1>, mpl::int <0>>::type J




Error handling

Empl::divides<mpl::int_<1>, mpl::int <0>>::type




Error handling

MPLLIBS METAFUNCTION(safe divides, (A)(B))
((

Esafe_divides<mpl::int_<1>, mpl::int <0>>::type




Error handling

MPLLIBS METAFUNCTION(safe divides, (A)(B))
((
if <
lazy equal to<mpl::int <0>, B>,

Esafe_divides<mpl::int_<1>, mpl::int <0>>::type




Error handling

struct nothing;

MPLLIBS METAFUNCTION(safe divides, (A)(B))
((
if <
lazy equal to<mpl::int <0>, B>,
nothing,

Esafe_divides<mpl::int_<1>, mpl::int <0>>::type




Error handling

struct nothing;
template <class T> struct just;

MPLLIBS METAFUNCTION(safe divides, (A)(B))
((

if <
lazy equal to<mpl::int <0>, B>,
nothing,
just<lazy divides<A, B>>

>

));

Esafe_divides<mpl::int_<1>, mpl::int <0>>::type




Error handling

// Maybe
struct nothing;
template <class T> struct just;

MPLLIBS METAFUNCTION(safe divides, (A)(B))
((

if <
lazy equal to<mpl::int <0>, B>,
nothing,
just<lazy divides<A, B>>

>

));

Esafe_divides<mpl::int_<1>, mpl::int <0>>::type




Error handling

// Maybe
MPLLIBS DATA(maybe, ((nothing, 0))((just, 1)));

MPLLIBS METAFUNCTION(safe divides, (A)(B))
((

if <
lazy equal to<mpl::int <0>, B>,
nothing,
just<lazy divides<A, B>>

>

));

Esafe_divides<mpl::int_<1>, mpl::int <0>>::type




Error handling

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((

safe divides<mpl::int <12>, B>

£f<A, B> - A+ 12 / B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
if <
lazy is same<safe divides<mpl::int <12>, B>, nothing>,

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
if <
lazy is same<safe divides<mpl::int <12>, B>, nothing>,
nothing,

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
if <
lazy is same<safe divides<mpl::int <12>, B>, nothing>,
nothing,
77?7
>

));

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
if <
lazy is same<safe divides<mpl::int <12>, B>, nothing>,
nothing,
77?7
>

));

[ﬁafe_divides<mpl::int_<12>, mpl::int_<2>%}

Lf<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((

if <
lazy is same<safe divides<mpl::int <12>, B>, nothing>,
nothing,
777
>
));
{éafe_divides<mpl::int_<12>, mpl::int <2>> just<mpl::int_<6>>}

Lf<A, B> o A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((

if <
lazy is same<safe divides<mpl::int <12>, B>, nothing>,
nothing,
Pl <6> ¢ — — — — _
>mpl 1nt_6]<- - -
)); RN
N
\
\
]
{éafe_divides<mpl::int_<12>, mpl::int <2>> just<mpl::int_<6>>}

Lf<A, B> o A+12/B}




Error handling

MPLLIBS METAFUNCTION(T, (A)(B))
((
case safe divides<mpl::int <12>, B> of
nothing - nothing
just<x> - mpl::plus<A, x>

[ﬁafe_divides<mpl::int_<12>, mpl::int <2>> just<mpl::int_<6>>]

Lf<A, B> o A+12/B}




Error handling

MPLLIBS METAFUNCTION(T, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<nothing, nothing>,
matches c<just<x>, mpl::plus<A, x>>
>

));

[ﬁafe_divides<mpl::int_<12>, mpl::int <2>> just<mpl::int_<6>>]

Lf<A, B> o A+12/B}




Error handling

MPLLIBS METAFUNCTION(T, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<nothing, nothing>,
matches c<just<x>, mpl::plus<A, x>>
>

));

Lsafe_divides<mpl: :int <12>, mpl: :int_<2>>Hjust<'mpl

p1int <6>>

- aE = =

Lf<A, B> o A+12/B}




Error handling

MPLLIBS METAFUNCTION(T, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<nothing, nothing>,
matches c<just<x>, mpl::plus<A, x>>
>

));

[]
1
1 4 « 1
|
4

3

Lsafe_divides<mpl::int_<12>, mpl::int_<2>>ﬁ+>{just<ﬁp1::int_<6>>ﬁ

Lf<A, B> - A+ 12/ B}




Error handling

“safe divides< | nothing ]
mpl::int <12>,

mpl::int <0>
g /




Error handling

struct division by zero;

‘safe divides< nothing
mpl::int <12>,

mpl::int <0> exception<
- \> division by zero

N > )




Error handling

struct division by zero;

‘safe divides< nothing
mpl::int <12>,

mpl::int <0O> \» exception<
B division by zero

N > )

/éafe_divides< A
mpl::int <12>,
mpl::int <2>

N >

»{ int <6> }




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((

eval case<safe divides<mpl::int <12>, B>

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((

eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(T, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((

eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

MPLLIBS METAFUNCTION(f, (A)(B))
((

safe divides<mpl::int <12>, B>

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((

eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

MPLLIBS METAFUNCTION(f, (A)(B))
((

mpl::plus<A, safe divides<mpl::int <12>, B>>

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

MPLLIBS METAFUNCTION(f, (A)(B))
((

try c<
mpl::plus<A, safe divides<mpl::int <12>, B>>

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

MPLLIBS METAFUNCTION(f, (A)(B))
((

try c<
mpl::plus<A, safe divides<mpl::int <12>, B>>,

catch c<e, >

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

MPLLIBS METAFUNCTION(f, (A)(B))
((

try c<
mpl::plus<A, safe divides<mpl::int <12>, B>>,

catch c<e, boost::is same<e, division by zero>, >

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

MPLLIBS METAFUNCTION(f, (A)(B))
((

try c<
mpl::plus<A, safe divides<mpl::int <12>, B>>,

catch c<e, boost::is same<e, division by zero>, A>

£f<A, B> - A+12/B}




Error handling

MPLLIBS METAFUNCTION(f, (A)(B))
((
eval case<safe divides<mpl::int <12>, B>,
matches c<exception<e>, exception<e>>,
matches c<x, mpl::plus<A, x>>
>

));

MPLLIBS METAFUNCTION(f, (A)(B))
((
try c<
mpl::plus<A, safe divides<mpl::int <12>, B>>,

catch c<e, boost::is same<e, division by zero>, A>,
catch c<e, boost::true , /* .. */>
>

));

£f<A, B> - A+12/B}




= Laziness

= Syntaxes

= Let/Lambda/Case expressions
= Algebraic data-types

= Exceptions



template <class N>
struct fact;

template <class N>
struct fact impl
times<
N,
typename fact<typename minus<N, int <1>>::type>::type
>

{};

template <class N>
struct fact
eval if<
typename equal to<N, int <1>>::type,
int <1>,
fact impl<N>
>

{};



template <class N>
struct fact;

template <class N>

/?EﬁLLIBS_METAFUNCTION(fact, (N)) \\\
((
eval case< N,
matches c<int <0>, int <1>>,
matches c< , times<N, fact<minus<N, 1int <1>>>>
>

));
ETTUCI IdCLl . ///

eval 1f<
typename equal to<N, int <1>>::type,
int <1>,
fact impl<N>

>

{};




Mpllibs.Metamonad

http://abel.web.elte.hu/mpllibs
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