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template MyLi1st(T)

{
class list_t { T car; list_t cdr; }

Tist_t ni1O { return null; }
Tist_t cons( T a, list_t d )

{
Tist_t X = new list_t;
X.car = a;
x.cdr = d;
return Xx:
}
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template MyLi1st(T)

{
class list_t { T car; list_t cdr; }

Tist_t ni1() { return null; }
Tist_t cons( T a, list_t d )
{

Tist_t X = new list_t;

X.car = aj; _ _ _
I —
x.cdr = d; MyList!(int).list_t lIst

_ MyList! (int).cons(123,
1 return x; MyList! (int).cons(456,
! MyList!(int).nil));



fl:ESa—IL->BFLVENA

template MyLi1st(T)

{
class list_t { T car; list_t cdr; }

Tist_t ni1O { return null; }
Tist_t cons( T a, list_t d )

{
Tist_t X = new list_t;
X.car = aj; : : :
_ 4. MyList!(int).list_t Ist =
X'Cdr — d’ Mul ac+l C1An+) rnncf173,
mixin MyList!(int); 456,

1))
1ist_t Ist = COnS(123, C0n5(456, ni1));
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template max(T) {
Tmax( T x, Ty ) {
if( X <y ) return y;
else return Xx;
}
}

int a = max! (int).max(10, 20);
real b = max!(real).max(3.14, 2.72);
string c =

max! (string) .max(“foo”, “bar”);



pllofil : "SHEE, KA

template max(T) {
Tmax( T x, Ty ) {
if( X <y ) return E??é
else return x | ! 1|

}
}

int a = max! (int) .max(10, 20);
real b = max!(real).max(3.14, 2.72);
string c =

max! (string) .max(“foo”, “bar”);
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int a = max! (int) (10, 20);

real b = max!(real)(3.14, 2.72);

string c =

max! (string) (“foo”, “bar”);
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int a = max(10, 20);:
real b = max(3.14, 2.72);:
string ¢ = max(“foo”, “bar”);
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template max(T) { :*L"E)
Tmax( T x, Ty ) {

1
if( X <y ) return y; ILE !
else return Xx;

}
}

e BB A IN1DFEIFERED
BT l/ M.
:EJ’-)tFEE] —4' = H_é




template max(T) {
Tmax( T x, Ty ) {
1if( X <y ) return y;
else return Xx;

}
}

Tmax(M)( T x, Ty ) {
if( X <y ) return y;
else return X;

}
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class Stack(T) {
=t
}

Stack! (string) stk = ..;

template Stack(T) {
class Stack {
SBE%...
}
}

Stack! (string) .Stack stk = ..;
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alias int E#: // int@DilR"EBE”
]| n = 100;

alias n X&; // nDElHZ” A"
A8 = 200; // nlC2000 A\ B
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template pointer_to(T) {
alias T* type;
}

pointer_to! (int).type p; // int*&l
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template pointer_to(T) {
alias T* pointer_to;

}

pointer_to! (int) p; // int*8Y

// BBEIRDS | DK S REEEE (TR
// alias T* pointer_to(T);
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template pointee(T : T%) {
alias T pointee;

}

pointee! (int*) n; // int8!
pointee! (real) r; // A>I\AIITS—
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» “Principal Template” (35t TG vT
JL—F) OEEMNELLLY
template<typename T>

struct pointee; // <

template<typename T>
struct pointee<T*>
{ typedef T type; };

template pointee(T : T%)
{ alias T pointee; }
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class N1l {}
class Cons(A, D) {}

alias Cons! (int,
cons! (real,
cons! (string, Ni1l1))) MyL1ist;

s CORYRMDRIZETFEITHELANIL
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template Tength(_: Nil) ¢ VIF=27=B
const length = 0; J—2

I Const=o71=HF

template length(A: Cons!(A,D), D){
const length = 1 + length!'”));
}
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template len(T) {
static 1f( 1s(T==Nil) )
const len = 0;
else
static if( 1s(T A==Cons!(A,D),D) )
const len =1 + len!(D);
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if( cond ) {bodyl}

else {body2}
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e type func(.)(.) 1T(EH)

T max(T) (T x, T y) if( comparable! (T) )

{

return x<y ? y : X;

}

— ttﬁstliﬁ'-b\f%éck')@ BTIC

DNTHDH . maxzE
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- concept (C++) +° U5 X (Haskell) D K57
DENEBFyo(E4EL (c.f. boost::enable_if)
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e typeof(R)
-NDBE=FD
typeof(123) n; // nD&E(IEint

e is(typeof (X))
—AHMNBTS5—0) L=false. OKEL Strue

T max(T)(T x, T y)
1f( is(typeof(
valueof! (T) < valueof!(T))) )
{ return x<y ? vy : x; }
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class NamedPoint

{

int X; 1nt y; string name;

// BIE3DZITHD>Tx,y,namelc
// EDEFLY NTDETD
J/ A ABNSOHa UL

}
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class NamedPoint {
int X; 1nt y; string name;

// BFEE
this( 1nt x, 1nt y, string n )
{ this.x = Xx;
this.y = y;
this.name = n; }
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class NamedPoint {
int X; 1nt y; string name;

this( typeof(this.tupleof) xs )
{ this.titoleof = xs;

} thisA/7<x
AL EA DDA N
OVARSOE O R ZHD) A
(X,y,name)

(int,int,string)
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class NamedPoint {
int X; 1nt y; string name;
mixin SimpleConstructor;

}

template SimpleConstructor()

{
this( typeof(this.tupleof) xs )
{ this.tupleof = xs; }
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void foo( TypeTuple!(A,B,C), D );

A,B,C.D 545|151

o “T...0 TARTILINTAS

void printf(TS..) (string fmt, TS Xxs);
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FGEf : “"Generic Enumerator”

» TRBENCEBETATL—3%1ED !
— http://www.kmonos.net/wlog/80.html# 1008071221
L OEBENA—T3Y, S ERICEMER ! !

class List(T) {
T car,;
List! (T) cdr;
}

List! (char) 1Ist = ..;
each( 1Ist, (char c){writeln(c):}):



http://www.kmonos.net/wlog/80.html

each %& List BAICI N IFaiE
s BIRHIZT—2% =517

void each(T,F)( List!(T) 1Ist, F fn )
{
1f( Ist !is null ) {
fn( Ist.car );
each( 1st.cdr, fn ):

}
¥
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Z—ListEE 17

/

TFET—A—
W L|St-%-4 h\ntl: <
class/BinTree(T) SNDHD L/ <
T value: FHEFETREEL
BinTree! (T) lef 13—
BinTree! (T) right;

}

BinTree! (real) bt = ..;
each( bt, (real r){ writeln(i); });
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void each(T, alias Cont, F)
(Cont! (T) cont, F fn )
{

1f( cont !is null )
foreach(field; cont.tupleof)
static 1f( is(typeof(field)==T) )
fn( field );
else static 1if
( is(typeof(field)==Cont!(T)) )
each( field, fn );
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KEHELVE ! Class Tree(T)

class Node {

AT TDIZANEEBIRT HEE 16

{

T value
Node[] children;

}

Node root;:

"Cont!(T) & B o145 ER eI
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void each_imp1(T, X, FD( X x, F fn ){
static if( exists!(T).inside!(X) )
static 1f( isX =T) )
fn( x );
else if( x !is null )
static 1f( is(X E == E[]) )
foreach(elem; x)
each_impl1! (T) (elem,fn);
else
foreach(field; x.tupleof)
each_impl1! (T) (field,fn); }
void each(T, alias C, F)(C!(T) c, F fn)
{ each_impl1!(T™) (c, fn); }
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exists!(T).insidel(X)
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EFRATH TITTDFRIEBLRER)
template exists(T) {
template inside(X)

{ const inside = rec!(X).value; }

template rec(X, vVisited...) {
static 1f( indexof! (X, visited)!=-1 )
const value = false;

else

.. BIRMIC X.tupleof ZIEEDI—RK ..

3}
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AVLTreel!(real) T

class AVLTree(T) {
int height
AVLTree! (T) left;
T value;
AVLTree! (T) right AVLTree!(string) T
} LRELZLODIZ ! !
AVLTree! (int) set = ...;
each( set, (Aint n){ writeln(n):; });

« TAVLTree!(int) D@D int] Z51ZET 5H&
height FTRIRSNTLEH ! I T 1]
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% : Shadow Type

void each_imp1(sST, SX, X, F)( X x, F fn
static if( exists! (ST).inside! (sX)
static if( is(SX == ST) ) BLARILTIE
C!(ShadowT) @

fn( x );
=H@D ShadowT

else if( x !is null )
static 1f( is(SX SE == SE[] Y TR (L
I(T) DRD T,

foreach(elem; x)
each_imp1! (sT,SE) (elem,fn);

else
foreach(i,field; x.tupleof)
each_impl1! (ST, typeof(sX.tupleof[i]))

(field,fn); }
void each(T, alias ¢, F)(C!(T) x, F fn)
{ class ShadowT {}
each_imp1! (shadowT,C! (ShadowT)) (x, fn); }
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« Shadow Type [Z2D0LVT

—Q: AVTTHIHEFHFRIEEINTHIEGEIE?
(C++ @ vector<bool> M F ) bool DLEIE(F
vector<ST> NDH D ST DR EEED ! )

— A AT T ERRIET BT !

- Q: VT HAIFIRZE->THIGHFIE?
(class AVLTree!(T) if( comparable!(T) ) {...})
— A: class ShadowT { T t; alias t this; } TF=L\7=-
LNERETEET
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Generic Enumerator &%
—Q: T—AEDT4—ILEMN private 1=o71=5 ?
— A: tupleofldprivateZ 5t & *E'd’ét&ﬁ

—Q: T—AREMNA T HMERMIZZRETERES
NTHZEDF/LIE? (class
Tree(T){ interface Node{...}; Node root; ... })

—A:CHA.CNITER >
—Q: WAMRYRALEEST EERIL—T LA ?
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template fib(int n) {
static 1f( n<=1 ) const fib = 1;
else const fib =
fib! (n-1)+fib! (n-2);
}

int array[fib!(10)];
// int array[89]; &RU
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UINM L THEEORBZTERLHD T,
tE TR EREIXF-obTEEET,
int fib(int n) {

return
n<=1 ? 1 : fib(n-1)+f1b(n-2);

anj |

}
int array[fib(10)];

e BMEADLBEWN AT HRNEEZEDHELY)
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e alias Z#5|#IZENnFET
void setter(alias x) (typeof(x) p)
{ x=p; }

class Foo {
private int n;
alias setter!(n) set_n;

}
« INZFELO>THATHFELELD
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vector<int> v = <someprogram>;
for_each(v.begin(), v.end(), f);

vector<int> u = <someprogram> ;
for_each(u.begin(), v.end(), f);

)



¢ iterator : <1 15:HED

c AVTTHDMNEZTIETA TR
—* T, L THEFR % get
—++ T. RDEFRZTIEIT LIIZTH
— c.begin() T4EE, c.end() TREHINEINS
void for_each
(Ite,F) (Ite from, Ite to, F fn) {
while( from = to ) {

fn( *from );
++from;

3}
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e v.end() & u.end() A
BICE D MEL

vector<int> v = <someprogram> ;
for_each(v.begin(), v.end(), f);

vector<int> u = <someprogram>;
for_each(u.begin(), v.end(), f);

)
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. alias 5% !
class 1terator(alias cont)
{ .. BREEE . }

1terator! (cont)
begin(alias cont) () {
return new iterator! (cont)(
cont.begin()
);
} // end EEEE
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s CNTEBLAVNAILEFIZE TS —
vector! (int) v Lsomeprogram:>;

vector! (int) u L someprogram> ;
for each(beg1n'(u) end! (v), f);

_ob6I(E _ob6I(E
iterator!(u) & iterator!(v) &
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