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Nt mult_acc4( int r, int n, int a){
while (true) {
If ( odd(n) ){

r=r+a;
If (n==1) return r;
}
n= half(n );
a=a+a;
}
}
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template < typename A, typename N>

A multiply _accumulateO( Ar, Nn, Aa){
while (true) {
if ( odd(n) ){
r=r+a
If ( n==1 ) returnr
}
n = half(n)
a=-a+a
}
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A multiply _accumulateO( Ar ,Nn, Aa){
while (true) {
If (odd(n)) {
r=r+a
If (n==1) return r;
}
n = half(n);
a=-ata 1
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template < NoncommutativeAdditiveSemigroup A,
typename N>
A multiply _accumulate (Ar,Nn,Aa){
while (true) {
If (odd(n)) {
r=r+a,
if (n==1) returnr;

}
n half(n );
a

a+ a,
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#define  NoncommutativeAdditiveSemigroup typename
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template < typename A, typename N>

A multiply _accumulateO( Ar, Nn,Aa){
while (true) {
If ( odd(n) ){
r=r+a,
If ( n==1 )returnr;
}
n = half(n) ;
a=-ata ; }}
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template < NoncommutativeAdditiveSemigroup A,
Integer N>
A multiply _accumulate semigroup (Ar,Nn, Aa){
/] precondition (n >=0);

If (n ==0) returnr,
while (true) {
If (odd(n)) {
r=r+a,
If (n==1) returnr,

half(n );

}
N
a=a+a;
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template < NoncommutativeAdditiveSemigroup A,
Integer N>
A multiply _semigroup (Nn,Aa){
/] precondition (n > 0);
while (lodd(n)) {
a=at+a,
n= half(n );
}
If (n ==1) return a;
return multiply accumulate _semigroup (a,

half(n - 1), a + a);
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template < NoncommutativeAdditiveMonoid
Integer N>
A multiply _monoid (Nn,Aa){
/] precondition (n >=0);
If (n == 0) return A(0);
return multiply _semigroup (n, a);

}
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template < NoncommutativeAdditiveGroup A,
Integer N>
A multiply _group (Nn,Aa){
If (n<0){
n=-n;
a=-a;
}
return  multiply_monoid(n , Q),
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template < Multiplicative Semigroup A,
Integer N>
A power_accumulate_semigroup (Ar, Aa Nn ){
/] precondition (n >=0);
If (n ==0) return r;
while (true) {

If (odd(n)) {
r=r *a;
If (n==1) return r;
}
n= half(n );
a=a *a;

} =?X%
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template < Multiplicative Semigroup A,
Integer N>
A power _semigroup (Aa,N n){
/] precondition (n>0);
while (lodd(n)) {
a=a *a;
n= half(n );
}
If (n ==1) return a;
return power_accumulate semigroup (a,

a*a , half(n-1) );

=?f%
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template < MultiplicativeMonoid A, Integer N>
A power_monoid (A a, Nn) {

/I precondition(n >= 0);

If (n == 0) return A(1);

return power_semigroup (&, n);

}
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template < MultiplicativeGroup A, Integer N>
A power_group (A a, Nn){
If (n<0){
n=-n;
a= multiplicative_inverse (a);
}
return power_monoid (a, n);

}
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template < MultiplicativeGroup A>
A multiplicative_inverse (Aa){
return A(1) / a;

}
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A multiply _semigroup (Nn,Aa){ A power_semigroup (Aa,N n){
/l precondition (n>0); // precondition (n>0);
while (todd(n)) { while (fodd(n)) {

a=a+ta; a=a * a;
n= half(n ); n= half(n );
} }
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template < Regular A, Integer N, SemigroupOperation Op >
I/l requires (Domain<Op, A>)
A power_accumulate semigroup (Ar, Aa, Nn, Opop){

/] precondition (n>=0);

if (n==0) returnr,
while (true) {

If (odd(n)) {
r= op(r, a)
if (n==1) returnr,
}
n= half(n );
a= op(a , a)

==X%



1#N*"%NO()%. */*" G8B02"#ADo@D*"+#/

template <Regular A, Integer N,
SemigroupOperation Op >
// requires (Domain<Op, A>)
A power_semigroup (A a, Nn, Op op ) {
// precondition(n > 0);
while (lodd(n)) {

a= op(a,a) ;
n = half(n);
}
If (n ==1) return a;
return power_accumulate semigroup (a,
op(a,a) ,half(n-1), op);
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template <Regular A, Integer N,
MonoidOperation  Op >
// requires(Domain<QOp, A>)
A power_monoid (A a, Nn, Opop){
Il precondition(n >= 0);
If (n == 0) return identity _element (op) ;
return power_semigroup (a, n, op);

}
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template < NoncommutativeAdditiveMonoid >
T identity_element (std ::plus<T>) {
return T(0);

}
R7*/+(E%*6*$*/(%0:4/,+#/% #"%y T%

template <  MultiplicativeMonoid T>
T identity_element ( std ::multiplies<T>) {
return T(1);

}
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template <Regular A, Integer N,
GroupOperation Op>

// requires(Domain<QOp, A>)

A power _group (A a,Nn,Opop){

if (N <0) {

n=-n;

a= inverse_operation (op) (a);
}
return power_monoid (a, n, op);

}

=99%
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template < AdditiveGroup  T>
std ::negate<T>  Inverse_operation (std ::plus<T>){
return std ::negate<T>();

}

R/I*"-*%#D*"+#/%:4/,+#/%:# "%y T%

template <  MultiplicativeGroup T>
reciprocal<T>
Inverse_operation (std :multiplies<T>) {

return reciprocal<T>();

}
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template < MultiplicativeGroup T
struct  reciprocal {
T operator()( const T&Xx) const {
return T(1) / x;
}
%
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int fibO( int n){

If (n ==0) return O;

If (n==1) return 1,

return fibO(n - 1) + fibO(n - 2);
}
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Int  fibonacci_Iterative (int n){
If (n ==0) return O;
std ::pair< int , int >v={0, 1}

for ( int i =1; i <n++ i){

v ={ v.second , wv.first  + v.second };
}
return v.second
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template < Inputlterator , Semiring R>
R polynomial_value (I first, I last, R x) {
If (first == last) return R(0);
R sum(*first);
while (++first 1= last) {
sum *= x;
sum += *first;

}

return sum;
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polynomial<real> gcd (polynomial<real> a,
polynomial<real> b) {
while (b !'= polynomial<real>(0)) {
a = remainder(a, b);
std ::swap(a, b);
}

return a,;

}
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complex number:  z=x+ yi

complex conjugate: z =x —yi

real part: Re(z) = 2(z+2) =x
imaginary part: Im(z) = ;- (z—2) =y
norm: 1z|| = 2z = x* + v?
absolute value: z| = /|z]| = /22 + 12
argument: arg(z) = ¢ such that

0< ¢ <2rand |§—| = cos(¢) + isin(¢)
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addition: L+ b=(Lh+ D)+( 4+ L)L
subtraction: h!' b=(h! R)+( 4! L)L
multiplication: hb=(hl! W\ + (Rv+ [ L)
reciprocal: 1] = ﬂ!_l = FL% ! m L
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complex<integer> gcd (complex<integer> a,
complex<integer> b) {
while (b !'= complex<integer>(0)) {
a = remainder(a, b);
std ::swap(a, b);
}

return a;

}
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template < EuclideanDomain E>
E gcd(Ea, Eb){
while (b = E(0)) {
a = remainder(a, b);
std ::swap(a, b);

}

return a;
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