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# let rec expxn =1if n =0 then 1 else
val exp : int => int —> int = <fun>

#exp310 ;
- int=59049

#exp 31000 ;
- int=-742892767

#exp 3100000 ;;

Stack overflow during evaluation (looping recursion?).

# let rec talLexp xny =if n =0 then
val tail_exp : int => int —> int —> int = <fun>

# let expxn =tail expxnl "
val exp : int —> int —> int = <fun>

# let expxn =
et rec tailLexp xny =1if n =0 then
intal_expxnl "
val exp : int —=> int —> int = <fun>

# let expxn =
let rec talLexp. x ny =if n =0 then
intail_exp_xnl 5
val exp : int —=> int —> int = <fun>

#exp310 ;
- int=59049

#exp 31000 ;
- int=-742892767

# exp 3100000 ;;
- int = -863145855

# exp 3 10000000 ;;
- :int=-902467071

# let rec fast exp xn =
if n =0
then 1

X *expx (n-1);

y else tail_exp x

y else tail_exp x

y else tail_exp_x

else if nmod2 =0 then fast _exp (x *x) (n/2) else x

val fast_exp : int —> int —> int = <fun>
# let rec fast exp xn =
if n =0 then 1 else |et a =fast_exp
val fast_exp : int —> int —> int = <fun>

# let rec fast.exp xn =

if n =0 then 1 else (if nmod2 =0 then 1 else x)

val fast_exp : int —> int —=> int = <fun>

# fast_exp 3 10 5
—:int =59049

# fast_exp 3 1000 i
—:int=-742892767

# fast_exp 3 100000 5
- int = -863145855

# fast_exp 3 10000000 "
- int=-902467071

# let rec fast_exp xn =
| et rec tail_fast_exp xny =

if n =0 then y else tail fast exp (x *x) (n/2)

i ntail_fast_ expxnl 0
val fast_exp : int —> int => int = <fun>

# fast_exp 310 3
- int =59049

# fast_exp 3 1000 "

(n-1) (x *y);

(n-1) (x*y)

(n-1) (x*y)

* fast_exp (x *x) (n/2);

(x *x) (n/2) inif nmod2 =0 then a else x *aj;

* fast_exp (x *x) (n/2);

(if nmod2 =0 then y else x *y)
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- :int =-742892767

# fast_exp 3 100000 5
- :int = -863145855

# fast_exp 3 10000000 "
- :int=-902467071

# let rec float_exp xn =
| et rec tail_float_exp xXny =
if n =0 then y else ta|I _float_exp (x * x) (n/2) (if nmod2 =0 then y else x * y)
i n tail_float_exp xn 1.
val float_exp : float —> int —> float = <fun>

# float_exp 1.00001 10000000 i
- : float = 2.68677343044e+43

# float_exp 0.99999 10000000 N
- float = 3.71821639246e-44

# let rec poly_exp mulonexn =
| et rec tail_poly_exp xny =
if n =0 then y else tall _poly_exp (mulxx ) (n/2) (if nmod2 =0 then y else mulxy )
i n tail_poly_exp x n one
val poly_exp : (a->'a—>"a) —>"'a ->'a -> int —> 'a = <fun>

# let intexp =poly exp (fun xy ->x *y) 1
val int_exp : int —> int —> int = <fun>

#int_exp 3 10 5
-1 int =59049

#int_exp 3 1000 5
—:int=-742892767

# int_exp 3 100000 "
- :int = -863145855

# int_exp 3 10000000 "
- :int =-902467071

# | et float_exp =poly_exp (fun xy -—->x * y) 1.
val float_exp : float —> int —> float = <fun>

# float_exp 1.00001 10000000 5

- float = 2.68677343044e+43

# | et string_exp =poly_exp (N ™
val string_exp : string —> int —> string = <fun>

# string_exp "hallo " 100 0

- :string =

"hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hal
lo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo h
allo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo
hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hal
lo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo h
allo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo hallo
hallo hallo hallo hallo hallo hallo *

# et mod_expm =poly exp (fun Xy ->x *ymodm ) 1;;
val mod_exp : int => int => int —> int = <fun>

# mod_exp 1000 3 10 n
—-:int=49

#mod_exp 1013101  ;;
-:int=3

# let fermat xp =mod_exppxp ;;
val fermat : int —> int —> int = <fun>

# fermat 100 101 5
—-:int=100

# let rec exists mnp =m <=n && (pm || exists (m+1)np );
val exists : int —> int —=> (int —> bool) —> bool = <fun>
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# exists 0 100 (fun x ->x =x +1);

- bool = false

# exists 0 100 (fun x ->xmod15 =7 &&xmod1l4 =

- bool = true

# let rec foral mnp =m >n || (pm &&forall (m+1)np);
val forall : int —=> int —> (int —> bool) —> bool = <fun>

# forall 0 100 (fun x ->x <x +1);

- : bool = true

# forall 0 100 (fun x ->x *x <5000 );;

- : bool = false

# exception  Empty;;
exception Empty

# let rec mnmnp = if m >n then raise Empty else
val min : int —> int —> (int —=> bool) —> int = <fun>

# min 0 100 (fun x ->xmod15 =7 &&xmod1l4 =9);
—-:int=237

# min 0 100 (fun x —> not (x * x <5000 ));;
-:int=71

# | et fermat_test p =forall1 (p—-1) (fun x —>fermatxp

val fermat_test : int —> bool = <fun>

# fermat_test 101 "
- : bool = true

# fermat_test 100 i
- : bool = false

# | et fermat_witness p =minl (p -1) (fun x ->fermatxp

val fermat_witness : int —> int = <fun>

# fermat_witness 101 5
Exception: Empty.

# fermat_witness 100 5

-:int=2
# fermat_witness 341 0
-:int=3
# fermat 2 341 0
-:int=2
# fermat 3 341 5
-:int=168
# | et verbose fermat_test p =
try (let x =fermat_witness p
i n print_string (‘'string_of _intp A Mist keine
"Zeuge: exp"  ~ string_of_int x
string_of _intp Amo=t
with  Empty -> ( print_string (‘string_of intp N
" hat den Fermat —Test bestanden
n\n" ));

val verbose_fermat_test : int —> unit = <fun>

# verbose_fermat_test 100
lOO ist keine Primzahl. Zeuge: exp 2100 mod 100 =76
cunit=()

# verbose_fermat_test 341
341 ist keine Primzahl. Zeuge: exp 3341 mod 341 = 168
sunit=()

# verbose_fermat_test 101 0

101 hat den Fermat-Test bestanden, koennte also eine Primzahl sein.

—:unit=()
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