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O OcamlOO0OOCOOODOCO

let OO

(let ((x (* 33))) (list x x x))D0O0OOODOOODO.

1. Scheme
Scheme OO OODOO

> (let ((x (x 3 3))) (list x x x))
99 9

2. Ocaml
O000Schemed Ocaml OO0 O0O0OOOOOOO

let x = 3 * 3 in [x;x;x];;
goooo

# let x = 3 * 3 in [x;x;x];;

- : int list = [9; 9; 9]

O00O0OScheme 0 O00OO0OO0O0ODOOOOODOOOOODOOOOODO

gogoobobooodn

map 0000000000 O0O0OCOOO0DOOOOODOO0OOC

1. Scheme

(define mymap
(lambda (f x)
(cond
((nul1l? x) 2 0)
(else (cons (f (car %)) (mymap f (cdr x)))))))

(mymap (lambda (x) (*x x x)) °(-2 1012 3))d00000O0O0O



> (define mymap
(lambda (f x)
(cond
((null? x) )
(else (cons (f (car x)) (mymap f (cdr x)))))))
> (mymap (lambda (x) (* x x)) (-2 101 2 3))
(410149

map U0 0000000000 O0ODOOO0OO0O0O0O0O0DOOOO0OODOOOOOOOOO0On
ooo

2. Ocaml
xO10000O0O0Otaple00O0OOOOOO

let rec mymap (f, 1) =
match 1 with
0 -> 10|

x :: rest -> f x :: mymap (f, rest) ;;

Ocaml 00 Scheme 000000000 DOO0DODDODODOODOOOO
mymap ((fun x -> x * x), [-2; 1; 0; 1; 2; 31);; 000000

# let rec mymap (f, 1) =
match 1 with [1 -> [1 |
x :: rest -> f x :: mymap (f, rest) ;;
val mymap : (’a -> ’b) * ’a list -> ’b list = <fun>
# mymap ((fun x -> x * 2), [-2;1;0;1;2;3]);;
- : int list = [-4; 2; 0; 2; 4; 6]

Ocaml 00O Scheme 00000000 OODOOOOOOO0OOOOOOOOOOOOO0OO

gooooon
consUOOOOOOOO

1. Scheme

(define consl
(lambda (a)
(lambda (b) (cons a b))))

obobobOdObDlambdaDOOODOODOODOODOODOODOODOOOOOODOOOODOO
gbooooboooobobooooboboooobooboooooboan



> (cons 1 ’(2 3))

(123)

> (consl 1 (2 3))

procedure consl: expects 1 argument, given 2: 1 (2 3)
> ((consl 1) ’(2 3))

(12 3)

gboboo0o0od0Odb0conslOOO00OO00ODOODOOOOOOOOOODOODODOOOODOO
goboboobOoooobooboooooboobobooobooboOoboooboooboOoooog
oboooooog

2. Ocaml
let consl a = fun b -> a :: b ;;

Ocaml 000000000000 0000O0000000000000000O SchemeOO
oboooooooooon

# let consl a =funb ->a :: b ;;

val consl : ’a -> ’a list -> ’a list = <fun>
# consl 34 [] ;;

- : int list = [34]

# consl 45 [32];;

- : int list = [45; 32]

Scheme 00000000000 OCOOO0O0OOOOOOOOOOOOOOOOOOOOO
Ocaml 00 000CO0O0O000ODODOOOCOOO0OODODOCOOOOOOOOOcaml OO
oboooooooboooooobooon

ERERE

1. 00000 Y, 000000000000)f000 00 e000b6000000 f(a)+ f(a+
)+---+fh)0000000000000000.Y,0 Scheme 000000

2. (myexpt 2) 0 O0O0O(myexpt 3) 00 0000...00000000000000O00OOmyexpt
gogoooo

Answer

SchemeOJ Ocaml OO0 O0O0O00O0OOOOOOOOOOO

1.

1. Scheme O OO



(define sigma
(lambda (f)
(lambda (a)
(lambda (b)
(cond
((>=b a) (+ (f a) (((sigma £) (+ a 1)) b))
(else 0))))))

(define sigma
(lambda (f)
(lambda (a)
(lambda (b)
(cond
((>=Db a) (+ (f a) (sigma £ (+ a 1) b)))
(else 0))))))

gboboobodbsigmad 0000000 OO0OO0OOOOOOODOOODOOODOOOOOO
oo000O000oOo0o00ooOo00oDOo00oDOoOO00oOOO00ODOOoO0O0O0O0OnScheme O
gooooooboooooobooboooooboooooon

gobgobooboobgoobooboobooboobooboooooboo

> (define sigma
(lambda (f)
(lambda (a)
(lambda (b)
(cond
((>=Db a) (+ (f a) (((sigma £f) (+ a 1)) b))
(else 0))))))
> (((sigma (lambda (x) (* x x))) 1) 9)
285
> (((sigma (lambda (x) (- x 1))) 0) 5)
9

goood

2. Ocaml O OO

let rec sigma f = fun a -> fun b >

if b >= a then f a + sigma f (a+l) b else 0 ;;
Scheme 00000000000 DOO0DODOOODOO

# let rec sigma f = fun a -> fun b >
if b >= a then f a + sigma f (a+l) b else 0 ;;

val sigma : (int -> int) -> int -> int -> int = <fun>



# sigma (fun x -> x * x) 1 9 ;;

- : int = 285
# sigma (fun x -> x - 1) 0 5 ;;
- :int =9

ooooif0oo00oooo0oooooooooon

2.

1. Scheme O OO

(define myexpt
(lambda (n)
(lambda (x)
(cond
(n0) 1)
(else (x ((myexpt (- n 1)) x) x))))))
(define sq
(myexpt 2))
(define cu

(myexpt 3))

ubooooboobob00On00OO0O0O00D0O00000 myexptOO0OOD0OO0OO nOO
obboooooooooboobbOsqee0 000000000 O0DOOCOOOOODOODOOO
ooooo

> (sq 4)
16

> (cu 7)
343

gboooboooboooooobo

2. OcamlO OO

let rec myexpt n =
fun x -> if n = 0 then 1

else (myexpt (n-1) x) * x ;;
Scheme OO OODOOOODOOOODOODO

# let rec myexpt n =
fun x -> if n = 0 then 1
else (myexpt (n-1) x) * x ;;
val myexpt : int -> int -> int = <fun>

# let sq = myexpt 2;;



val sq : int -> int <fun>
# let cu = myexpt 3;;

val cu : int -> int = <fun>

# sq 453
- : int = 16
# cu7;;
- : int = 343

obooooobooboooooboon

ERERE

1. 000000000000000000000000000 ((double list) 777) 000000
(777)) 00000000000 double 000OOD

2. (double (double f)) 0000 f000000000000000000000 ((double double)
000000000000

Answer
1.

1. Scheme O OO

(define double
(lambda (f)
(lambda (x)
(£ (£ )N

gboooooooo

> ((double list) 777)
ocrrn)

goobogobooaoo

2. OcamlO OO
oo0oooOooooooooooooo

let double f x = f (f x);;

# let double f x = f (f x);;

val double : (Pa -> ’a) -> ’a -> ’a = <fun>

OO0o0oOo0oO00DOoO0list00oooogooooogoo



# (double (fun x -> x :: [1) 777);;
Characters 18-19:
(double (fun x -> x :: [1) 777);;

This expression has type ’a list but is here used with type ’a

goboobooaboodaod

ooboboooboboooooboooboooobobo0oobboooooooooboobDoooDo
gbobooboboooboooooboooboooobooobooboobOoboobooog
obooooboobooooobobooog

2.

1. Scheme O OO

(define fourl
(lambda (f)
(double (double £))))

(define four2
(lambda (f)
((double double) £)))

> ((fourl list) 777)
CCCCrrm))

> ((four2 list) 777)
CCCCrrm )

double 0O OOOODOOD fowrODOO00OQOODOOOO0OOOOO0NstOOOOOOODOO
budgbouobuobobobobboobooboobooboooboooa

> ((fourl (lambda (x)

(* x x))) 2)
65536
> ((four2 (lambda (x)

(x x x))) 2)

65536
> ((fourl (lambda (x)

(- xx))) 2)
0

> ((four2 (lambda (x)
(- xx))) 2)
0

oobOobobooobOobooobOobobooobOooog trace000O0OO



> (trace fourl)

(fourl)

> ((fourl list) 777)

| (fourl #<primitive:list>)
|#<procedure:14:4>
TN

> (trace four2)

(four2)

> ((four2 list) 777)

| (four2 #<primitive:list>)
| #<procedure:14:4>
TN

four 00 0000000000000 CODOOOOCCOOOOO doubleO OO traceO
ooog

> (trace double)
(double)

> (double (double list))

| (double #<primitive:list>)
|#<procedure:14:4>

| (double #<procedure:14:4>)
| #<procedure:14:4>
#<procedure:14:4>

> ((double double) list)

| (double #<procedure:traced-double>)
|#<procedure:14:4>

| (double #<primitive:list>)

| #<procedure:14:4>

| (double #<procedure:14:4>)
|#<procedure:14:4>
#<procedure:14:4>

(double (double list)) 0000000000 OOOO ((double double) list) 00 00O
gboboooooboboboboboooobobobobobobobobLon
obooboobobobobooo

2. Ocaml OO 0O
000 Ocaml D00 000O0DODOOO0O0O0O0OODODODOOOOOODODODOOOOOOOO

# let fourl x = double (double x);;

val fourl : (Pa -> ’a) -> ’a -> ’a = <fun>



# let four2 x = (double double) x;;

val four2 : (Pa -> ’a) -> ’a -> ’a = <fun>
trace0O00O0OOO

# fourl (fun x -> x * x);;
fourl <-- <fun>
fourl --> <fun>

- : int -> int = <fun>

# four2 (fun x —> x * X);;
four2 <-- <fun>
four2 --> <fun>

- : int -> int = <fun>

00 OcamlODO000O0O0O00O0ODDOOCOOOOOOODOODOODOODODODODOOOOO
goboobooobooobooo

oo

(abcd) 000 (pq) 000000000000 0D0000O0000O0O ((ap)(aq) (bp) (b
q) (cp) (cq) (dp) (dq) 00000000 product 0000000000000

Answer
http://www.altum.jp/math/exp2a/prac/12.html 000 000 Scheme D00 0000

(define (direct-product G H)
(apply append
(map (lambda (x)
(map (lambda (y) (1ist x y)) H)
) G)

)

goog
000 Scheme OO OOOODO

> (define (direct-product G H)
(apply append
(map (lambda (x)
(map (lambda (y) (list x y)) H)
) G)



)
> (direct-product ’(1 2) °(3 4 5))
((13) (14) 15 (23 (24 (25))
> (direct-product ’(2 3 4 5) ’(2 3))
((22) (23) (32) (33) (42) (43) (52) (563))

O00DO0O000 OcamlODOOOODODO

let direct_product g =
fun h -> map (fun x -> map (fun y -> x :: y :: [1) h) g;;
# let direct_product g =
fun h -> map (fun x -> map (fun y -> x :: y :: [1) h) g;;
val direct_product : ’a list -> ’a list -> ’a list list list = <fun>
# direct_product [1;2] [3;4];;
- ¢ int list list list = [[[1; 31; [1; 411; [[2; 31; [2; 411]

00000000 00Lst00 0000000000000 000000 mapO0OO0OO0OOO
oooooooooooo
scheme O O

> (append ’(1 2) (3 4) ’(5 6))
(123456)

000000 Ocaml OO

# (@) [1;2;3] [4;5;6] [7;8;9];;
Characters 0-3:
(@) [1;2;3] [4;5;6] [7;8;9];;

This function is applied to too many arguments,
maybe you forgot a ¢;’

# (+) 1255

- : int =3

# (0 [1] [2];;

- : int list = [1; 2]

0000000 Oappend 0000000000000 0000Napply 00000000000
append 0 0000000000000 DapplyD append J000000000000000
ooooo

let rec apply_append 1 =
match 1 with [1 -> [] |
X :: rest -> append x (apply_append rest);;

gboooao

let direct_product g = fun h >
apply_append (map (fun x -> map (fun y -> x :: y :: [1) h) g);;

10



gboobobooboabaon

# let rec apply_append 1 =

match 1 with [] -> [] |

X :: rest -> append x (apply_append rest);;
val apply_append : ’a list list -> ’a list = <fun>
# let direct_product g = fun h ->

apply_append (map (fun x -> map (fun y -> x :: y :: [1) h) g);;
val direct_product : ’a list -> ’a list -> ’a list list = <fun>
# direct_product [1;2] [3;4];;
- : int list list = [[1; 3]; [1; 4]; [2; 3]; [2; 41]
# direct_product [1;2;3] [4;5;6];;
- : int list list =
(01; 4]; [1; 815 [1; 6]; [2; 4]; [2; 51; [2; 6]; [3; 41; [3; 5]; [3; 6]]

ggboboodgboooboabgaoaod

O0000000000000000 (fold) OO

(define sum-list
(lambda (x)
(cond
((null? x) 0)
(else (+ (car x) (sum-list (cdr x)))))))

Ocaml 0O OO0
let rec sum_list 1 = match 1 with [J] -> 0 | x :: rest -> x + (sum_list rest);;

# let rec sum_list 1 =

match 1 with [] -> 0O

| x :: rest > x + (sum_list rest);;

val sum_list : int list -> int = <fun>
# sum_list [1;2;3;4;5;6;-2];;
- : int = 19
# sum_list [-1;-2;-3;-4;-5];;
- : int = -15
# sum_list [2];;
- : int = 2

(define fold-right
(lambda (f x unit)
(cond
((null? x) unit)
(else (f (car x) (fold-right f (cdr x) unit))))))

11



Ocaml O O

let rec fold_right £ 1 e =
match 1 with
1 >e
| x :: rest -> f x (fold_right f rest e);;

ERERN

1. 00 foldright 0ODOO0OD0OOO0OODODOODO sum-list, mymax, myappend D OO 00000
ooooo

2. fold-right 000000 (f... (f (f (funit al) a2) a3) ... an) 0000000 fold-left OO

(define fold-left
(lambda (f unit x)
(cond
((null? x) unit)
(else (fold-left f (f unit (car x)) (cdr x))))))

00000000000 sum-list 0 mymax 0000000000000 000OOO myreverse
gooooooooooooboonod

Answer
1.

1. Scheme O OO

> (define sum-list
(lambda (x)
(fold-right + x 0)))
> (sum-list ’(1 234567 8 9))
45
> (sum-list ’(-1 -2 -3 -4))
-10

0000 foleright 000040000000 000D0C0O0x00000wit0 00000

mymax 0000000000O

(define mymax
(lambda (1)
(cond
((null? 1) "Not defined")

12



((null? (cdr 1)) (car 1))
((< (car 1) (mymax (cdr 1))) (mymax (cdr 1)))
(else (car 1))))))

gbooooood

(define mymax
(lambda (1)
(cond
((null? 1) "Not defined")
(else (fold-right (lambda (x y)
(cond
(Kxy)y
(else x))) 1 -111)))))

fold-right 000 D0DD0OOO00OD condOO0O00O00OO0OO0OODOOOODO
gbooooboooobobooo-111obobooooboobooooboooooaon

> (mymax (1 356 7))

7

> (mymax ’(5 67 9 33 235 35 67 ))
235

> (mymax ’(-123 -567 -222))

-111

> (mymax ’())

"Not defined"

> (mymax ’(1 2 3 5 9))
9

gobobooboobooboboooboboobooboon

myappend 0 00000000000

(define myappend
(lambda (x y)
(cond
((null? x) y)
(else (cons (car x) (myappend (cdr x) y))))))

000 foldright 00 O0O0O0O0OOODO

(define myappend
(lambda (x y)
(fold-right cons x y)))

13



goooooaoo

> (myappend ’(1 2 3) (4 5 6))
(1 23456)

> (myappend ’(3 5 6) *())

(3 56)

2. Ocaml OO0
let sum_list 1 = fold_right (fun x y -> x + y) 1 0;;
oooooo

# let sum_list 1 =
fold_right (fun x y -=> x + y) 1 0;;
val sum_list : int list -> int = <fun>
# sum_list [1;2;3;4;5];;
- : int = 15
# sum_list [-2;3;4;5];;
- : int = 10
# sum_list [J;;
- :int =0

mymax 000000000

let mymax 1 = if (null 1) then "Not defined"
else fold_right (fun x y -> if (x < y) then y else x) 1 -111;;

goboobooobooboobon

# let mymax 1 = if (null 1) then "Not defined"

else (fold_right (fun x y -> if (x < y) then y else x) 1 0);;
Characters 51-101:

let mymax 1 = if (null 1) then "Not defined"

else (fold_right (fun x y -> if (x < y) then y else x) 1 0);;

This expression has type ’a -> ’a but is here used with type int

OO0OOOoOoOoOoO0O0OcamlODOOOODODODOOOOSchemeDOOODODOOODOODOODO
oboooooooon

# let mymax 1 = fold_right (fun x y -> if (x < y) then y else x) 1 0;;
val mymax : int list -> int = <fun>
# mymax [1;2;3;4;6];;

- : int = 6
# mymax [3;4;6;9;2;45;7];;
- : int = 45

14



gbooooooboooobooobooobooboooobooboobbobbOoDo
gooood

OcamlDO000D0OOOODOOOODOOOODOOOODO
let myappend 11 12 = fold_right (fun x y -> x :: y) 11 12;;

myappend 0000000 O00DOCOOOO

# let myappend 11 12 = fold_right (fun x y -> x :: y) 11 12;;
val myappend : ’a list -> ’a list -> ’a list = <fun>

# myappend [1;2;3] [4;5;6];;

- : int 1list = [1; 2; 3; 4; 5; 6]

# myappend [3;5;7] [24;667;23];;

- : int list = [3; 5; 7; 24; 667; 23]

2. fold-left 0 OCamlO0O0O0O

let rec fold_left £f e 1 =
match 1 with [J] > e | x :: rest -> fold_left f (f e x) rest;;

1. Scheme O OO

> (define sum-list
(lambda (x)
(fold-left + 0 x)))
> (sum-list (1 234567 89))
45
> (sum-list ’(-1 2 -3 4))
2

(define mymax
(lambda (1)
(cond
((null? 1) "Not defined")
(else (fold-left (lambda (x y)
(cond
(kxy)y
(else x))) -111 1)))))
> (mymax ’(1 2 3 4 5))
5
> (mymax (347 239832))
98

(define myreverse

15



(lambda (seq)
(fold-left (lambda (x y)
(cons y x)) ’() seq)))
> (myreverse ’(2 4 5))
(54 2)
> (myreverse (1 234567 89))
(987654321)

2. Ocaml OO 0O

let sum_list 1 = fold_left (fun x y -> x + y) 0 1;;

# let sum_list 1 fold_left (fun x y -> x +y) 0 1;;
val sum_list : int list -> int = <fun>

# sum_list [1;2;43;5];;

- : int = 51

# sum_list [1;-2;5;7];;
- : int = 11

# sum_list [-4;0];;

- : int = -4

Ocaml 0 myreverse 1 000 OO

let myreverse 1 = fold_left (fun x y -> y :: x) [1 1;;

# let myreverse 1 = fold_left (fun xy ->y :: x) [] 1;;
val myreverse : ’a list -> ’a list = <fun>

# myreverse [1;2;3;4;5];;

- : int list = [5; 4; 3; 2; 1]

# myreverse [];;

- : ’alist = []

# myreverse [[1;2;4]1;[2;3;5]1;[4;7;81];;

- : int list 1list = [[4; 7; 8]; [2; 3; 5]1; [1; 2; 4]1]

gogboooooooo

1.

0

. O

O000o000OoO00Oo0o0oOO00oO0oO0oOoUOO0ODOODObOO O(m2) 00O
gbooooobooooooon

gboooogooboooooobobobooooboooooboooobooboobobooooo
0000000000000 00000O0000O0000000000 (sort j="(31415
9) 00000 (954311)000000000UOO0OOOUUDDOOOOOOOO
,=00000000000000000)

16



3. 0000000000 xxy OO 0000 (xy)OOOOx,yOOOO O0OOOD0OO0O00OOx

ubobooobo obob xobooooboo yoboooooo boboooo bobo
gooood

0 ((42)(13)(35)(86)(47)(81)) 00000 ((13)(35)(42)(47) (81)(86)) 0
000000000

Answer

Ocaml 0000000000 O00O0OO0OOOOInsertionsort D 0O00OOO

let rec insert (x : float) =
function [1 -> [x] |
(y :: rest) as 1 -> if x < y then x :: 1

else y :: (insert x rest);;

let rec insertion_sort =

function [J -> [] | x :: rest -> insert x (insertion_sort rest);;

g

(define insert
(lambda (y)
(lambda (1)
(cond
((null? 1) (coms y *O))
(else (cond
((<y (car 1)) (cons y 1))
(else (cons (car 1) ((imsert y) (cdr 1))))))))))

(define insertion_sort
(lambda (1)
(cond
((qull? 1) > QO)
(else ((insert (car 1)) (insertion_sort (cdr 1)))))))

gboooooooboo

> (insertion_sort (1 3 5 2 4))
(1 2345)

> (insertion_sort (3 5 67 1 34))
(1 35 34 67)

gbooooboooooo

17



(define insert_op
(lambda (op x 1)
(cond
((null? 1) (coms x *(0)))
(else
(cond
((op x (car 1)) (coms x 1))
(else (cons (car 1) (insert_op op x (cdr 1)))))))))

(define i_s_op
(lambda (op 1)
(cond
((null? 1) )
(else (insert_op op (car 1) (i_s_op op (cdr 1)))))))

> (insert_op < 7 ’(1 3 5 8))

(1357 8)
> (i_s_op < ’(1 3 5 2 4))
(1 2345)
> (id_s_op > (1 3 5 2 4))
(54321)

00000o000ooooo0oooounDopd0OO0OO0OUOOOOOOODODOOODOOO
OcamlOOOOODODO

# let rec insert_op op (x : float) 1 =
match 1 with [] -> [x] | (y :: rest) as 1 ->
if (op x y) then x :: 1 else y :: (insert_op op x rest);;
val insert_op : (float -> float -> bool) -> float -> float list
-> float list = <fun>

# insert_op (fun x y -> if x < y then true else false) 2. [3.;5.;1.];;
- : float 1list = [2.; 3.; 5.; 1.]

insert 000000000 OO0O0OOODOOOOODOOOOOOODOO0OO0

# let rec i_s_op op =
function []1 -> [] | x :: rest -> insert_op op x (i_s_op op rest);;
val i_s_op : (float -> float -> bool) -> float list -> float list = <fun>
# i_s_op (fun x y -> if x < y then true else false) [1.;3.;5.;2.;4.1;;
- : float 1list = [1.; 2.; 3.; 4.; 5.]

gobooooo
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goog

[1] http://www.altum. jp/math/exp2a/prac/12.html
gooobobbooooon

[2] http://www.sampou.org/scheme/sicp/answer/sicp.2.2.html
oooboooboobooboboooboobon

[3] http://www.sampou.org/scheme/sicp/mailinglist/msg00880.html

[4] http://www.sampou.org/scheme/sicp/mailinglist/msg00045.html
O0000o0oO0O00b0O000o0000b0o000
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