oooooooo

oooocooooon

oooo

pooooo0opDooooooooo

o000 ooooo oo

000000000000000000 0000 00000 00

oooo

10 IF (X .GT. 0.000001) GO TO 20
X=-X

11 Y=X*X-SIN(Y)/(X+1)
IF (X .LT. 0.000001) GO TO 50

20 IF (XxY .LT. 0.000001) GO TO 30
X=X-Y-Y

30 X=X+Y

50 CONTINUE
X=A

Y=B-A+C*C
GO TO 11

0000000000 (Mitchell, “Concepts in PL”, 2003 0 0)

D000 (D0oO0000000000000 O000000000000000000 0000 00000 00

ooooooooooooo

open List;;

let rec mult x =

if x=[] then 1

else (hd x) * (mult (tl x))
in mult [2; -3; 5] ;;

hdOODOOOODOOOODOOOOO
tt00o000ooooooooooon ([]D 0 )[]D oooo
mult [2;-3;5] => -30

D000 (DooOoOo00000000000 O000000000000000000 0000 00000 00

oooooo

let rec mult3 x =
if x=[] then 1
else if (hd x) < O then (hd x)
else
let res = mult3 (tl x) in
if res < O then res
else (hd x) * res
in mult3 [2; -3; 5] ;;

0000000000 0DO00000000000000000000
ooooooooo
00o00o0o0ooOooOoooooooooooona

000000000000000000 0000 00000 00

ooono

o (0D)DDODODO
e (00)00DODODODDO

000000000000000000 0000 00000 00

ooooooooono

Dijkstra, “GO TO CONSIDERED HARMFUL" (1968)

egoto 00O IODOOOODOOOODOOOODO
e J0ODOO0OOODOOOOOOOOOOOOBODOO

o if-then-else, while, for, case ...

0ooo0o0oooooo?0o0oO0o0oooooooog

10 ( 100000000000¢ [ 1000000000¢C 0000 00000 00 4/31

oooooo

000000000000 0D0O0O0O(00000)000000o0ooOo
oooooo

let rec mult2 x =
if x=[] then 1
else if (hd x) < O then (hd x)
else (hd x) * (mult2 (tl x))
in mult2 [2; -3; 5] ;;

oooooooooooo

0000000000000000 000000000000000000 0000 00000 00

ooooooo

exception Negative of int ;; (DO DOOO)

try
let rec mult4 x =
if x=[] then 1
else if (hd x) <= 0 then
raise (Negative (hd x))
else (hd x) * (multd (tl x))
in
mult4 [2; -3; 5]
with
Negative n -> n ;;

raise (0D 000D0)0D000000000O0 try-with (0O0DDOO0)00D0O
ooooooooo

000000000000000000 0000 00000 00




oooo: 000 ooono

mapO0O0000:
open List;;
let inc x = x +. 1.0;;
map inc [1.0; 2.0; 3.01;;
map sqrt [1.0; 2.0; 3.0];; e 00D0ODDOODODOODDOO
map sqrt [1.0; -2.0; 3.0];; e 0000000000000 0
voooooooooooouooo e 0000000D000000000000000000000000
exception Neg of float;; ooooo
let £ r = e JIU0DODIODOOIODODUIDDODOUDLDDO
if r < 0.0 then raise (Neg r)
else sqrt r ;;
try
map £ [1.0; -2.0; 3.0]
with
Neg r -> [r] ;;

000000000000000000 0000 00000 00

000000000000000000

000000oO00O (oooooo) Ooooooooooo

exception E3;;

try ooooogoooooo
let f x = raise E3 in e C: setjmp(), longjmp()
le:rs *= o C++: try-catch, throw
£ 10 @ Java: try-catch-finally, throw
with E3 -> 20 o ML: try-with (O O O handle), raise
in gooooooooooOoOoooOoOoOooOoOoO0ooboOoOoboboOo0ooo
go oooo

with E3 -> 30;;

oooooo2000000(@0300000)

100000000000¢ 1000000000¢C 0000 00000 00 12 /3

D000 (D0oO0000000000000 O000000000000000000 0000 00000 00

go0o0oooooooooOobOobD

let rec fact n =
if n=0 then 1

else n * (fact (n-1)) 00000000000000000000000000000000

in fact 10 000(000DO0000 (Continuation Passing Style) D00 O000O)
HH o : fact2 9 (fun x -> 10xx) OO OO0
let rec fact2 n k = e J00O0ODD: 0000000000000 ONDNO0OONOOO

if n=0 then k 1 e 0000000000000000000

else
e call/cc (call-with-current-continuation; Scheme, SML/NJ, Ruby)
fact2 (n-1) (fun x -> k (n#x)) e call/cc000000000000000000000000000C
in fact2 10 (fun x -> x) oooooooooooon

fact2 0 fact DOOOOOOO

fact2 10 (fun x -> x)
fact2 9 (fun x -> 10%x)
fact2 8 (fun x -> 10%9*x)

D000 (DooOoO0O00000000000 O000000000000000000 0000 00000 0000000000000000 000000000000000000
[

e JOOOOOOODODODODODODODOODODODD

e 0OODO
e (OD) e MiniML/OCaml DO OO0 int0 bool 0000000000000
0ooo: jo0ooo0oUooOoUooUoooU0ooooooooUooUoooo
) e MLODODOOODDOOOOODOINtD boolDODDODOOODODIDDOO
oE%EODDD(DDDDDDDDDD)DDDDDDDDDDDDDD ooooOoOoO0oOoooooooo

e OCaml OO (100+"abc") 0O ODOD0ODOODOODODOOOD
OO(MMniMLODOOODOOODOOO)DODOOOOOO

o Scheme O call/cc 0 Ruby O yield 0000000000000
goooooooooon

e JI0O0O0O0OOODODODDOODOODOODOOOOOOOODODDOD
gbo0o0o0oooooooooooooooooooOoOOoOOOobD
go0ooooooooooOooOOOCOCbOObObo

000000000000000000 0000 00000 00




O (Type) D O7?

goooooooooOoOoOOOOO0OO0OOoOooooooooooooon
oooooooooo

e 00000 (D0DOOOD)DDOODDOODOOOOOOO
ooo
e JO00OOODOODODODDDOOODODODOO

000000 00000000000000000000000000
ooooo

000000000000000000

000 (ooo)

(fun x— x+1) : int — int

(fun f—(fun x— £f(f(x+1)))) : (int— int)—(int— int)
(fun x— x) : ’a — ’a

(fun f — (fun x— f (f x))) : (Ca — ’a) —» (Ca — ’a)

goo0ooooOo3000o0000oo0ooooo

D000 (DoooOoO00000000000 O000000000000000000 0000 00000

oooooooo

0 (1+"abc") D000DODOO0DODOOODOOOODOOODDO
e J000O(ype)lDDODODODODOODOOOOOOOOOOOOO
ooo

e JO00O0O0OOODODODDOODOOOODOOOOOOOOOOOOO
oooooo

e JO0ODDODUOODOODOODOODDODDOODO
e J0O00ODDOODUOODOODODDODOODOODOODODO
oooooo
000000000 (Type Soundness):

e JJU00DD(D0)0DDLUODLOODLUODDUDDLD (O
00o00o00)00o0DoOoooDoD

D000 (DooOoOo00000000000 O000000000000000000 0000 00000

oooocoooo

Lisp, Scheme, Ruby 0 00O

ooooOooooooo

e J0O00ODDOODUODUOODODDODOODOODOODOO
ooooooooog

e J0O00ODDOODUOODUOODODDODOODOODOODODO

goooooooog

000000000000000000 0000 00000 00

ooooo

000 (atomic type)
o [: int, bool, string
00000: 0000000000 (type constructor) 1000 D000

o [J

e COO:D0DOD (strucut)D OO (union)D 00000 (CO)ODODO
e MLODO: 0000000 (record)J 00000 (variant), 000D
oooooooooboooo

000000000000000000

OO0 vsOOOOOO

0 (1+"abc”)00000O0O0O0OOOOO

e MiniCO MiniMLODODOOODODO (ODDOD)0000000
e CO OCamlOO0OOOOOOUOO(DOO)DDODODODODO

o0o0oooooooooooooDn

e J0OOOODOOOODOOOO
o (00DDDODODDODOD)OODODOOO

100000000000¢ 1000000000¢C 0000 00000 00

oooooono

00D0:00000((Oo0)obOo0O0b0O000000OD0O00000On
gooooooo
e CODOD JavalO DO
e JIID00DUDIDODODUODODUODDOUDDODUDDODOODOOO
0000000000000 oo00ooooooooooooo

0O00:00(b00)0boO00DO00DDO0OO0DO0OODOOOD
gooooooooooooooooooo
e MLO OO HaskellOOO

eMLOODODMOOOODDDOOODODOOODODDOOOODDOOOD
go0o0ooooooooOooooobo

0000000000000000 000000000000000000

000 (Polymorphism)

void swap (int *p, int *q) {
int r;
T = *p; *p = *q; *q = T;

}
swap0 00O (int*) 0000000000 DOOODDOODO

void swap (T *p, T *q) {
T r;
I = 4p; *p = *q; *q = T;
}
for any T.

# let swap (x,y) = (y,%) ;;
- :’a* ’b->’b*x ’a= <fun>

go0ooooooooooooo

D000 (D00O0000000000000 D000000000000000000




mapOd OO0 QOO0

open List;;

let inc x = x + 1;;

map inc [1; 2; 3];;

=> [2; 3; 4]

let addl x = x = "1";;

map addl ["kameyamal"; "yukiyoshil"];;

=> ["kameyamal"; "yukiyoshii"]

mapO0O: (’a => ’b) -> (Pa list -> ’b list)

ooooooooooooo

C/C++ | Lisp | ML,Haskell | Java Ruby, JavaScript
0oo/o0 |00 oo |oo oa oo
DD/DD ooo [} ooad ooo (oo

e 000D0O0DO0O0DO0DDOD
e 0D0:000000000000/000
o 0O0:O00O0ODODO

e 000/00O

e J0D0:00000000D00D0O0O0O0OO0ODOODOODOODOO
o J00: 0000000000000 0OOO0OOOOOOOODCOOO

D000 (DoooOoO00000000000 O000000000000000000 0000 00000

MLO OO OO0 (polymorphic type)

gooooooo0ooooOoo;letboOoO0Boon

let f1 (x,y) = (y,%);;

==> f1l : ’a * ’b -> ’b * ’a

let f4 x = x in ((f4 10), (f4 "abc"))
==> f4 : ’a -> ’a

0000000000 MLOOOOOOOOOODOOOO

(fun f4 -> ((f4 10), (f4 "abc"))) (fun x -> x)
==> type error

D000 (DooOoOo00000000000 O000000000000000000 0000 00000

oooooo

e J0O0O0O0OOODODODDODODODOD

0000000000 parametric polymorphism OO0 O0O0O0O0O0OMLDO
O0ODO0OOHaskelDODODOOODOOO0OOO0OOOOOO Java Generics
00oooOooooooooo

000000000000000000 0000 00000 00

e JODODO:DO0ODDODO
e JODOOO:0DOvsOOOOOOODODODO

000000000000000000

MLO OO OOO (polymorphic type)

mapO0: (a => ’b) -> (’a list -> ’b list)

let inc x = x + 1;;
map inc [1; 2; 3];;
=> [2; 3; 4]

(map0 000 (int -> int) -> (int list -> int list))
let addl x = x ~ "1";;
map addl ["kameyamal"; "yukiyoshil"l;;

=> ["kameyamal"; "yukiyoshil"]

(map 0O OO
(string -> string) -> (string list -> string list))

100000000000¢ 1000000000¢C 0000 00000 00

oooooo

O00OmapO 00 COODOOODOOOOO

e 00 1. int0O0D00O map,string0 0000 mapO0 0000000
ooo

e 002 OvoiddJOO0O0O0 mapd000O0DOO00O0O0D0DOO0O cast
ooo

o 00 3. C++ 0 template 00D M TOOODOO mapO OO OODODO
gooooooooo TOoOOOOOO

010000000000 COOOO0O00O000O0O0OOOODOOD
ooooooooOoobOoObo0oD
00200000000000000000000000000B0O0
g0o0o0o00OO00O00OO0OC0O0O00ObO
003000000000000000D0O00DODOOC/C++00D0D0
gooboooooO0oooOoOoooOoOoobooOoOoO0oboboOoO0booOo0oon
o00o0o0o0oooooOOoOOoOOOODOOOD0O0OD

0000000000000000 000000000000000000
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