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Int -> Int
10 (\x -> Xx) "Hello"

10 + 10 | [(+ 10) ‘W' ++ “orld’




DM =R

o ITo—DERIME
"The result is " ++ n
"The result is " ++ show(n)
W) 05 AERTTBEICEES TV BB SHD
RE¥aXhNELTOFHA
maybe :: b -> (a -> b) -> Maybe a -=> b
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Haskell DA D15

Prelude> :t 10
10 22 Num t => t

Prelude> :t "Hello"
"Hello" :: [Char]

Prelude> :t (\x -> x + 10)
(\x => x + 10) :: Num a => a -> a



Egison TDE DA

> (print-type-of 10)
10 :: Integer

> (print-type-of "Hello")
"Hello" :: String

> (print-type-of (lambda [$x] (b.+ x 10)))
(lambda [$x] (b.+ x 10)) :: (Integer -> Integer)
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BRI ZHA+EHDE S
Egison® & {1+ (3 B D — &

I'+ M : Bool I'EM;:T I'EMs:T

TF Gif My My My) T T-Ie

T-COLLECTION

TF (M, M; ... Mn}: {T}

PEC:[S 52 .51 =T I'ENp: S Ik Sy:
't <C Ny Na ... No>: T

Ty ...T'F Ny : Sy

M : T '+ M, : (Matcher T4) I'p: (Pattern T1)

T+ {z1:51,22: S2,..xn : Sp} b M: T T-ABs
'+ (lambda [$z1 $x2 ... $x,] M) : [S1,S2,.0 =T
THFM:[5 8 S0 =T TFN:S TkFS:T D No:Sn,
TF(M N Ny -+ No): T B
CEM Ty TEMy:To o TEMy:Top
TF M My ... M1 : [T1 T .. Tl )
M :T TDkMo:T..TFM,:T

'+ V(I,p) - Ms: T3

App

T-INpDUCTIVEDATA

T F (match-all M; M [p Ms]) : {15}

T-SOMETHING

I' - something : (Matcher T')

T+ pp; : (PPPattern T [Sklx) T'F M, : (Matcher [Silx)
T+ dp;; : (PDPattern T) T+ Vpp(T,ppi) H Vop(L,dpi) b Nij : {LSk]x}

(¥i, §)

T+ (matcher [pp; M; [dpi; Nij1;1:) : (Matcher T)

T-MATCHALL

T-MATCHER

I'_: (Pattern T) T-WILDCARD

mT—PATTERNVARIABLE
'tM:T

——————————T-ValueP
'k ,M: (Pattern T) ValuePattern

' C, : [(Pattern S)) (Pattern S2) (Pattern S,)] — (Pattern T)
T+ M : (Pattern S7) T+ V(I', My) & M : (Pattern Sp)
I+ V(I, M) + V(T + V(I',My)), M2) b Ms : (Pattern S3)

'+ V(T,My) +H -+ VI +H V(I,M)+H -+ ,Mp_1) F M, : (Pattern S,)
T-INDUCTIVEPATTERN

'k <Cp My My ... Myp,> : (Pattern T')

Primitive pattern pattern:

T-PATTERNHOLE

'+ $: (PPPattern T [T1])

T-VALUEPATTERNPATTERN
T+ ,$z: (PPPattern T [1)
PECpp: [T T2 .. TW]1 - T '+ pp; : (PPPattern T; S;)

T-INDUCTIVEPATTERNPATTERN
T+ <Cpp ppi>: : (PPPattern T %;5;) ‘ :
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AKDEDeTTHBEMIFRAZHAEOELLARADNEFRETS L

(lambda [$x] (b.+ x 10)): Integer -> Integer

-+ b.+: [Integer Integer] — Integer 1-Var -+ : Integer 1-Var +++ 10 : Integer E_ZUM
{b.+: [Integer Integer] — Integer} ++ {x : Integer} - (b.+ x 10) : Integer A AP
-ABS

{b.+: [Integer Integer] — Integer} I |(lambda [$x] (b.+ x 10)) : Integer — Integer
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e Pattern, Matcher&x 1k > 7=
Pattern’*'J PPPatternfl, PDPatternf!, Matcherf! B
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EgisonDEI—&

Types
S,T ::= X | I | String | Integer | Bool

T — T
| [T T ..]
(T}
| (Pattern T)
| (PPPattern T T)
| (PDPattern T)
| (Matcher T)
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EgisonD&—&

Types
S, T

BE

X5 E

= X | I ||String

T — T
[T T ..]

T}

(Pattern T')

| Integer | Bool

| (PPPattern T T)

| (PDPattern T)
| (Matcher T)

String




EgisonDH—&

Types

S, T :

By

:= X | I | String ||Integer

T — T

[T T ..]

(7}

(Pattern 1)

| (PPPattern T T)
| (PDPattern T)

| (Matcher T)

| Bool

51




EgisonDH—&

Types

S, T ::= X | I | String | Integer |

T — T
[T T ..]

T}

(Pattern T')

J—)L 8

| (PPPattern T T)

| (PDPattern T)

| (Matcher T)

Bool

51




EgisonDAEI—&

Types 1
S, T =X %iﬁ&uﬁi ing | Integer | Bool
|T—>T (lambda [$x] (b.+ x 10))
(TT ..] :: (Integer -> Integer)
{T'}

(Pattern 7))
(PPPattern T T)
(PDPattern T')
(Matcher T')
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EgisonDH—&

Types
S, T ::= X T'°+“"“g| Integer | Bool

T 27 )L HY

(1T ..]
(7}
(Pattern 1)
(PPPattern 1" T)
(PDPattern T')
(Matcher 1)

51

[10 2] =
[ Integer Integer|]
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EgisonDH—&

Types

S, T ::= X | I | String | Integer | Bool

|T_\"F

szbbvazi
{T}

(Pattern T°)
| (PPPattern T T)
| (PDPattern T)

| (Matcher T)

51

{42 1}

{Integer}
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EgisonDH—&

Types Bl
S,T ::= X | I | String | Integer | Bool _
pair ::
| T —T ([ (Pattern Integer) (Pattern Integer))]
(T T ... -> (Pattern PairII))
" PatternZ!
{T'}
(Pattern 1)

| (PPPattern T T)
| (PDPattern T)
| (Matcher T)
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EgisonDEI—&

Typ es 15”

S,T ::= X | I | String | Integer | Bool
T —T
[T T ..]

{T}
(Patter,—
(PPPattern 1'T')

(PDPattern T")
(Matcher T')
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EgisonDEI—&

Types 3l
S,T ::= X | I | String | Integer | Bool

T —T

[T T ..]

T}

(Patter
(PDPattern T')
(Matcher 1)
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EgisonDH—&

Types
S,T ::= X | I | String | Integer | Bool
T — T
(77T ..]
(T}
(Pattern 7))
(PPPattemmm™ ™
(PDPatter: ‘{?:)V i

(Matcher T')

something ::
(Matcher a)
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EgisonDH—&

Types

S, T ::=|X|| I | String | Lnteger | Bool

T — T
[T T ..]

T}

(PPPattern

(Matcher T')

T

(Pattern T')

T7T)

(PDPattern 1)

something
(Matcher




EgisonDEI—&

Types

S, T ::= X ||I| String | Integer | Bool
T —T

[T T ..]

{T}

(Pattern

(PPPatter
(PDPattern
(Matcher T)

51

Pair ::
([Integer Integer] ->

PairII
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o mmruInysLoce
[+ [0

FI—iﬁ,FOD_F'CIEMLﬁE THi <] &&ED

I'FM;:Bool TI'FMy:T T'FMs:T
F|_(if M1 M2 M‘g) T-

T-1F
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T-STR (XZFIOE T FHRE)

T-STR
'~ s:String >

{58 F 31

T-STR

e - "Hello" : StringJ

T-STR

{x : Integer} - "World!" : String

26




T-1F (f=XB i 388))
F|_M1:BOO]_ F|_M2T F|_M3T

Fl_(ifMl M2 Mg)ZT

{58 FH 31

T-1F

€ - true : Bool

T-Boor €= 10 : Integer T-Nom

€ - 20 : Integer

e = (if true 10 20) : Integer

T-NumMm
T-1F

2]



T'- ABS (lambdaftigd &t 332 81)

D'+ {x1:S1,22:52, ..k : Sp}EFM: T
I' - (lambda [$z1 $x2 ... $x,] M) : [S1,52,...] =T

{58 FH 31

T-ABS

T-App

{b.+: [Integer Integer] — Integer} -+ {x : Integer}F (b.+ x 10) : Integer A
-ABS

{b.+: [Integer Integer] — Integer}F (lambda [$x] (b.+ x 10)) : [Integer] — Integer
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T-INDUCTIVEPATTERN

'+ Cp: [(Pattern S;) (Pattern S2) --- (Pattern S,)] — (Pattern T)
'+ M; : (Pattern S1) I+ V(I', M1) = M3 : (Pattern S3)
T 4+ V(T, M) 4 V(T ++ V(T, My)), Ms) - Ms : (Pattern Ss)

r—+vo,mMm)+H ---+H+VIE+H+ VI,M)+H -+, Mp_1)F M, : (Pattern S,)
T-INDUCTIVEPATTERN

I'<Cp My My ... My>: (Pattern T)




KRBT — 5B T 2 /89— Df)

> (match-all
<PairII 10 20>
(unordered-PairII integer)
[<palirII $x Sy>| x])
{10 20}

Pattern Pairll
30



T-INDUCTIVEPATTERN (XAt EMEIZ 7 > 7= D H?

RN — U DNRR TS — 2 OEBDBEMERE L EH
pairPP ::
([ (Pattern PairII) (Pattern PairII)]
-> (Pattern PairPP))

<pairPP <pairII [$x

onn

<pairII Sy

31




T-INDUCTIVEPATTERND &5

HRBYAZRSEBERR LGP SRFICEH ZEML TWL

alrII

/

i%iﬁt € >paerP

/
!

palrII

$Y\’X

““léélenteger}

/ \ _,_!{x : Integer,y : Integer}

{z: Integer}

{x Integer}

{x : Integer,y : Integer}
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T-INDUCTIVEPATTERND &5

HRBYAZRSEBERR LGP SRFICEH ZEML TWL

alrII

/

i%iﬁt € >paerP

/
!

palrII

$Y\’X

““léélenteger}

/ \ _,_!{x : Integer,y : Integer}

{z: Integer}

{x Integer}

{x : Integer,y : Integer}
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T-MATCHER

I' - pp; : (PPPattern T [Sklx) I' = M; : (Matcher [Sklg)

'+ dpij : (PDPattern 1)) I' + VPP(F,ppi) ++ VDP(F, dpi) H Nij : {[Sk] k} (VZ,]) T-MATCHER

I' = (matcher [pp; M; [dp;; Nij1;1;) : (Matcher 1)




T-MATCHER |30 tREM IC R > T=DHN?
R EROR A ER

(define Sunordered-Pair

(lambda [$a]
(matcher {[<pairII $ $> [a a]
{[<pairII $x $y> {[x y] [y x]}1}1)))

P
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S5Z0nN-IHORZH@mIT S Y I T
AR B(FOT S L)

‘ (lambda [$x] (b.+ x 10)

) B TS — !
(Integer -> Integer)
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BIMRED 7 JL T 1) X L(Hindley-Milner)

o BUFIFHRAIZTHI L EICFHD
o IMLIWVWEZAIFRICEEHZEWNT, BTHIIZH <

AR B(TOT3S L)

‘ (lambda [$x] (b.+ x 10)
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BIMRED 7 JL T 1) X L(Hindley-Milner)

o BUFIFHRAIZTHI L EICFHD
o IMLIWVWEZAIFRICEEHZEWNT, BTHIIZH <

AR B(TOT3S L)

‘ (lambda [$x] (b.+ x 10)

RICEZHa bZES

T-A
{b.+: [Integer Integer] — Integer} (lambda [$x] (b.+ x 10)) :|a — 0| BS
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BIMRED 7 JL T 1) X L(Hindley-Milner)

o BUFIFHRAIZTHI L EICFHD
o ML WVWEZAHIIREHNZEWVWT, BTHINZ#EL

AR B(TOT3S L)

‘ (lambda [$x] (b.+ x 10)

T-APP

{b.+: [Integer Integer] — Integer} -+ {z:a}F (b.+ x 10) :b oA
-ABS

{b.+: [Integer Integer] — Integer} - (lambda [$x] (b.+ x 10)) :a — b
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BIMRED 7 JL T 1) X L(Hindley-Milner)

o BUFIFHRAIZTHI L EICFHD
o ML WVWEZAHIIREHNZEWVWT, BTHINZ#EL

AR B(TOT3S L)

‘ (lambda [$x] (b.+ x 10)

e I— b.+: [Integer Integer] SN Integer T_VAR e |_ €T . Q T_VAR .. }_ ]_O . Integer g_iUM
-APP

{b.+: [Integer Integer] — Integer}++ {x:a}hF (b.+ x 10) : b
b.+: [Integer Integer] — Integer} - (lambda [$x] (b.+ x 10)) :a — b
g g g

T-ABS
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BIMRED 7 JL T 1) X L(Hindley-Milner)

o BUFIFHRAIZTHI L EICFHD
o ML WVWEZAHIIREHNZEWVWT, BTHINZ#EL

AR B(TOT3S L)

‘ (lambda [$x] (b.+ x 10)
abldInteger & oH %

- m_ -
-+ Fb.+: [Integer Integer] — Integer T-VAR B :@ FEVAR .-} 10 : Integer $ iUM
-ApPP

{b.+: [Integer Integer] — Integer} + {z:a}F (b.+ x 10) :[b]
{b.+: [Integer Integer] — Integer}t (lambda [$x] (b.+ x 10)) :a — b

T-ABS
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BIMRED 7 JL T 1) X L(Hindley-Milner)

o BUFIFHRAIZTHI L EICFHD
o ML WVWEZAHIIREHNZEWVWT, BTHINZ#EL

AR B(TOT3S L)

‘ (lambda [$x] (b.+ x 10)

-+ FDb.+: [Integer Integer] — Integer T-Var ---Fx : Integer T-Var ---F10: Integer g_iUM
-APP

{b.+: [Integer Integer] — Integer} ++ {z : Integer} - (b.+ x 10) : Integer A
{b.+: [Integer Integer] — Integer}  (lambda [$x] (b.+ x 10)) : Integer — Integer Bs

43



BIMRED 7 JL T 1) X L(Hindley-Milner)

o BUFIFHRAIZTHI L EICFHD
o ML WVWEZAHIIREHNZEWVWT, BTHINZ#EL

AR B(TOT3S L)

‘ (lambda [$x] (b.+ x 10) AHE N

04> L0H

-+ b.+: [Integer Integer] — Integer T-Var ---Fx : Integer T-Var =10 : Integer g_iUM
-APP

{b.+: [Integer Integer] — Integer} ++ {z : Integer}  (b.+ x 10) : | iteger A
{b.+: [Integer Integer] — Integer}t (lambda [$x] (b.+ x 10)) :[Integer — Integer| “ABS
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Typed EgisonD{E W7

o XROWAEHEND
> (print-type-of (lambda [$x] (b.+ x 10)))
(lambda [$x] (b.+ x 10)) :: (Integer -> Integer)

o REHWT—49BEDIVAINSVFE
SNIGg 2N —V VRN VI ETERT 2
> (define-ADT PairII <PairII Integer Integer>)

OAYv2AMNS249 PairII ey —>ravrRhS5o4 pairll
NEZ=N3
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o AR LDEEELE LTHRIASINAEZTLDICEEZDIFZDITKRE
o FE(FAnyElH A > TLWTConsistencyl¥FWRE LU THRIKREA T 3

o T+ RAMEALAWGradual Typing > IFWRL?
e [Matcher T Matcher T]A*Macther [T T]
ICE I N B LD H YRS KRE
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