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(F50%) BA%L, BRBUCET 2560 0 ORI HANI ST, BIEORGIBUR &8 72 I RIERBEIZE
MINDEHMOLENTOIMITEICEZE INT VS (D F W) BB ICEBRIZEN TV D) BBOLH
CEELURWVEDIZEENBRETH o7~ DF Y T-Fun HANX

re:S+-M:T (x & dom(T))
'Ffunx:S=>M:8->T

(T-Fun)

%%, 22T dom(D) IZ T a0y DEMICENDEEN LB 2EE5THD.
T5bH, MY fun x : nat => fun x : bool => x 2% L,

x :nat,x : bool F x : bool T-VAR
T-FuN

x:nat F fun x : bool => x:bool ->bool T_FUN
F M : nat ->bool => bool B

P, FLTP,

x :nat,x : bool - x : nat T-Var

T-FuN

x :nat F fun x : bool => x: bool ->nat
T-FuN

F M :nat ->bool ->nat

EWVOZEEAREZED ZLIETERW. ERE, Coq T, ZOLIBHEZHEIZILIETEIRW. 22
U, 51O AZ LT,

N € fun x : nat => fun y : bool => y

L9z,

x : nat,y : bool  y : bool T-VaRr

x :nat - fun y : bool => y:bool ->bool
F NN :nat ->bool -> bool

T-FuN
T-FUuN




EVOBREZEEHTLIENTED. (LU, SIBOARE R 2 U /2HR L IEFE -89 2 0»EE
BOT, M & N z2OIDIKFTLERIZZIITEDHEY BV, )
FRkD Z L1, MOEHES ZHEIHWUIOVTHNZD.

2 BMAENMSLAYEELERHY AL

2.1 #X
(types) S, T ==
| natlist
(terms) M,N :=
|  nil
| cons
| match M with nil => Ny | cons & y => N2 end
2.2 &

match nil with nil => N | cons  y => N end — N; (R-MATCHN)

match cons My My with nil => Nj | cons x y => Na[x,y] end — Na[M7y, M>|
(R-MATCHC)

M — M’

match M with nil => N3 | cons  y => N3 end
—+s match M’ with nil => N | cons « y => N3 end

(RC-MATCHL1)

N1—>N{

match M with nil => Nj | cons  y => N3 end
— match M with nil => Ny | cons  y => N2 end

(RC-MATCHL2)

N2—>Né

match M with nil => N3 | cons  y => INg end
— match M with nil => Ny | cons « y => N} end

(RC-MATCHL3)

2.3 EHIFRA
I' - nil : natlist (T-N1L)
I' - cons : nat ->natlist ->natlist (T-Cons)

' M :natlist 'ENy,: T I',x : nat,y : natlist - No: T

(T-MATCHL)
I' F match M with nil => N;j | cons ®« y => Ng end: T




3 System F: > LY EE

R Poly.v TR & S5 8% B (polymorphic function)(BLR15 % LV, 5 &> THMZA4L
T 5 B 1T &k o THHIBINT T A SR HRIR U ZZ5HERR S8 S LS EE (polymorphic A-calculus)
Thd. M7 AXEHIL System F & EFFENT WS, !

System F O (BAERLAF S A & FHEIZH U T D) ABERARILIRIZIE (7102 5 L) ~NDZ% AR 2

fun X : Type => M

CHLEA M T OEA, TUTEZHE VX : Type, T DEATHD.
(325 D) B D B i & MR I B BB S N - IR RIS & > TEHRVNED.

(fun X : Type => M[X]) T — M|[T]

BIBUARIAHR D (BLOD) 518 X WEGIM T TEIHODI L ZA i <AL THS. BRI,
HEZoN7-B8 £ % x ([CEH Y 2 % e PRI

M = fun X : Type => fun f : X->X => fun x: X => £ (f x)
IZOWT,

M nat —— fun f : nat->nat => fun x : nat => f (f x)

M bool — fun f : bool ->bool => fun x : bool => f (f x)

&Y, (BEEIXFE UZED) BRE, ERMEICREL BB E LS.
BUAS O BAGRIZ A ELAT 5 A A5 & [ARRIC

'-=M:T

LOVSHTEING A, MESHIZEROMES o : T 2 TR, BERDES X : Type &3
ZEilBD. F2(5D50) BEECCEBCEH DO DHANIZED 580,
ZAHBEBUC DN T ORI T BLATE
') X :Type-M : T X & dom(T")
'k fun X : Type => M : VX : Type,T

(T-TFuN)

LEZLNG. BERKIIEAONLROENIH DAY, T-FuNHAE L<LUTWE. 20 X 34
TEMBIBD GBI I N R BRI ZBRICE SR 5N D THD. EBE, BEHORILT
D TRUIES

I'M :VX : Type,T[X]
TFMS: T[S

L7 X)) I OREEF#H Y 3 - LA )V A (John Reynolds) & 75 ¥ ADGRBFEHE Y ¥V -1 7 - ¥F—)b (Jean-Yves
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DEDITHY), SHBEBI VX : Type, T X] 2R DL HEH M B S #525¢, X & S (1
BEEMR 2SR (Tabb T[S]) WEo6N5.
Bz, ETEHRLZ_EEHAT SEMOHBIIA T LS BTG EZER T ENTES.

M % fun X: Type => fun f : X->X => fun x : X => £ (f x)
I' < X:Type,f:X->X,x:X->X

I'x:X T
T-APP
T-FuN

TEf.X->x L VAR
I'Ffx: X

T-VAR
'Hf(fx):X
X:Type,f : X->XF fun x: X => f (fx): X->X
X:Type b fun f : X->X => fun x: X => £ (fx): (X—>X)>X->X
F M : VX : Type,(X->X) ->X->X

F M nat : (nat ->nat) ->nat -> nat

PARIZ (BREE EaiEd HIREED & £720) flM 4 System F DEEZ L DD,

I'Hf:X-—>X

T-TApPP

3.1 B, SLYTE, BRE, HOBEX

(types) S, T = X
| S->T
| VX : Type,T
(terms) M, N = x
| funxz:T => M
| My M;
|  fun X : Type => M
| MT
(type environments) T = e
| T,x:T
| T, X : Type
3.2 &
(fun = : T => M[xz]) N — M]|N] (R-BETA)
(fun X : Type => M|[X]) T — M|T] (R-TBETA)

M — M’
fun € : T => M — fun = : T => M’

(RC-Fun)



M — M’

(RC-Appr1)
MN— M'N
N — N’
(RC-AppP2)
M N — M N’
M — M’
(RC-TFUN)
fun X : Type => M — fun X : Type => M’
M — M’
(RC-TAPP)
MT—MT
3.3 BIfFIFHR
(x:Tel)
Tro.T v
'ex:SFM:T (T-Fux)
-FUN
''Ffunx:S=>M:5->T
'-M:S8->T 'EN:S
TFMN:T (T-Ae)
r, X:T FM:T X & dom (T
ype ¢ dom(T') (T-TFux)
'+ fun X : Type => M : VX : Type,T
I'-M : VX : Type, S[X]
(T-TApp)

T'-MT: S[T]

3.4 System F DEERLRME

EE 1 (ARM) EEDHE My, My, M3 (ZxfUT, My —* My 2 My —* M3 251X, &
5 My WIFELEL, Moy —* My 7D Mg —* My NI RVASH

T 2 (REEEE) LM :THD, M — M 551, T M :T Thb.

H M MWHETHD, i, M » s(...(0)...), true, false, fun = : T => M,
fun X : Type => M & UK, fix xz (y:8) : T := M WIN»rDOFKELTVWDE I L%
WD,

TH 3 (BEM) - M : T 5513, M BASIPOETHZ,, M — M 5% M BMiET 3.

TR 4 GREMREMN) M I fix B NS, 2O, TFM : T 95 M — My — My — ---
72 % T D R A M, Ms, ... WEAFAEL 2.



4 System F + B, EHiE YR+ BIFEK

(types) S, T ==
| nat
|  Dbool
| 1listT
(terms) M,N ==
| 0O
| s
| match M with 0 => N7 | S © => N3 end
|  true
| false
| if M then N;j else Na
| nil
| cons
| match M with nil => Nj | cons & y => Ny
| fixax (y:8):T :=M
I‘ [pp—
4.1 &
match 0 with 0 => N7 | S @ => N2 end — N; (R-MATCHZ)
match S M with 0 => N7 | S @ => Nz[z] end — N3[M] (R-MATCHS)
if true then N7 else Ny — INg (R-IrT)
if false then N7 else NNy — N (R-IFF)
match nil T with nil => Nj | cons x y => Na[x,y] — Ni (R-MATCHN)

match cons T' My My with nil => Nj | cons x y => Na[x,y| — Na2[Mi, My]
(R-MATCHC)

(fix ¢ (y : S) : T := Mz,y])) N— M[fix x (y : S) : T := M[z,y], N] (R-F1x)

M — M’

match M with 0 => N7 | S  => N5 end
——s match M’ with 0 => Ny | S  => N> end

(RC-MATCH1)

N1 — N{
match M with 0 => N; | S « => N5 end
—match M with 0 => N | S & => N> end

(RC-MATCH2)



Nz — Né
match M with 0 => N; | S « => N5 end
—match M with 0 => Ny | S & => NJ end

(RC-MATCH3)

M — M’
(RC-IF1)
if M then Njp else No — if M’ then Njp else Ny
Nl — N{
(RC-1F2)
if M then N; else Ny — if M then IN; else N»
N2 — Né
(RC-IF3)
if M then N; else Ny — if M then N; else NN}
M — M’
(RC-Fun)
funx: T => M —fun z: T => M’
M — M’
(RC-FIx)
fixx (y:8):T =M —fixx (y:8): T := M’
4.2 BFFFHRA[
(T-ZERO)
I'-0: nat
(T-Succ)
I' - S : nat ->nat
I' - M : nat '-Ny: T I', x :nat - No : T
(T-MATCH)
I' Fmatch M with 0 => Ny | S => Ny end : T
(T-TRUE)
I' - true : bool
(T-FALSE)
I' - false : bool
' M : bool '-Ny: T I'ENy: T
(T-Ir)
I' - if M then INj else N : T
Lex:S>T, y:S-FM:T
(T-Fix)
THfixxe (y:8) :T :=M:5->T
(T-N1L)

I' - nil:VX : Type,list X



(T-Cons)
I'F cons:VX : Type, X ->1ist X ->1ist X

' M:1list S I'ENy:T 'z :S,y:1list SE No: T

(T-MaTcHL)
I' - match M with nil => N; | cons « y => Na: T



