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B E BEERSEREREARRIE, ETRCREI NS Y 7 Y 2 7T ENOEERHIZIE,
ARy 7D pop BMAEIFIELEA X Yy 7 &BIEE T8, E\WoTz, Bl T3 Z 5
WillFI S t—%, & (35 ) B (refinement type) & U CHHYEIEHRIZ RN BT
WARIMEHEARRTH 5. BN ZREIRRR TOEITIARE I RIZ W (F ¥ A b)) 12X
DEBINE. »

AWISE T I3 BB & FIRBIECE & D BEERZRET RS Fi ics v, R
BIZHLHUOEDF Y A N THBT v 7HF v A MHBREARETH S Z %, FiX Ofgm
A SRS ME & Z ot Ui 2 Gm BB R 2 52, 7 v 7F v X b L EEREED Gn LR
RIZHB I L %ZFEHT 5 & TRT.

1 EL®HIC

T T AR 77 2R v ITIE, BEEIEO TSI LARELORSEENA THFL
W] Z ek SND, SURSEMME [10] 1787 I 470 1FLX] 2ROTEKO T, £O
&5 7a S AXRTHRAU LS ICIRSEES 70 s 5 L0 0EGREEDLTWS. RiEflzeo
EENEH I NDHIHRD 7077 LAREDPXREMTHNIE, T07 7 LAREKRORBEBEVELEZDZ
i, TNOERBIBIENTES. LEL2070ur I LADPXREMTHEZ & %2RT
7=HIIE, ENSIIINT S HEE] 070 s I AXREZERL B TERSd, HETOT I LK
DMRSEMME Z RS Z L IERETH 5. £ CXURSFEMiMEZ R THEEE UT, #IICRMIT I NS
TH7T IV EFETIEGRERER [12] LW BRI O WTIRNIICER S N2 70 27 5 LK O I8
RBHAVS NG, XAREAMMEL GREERERZ2 G AT 5 2 LANEHTE L, fEEEMRE W TR
KT T T DR PXIREMTH B e 2 RTIENTES.

BEER LG RAAR R A (6, 8] 1, FEATRHIMEIND Y 7 b7 = 72 OB H—HIZIX, AXv
2D pop BAEIZIEZEA Ry 7 2B LT 5, L\Worz, BHAMTIRER S NRWEIRISEME 23,
fili (52 ) B (refinement type) & U CTHRIFRIZHRINICEHN T WS RAFIRARRTH 5. B
TERIELR R AR R TORITRARE IZ AW (F ¥ A M) Ik W FEHI L. N\ ISR % il x
“GHEARR Fy [1] TIESABBER T < To DD & &, Ty OHZ Ty L ULTHEHD 720121
Ty 226 Ty NDOF XY AN EFATEHEND LD, HARBEBRPKONLDE SR Ty D25 Th ~D
Fr AMILBETHREIBTRINTEEZO6NS.

Z ZTARMIZETIE, SR & IR E & ARG RAR Fi o) sl e U
T, WMAMBER Ty < To DO NED LRI Ty ORI Ty ADF Y ARNTHBT Y THF ¥ AN
REARETH DI L%, Ty 7F vy A M 2EFEK! CEEHMATE 0 Y I LA2KDOIRSFEVD
BOORWIEEMHTEIETRT. 20707 I L/ 2KBLTE T0S 7 LALKROIRS 5
WHZEL R WZ 2RI, ZNOBXREMTH D Z L2 R_EE+aTH S, —MICHHRHE
ST RE M 2 71 25 LR U Z e RS N E R, Fix oxeOIRE il 2 %

TEE Gl fun g T2 WHLTERSNBEE Ty — T ZHTHE72, ARTIRI O & S B8 ESEN
FESAH, HkE LTI AaEGHhEEADZILNTES.



L72WT Yy 77Xy A N SEGEEBICRAI U Z 15 Z L IXTERN. ZTO72OARMFETIL, BEAFRNM
o200 7a s I LAREPEED IO ST LAXRO FTHRU &SIk 8\, 2o —Ho A
T LFIEBT UH R ARE TR K TH X W BIA SUIRSEMINE 2 & WS BIfRE WS, ARiF5ET
1, BEREREED &S RHEAR TUREMME N U TSR HREEREZ S XD THETHD TT
BAEL [11] % A\ T IR STARSEM MR 126 U T2 2R 2 B L, T v 7% v A b L EHERK
DRHEBGRICH B Z 2 2R T, MR P LT, S9N SRS AMME 2 B2 STIRSEAE &0 5.
AFEORBBIIATOEY TH 5. 2 HICTIEAME T FSFHEAR TN 2B AT 5. 3 HiTlk
Fix 0 SUIREMPEIC DWW THIA L, 4 HiTlk Fix OmBEGRE TOMEIZOWTHRRS, 5 #iTlk
WMHEBREHVWT T Y T¥ Y A MDBRETEL 2L 2R, 6 HiTRHENEREIZOWTELRT S, &
BT T HiCIEAIEORRE L LD 5.

ARETIHES X OEESE P(X), G f OEHRERE dom(f) L RDOT. L4 f, g ot
THEH%E fogll, B fg ZIRDEIIEHT 5.

f o) = g(x) (x € dom(g) DEH)
f(z) (z ¢ dom(g) DHE)

AFTIFRAEOHE LWL OPDEHREZEBIEL T\, HELRERZ2HEZ 7V 3=V 3 VB
D URL »5HGETE 5.

http://www.sato.kuis.kyoto-u.ac. jp/~t-sekiym/papers/fh-upcast/full.pdf

2 BBTEMEMEE Fix

2.1 i

SRR PN ISBEERZERETBRR M (6, 8] ~NZAHBESRL & N 2 725t B4R R F [1] 1oL, &
SIZHIRBEISZEALUEEERTH B.

MNFIRIY 257 D2 X 2 HIE L, B (F v 2 M) 12 & 2 ETHRE % fif 2 723 RARR T,
FTRITRESI NG Y 7 b Y 2 7 R OEIRZ L2 W TEHIIERE L TRBITHZ 2 TE
5. Bt {o:T | e} EEW 2, BT, BHMHEHNOE ¢ oMKk INLRT, B T O v D55,
elv/z] PEIZFHEI N2 X5 2L DDEEE2ELTITH S, HIZIXEEA Int & Int LD HIH
BT < 2HVS Y, FEEHEERDT {2:nt|0 < 2} FEITB. F72 M ITIRIEBEER R
L. ARFBER 0Ty — To Wk 22Ty — Ty OfEHN Ty OfF v ITEHAIND L Ty [v/2z] DIEZIKT,
EWH T EROLIMTHD., EFHBIEZAVWS L, BIZIFBERIZEHAINSEZN XD KER
BRSO Z v:int — {y:Int| 2 <y} LELI LN TES.

EAMRIORAZ 2T Z 21, FYANEBHOTHERT S, FYAN (T = Ty) i Ty OfF
WEHEND L, TOMED Ty LUTIRSES 22BN TEL0E2RET 5. RE ISR TIZEAS
Wy, RETBEHMN BRETS. IEZFY AT LIINESNETALT, £F v A MIIET
NENERDTNUNREZ 5N, KBMUEZFYy AMEIICE->THBITEZ20TES. fllz L
T, BERD S EEBERADF ¥ A b (Int = {z:nt|0< 2} IZDOWTHEZXS. B 51E0<5
DD N D728, 5 IXIERBEA L UTIR2ES 2V TE 5. T4bb,

(Int = {zInt]0 <z} )5 —*5
LB, —F, BEOIITRLUTIE 0 <0 ER D20z, EREIIADX v 2 MIEBL, H4i

I BFET B,
(Int = {z:Int|0 <z} )0 —* 11

2GS R SCIRSGAME 1O TR DS 0 3L 72 70\ 7= DIRIESE 72 %, BUAHY AT REZR 7’0 275 A RZ IRAULTEERIfR & 70 5.



~ x| ~Cr (T = ) ~funo: Ty 2
Fu | O O
FF OO O O

& 1. Belo 5 [1] 12 & B 155 HE & O Mg

E7-, IEBEBEPHMUMOXF v A NEIT5 2L HHETH S [6, 8, 1].

Fy & M ICZ BB 2 N2 723t BRR TH 5. SHBEEIL % W % & EER & ARIFF T 2 5
BlT5Ze0TE, FHEMUKGENRZHAGDOE S Z L TEY a— VO ERHRMOKRFE L
THIEFRICHOAL Z e L b, 2 kD, BIZIET —XEEDA R Yy 7 2RDOTE
Y a—)V T, pop BAEIFIHEZEDA Ry ZIZEITHEHAWRETH S I L2 RITLHI LN TES. %
72 M CIEFHEARIZ U TR M2 ERT DI DN TE O L, Fy TIRAIZEECCHRZREE
M Y OEEOMEZHWTHMZEZETHIeNTES. FIZIE N TEBTLZNTERDL-
7z {z:a | true} X {f:(x:Int — Bool) | f 0} 2 ¥ DEHILIE Fy TIXARLITH 5.

Fu TRATEILETZ 7075 AL0ELIENTERVY, FiX CRHREREZEALLZIE
kD, BIZIEY A NDOREZZRKD D X S 2B length : Va. o List — Int 25dh T 52 22 TE,
ZThEHWS &V A NOKEAEEME append 2ET Y A MDEIBEARNEDOY A N DEX ORIZHE
LW Worz k528Gl E, ROLDICKETEZ 2 mReL 5.

append : V. z:a List — y:av List — {z:«v List | length « z = length vz + length a y }

M ORUHF AN, HORBAGR Ty <: Th RO & Ty DIEZE T, DIHE L THKS Z &
% FF 3B (subsumption rule) 28 5. ZD7OHIZIE, B 2Ty — Ty OIS f 28 T3 ©
v \EHST 256, Ts B Ty O THUE v 1 Ty ODEE BT IR TE57720, B
WA fo IZBZ MBI N TES. —F Fy CTIREHREERRD® A X M % ERI2 9 2 720 BAHT
FLHNZ subsumption rule Z & A TWARW., ZD720 f & v IZ X BBEBCEMICRL Z 1T 5 7-0121%
TvTERYAREHAVT f( Tz = Ty )lov) &EDRITNELST, v I L THTHRINT HE
TRREZ1TS Z 212725, Belo SIEZDESRT Y THXF Y A NDOFANR T T T T LADHIRD TN
WELLWIE, Ty 7XF vy AL CEEHBDXREMTH S Z L Z2EHT LI L TREI EL
7. BARMIZIE Fy 1o 2BBR 2 EH L, 7y 7F v A b ESEE HEBERICIHDL L
ZmU7z. LA U Belo 5 IdinBRE R & SUIREAMM: & OBRIZOVWTHEICHERmL TE 5T, £z
Belo 523 % U 72 i B BGR D SUIRSEMME (2 0 U TR TH D Z e 2 R_TZ L IXREETH B Z 223D
mo7z. Knowles 5 [8] 5 M IZBWVWTT v ¥ ¥ A MEFHALTH 70T T ARKRORD FNH
BHOoRNWI L 2RI O, XREMMECN U CemmiEEfRE 52 L5 & U, /Mo
SEHHADI AR R TH D Z L DEH S & Knowles 5 & DIEAARKZRR D & DIZ & > THERI L=,

ARl Fix OSCIREMIN: ~ & F o U2 2mBpG ~ 252, 20 ETmBlBERIc
Ty TxFy AN CHEHEREEREEINE I ERTILIZLD, Ty TF Y A N RESEEBICE S
ZTHE 70T I LABEROIRBENPEDLSRNWI L2 RT. AiigEE, Belo 512&->T Fy 1220
TRINER DI ZK 1 ITRT.

2.2 X

Fix ofczM 1R d. H, f, MeRbTAZERELTENET N e, v, T ZHV5.

HRR B I3 EMBET Bool 28 A, B DEBDEEE Ky L35, BAMIZ o ZHWTRDT.
FREBI 2: Ty — To 138 Ty o8 Ty ~NOBEBORIT, 2 13 Ty ETHREINTVWER T DL
ThHb. Ty llas WHEIZHELRWE E, BIZ T - Ty, &EL. Vo T IXEMHBERRT, BIZH o
& T CTHREIN TV, §ill {2:T e} OIH e 138 T OZH 2 WHEHIZHIT 2L DTE D EH



Bool | ...
Blalz:Ty —» Ty |Va. T | {z:T|e}

=N R

BREd
w= e |D,o:T |«
H
v = z|k|funf(z:Ty). e:To|Aa.v|Aaletz = vain (T = T s|(Th = Ty)
e u= v|op(vl, ..,vn) vt | v T | {o:T1|er}, e0,0) | let 2= er in ex | i
A SR
E = [J|E[letz=[]ine]|E[{{z:T|e},[],v)']

M 1. Fix offx

AR DIHT, KL WD, E-HELRERIZEIRT 50, MRIOIMIDRIAZ 2T RN 2B 2K
B % unref &3 5. HlA I unref ({2:{y:(Bool — {w:Bool | e3}) | e2} | e1}) = Bool — {w:Bool | e3}
L35, MEET ZEARLHBORTY o T LMEZH o OHIT, ZHPUEHIELEL 2V OL
5.

ZRE z, y, 2 TROT. BEBHIR fun f(z: T1). e: To (38 Ty o8 Ty ~OFHIFEKT,
z EGIBUTIG T 22, [ FBEBHIRAS 2 RO ITEKT, Ldile LTHMEIND. AW,
BIBHIRPMEITEA S 2B, e LOZEf ICBEBMRBESERATH I L TEHREINS. [ 2
e ICHHIZHBELZRWE X Ty BIHONTHAH L EREE, fune: Th.e: Ty Xfunz: Th. e &
L BMR Aa. v ORKIZMEIZHIRINTE Y, BiliR Aa. let s = vain(Th = Tr)z
EZAHBEBIMOF ¥ A b (Va. Ty = Va. Ty ) 2 o [ZEH L ZBOEERERDLTW
5. ZHo ORHROAREIZE T HHIRIE ML OEZFIZHIGLTWA., let Alet £ = e in ey 1T
B oz, e, e PORKIN, 213 e ETHEMEINTWS.

ER k IZFEARRIOMET, Bool DIH true, false &%, op IXFFEARIIN T 2% 5% G AR
ADEET T, op DEKIE [op] IZ&>TEHEASNS. k, op DIIFPHUMADEL ty 2 HW
Tty(k), ty(op) &FE, ty(op) FHMHOKEREE N 2 - Ty —» .. - 2, : T, » T IZREZ N
5. ty(k), ty(op)=a1: Ty = .. »xy: Ty — TIZDOWTIX, ZNEN I B. unref (ty (k)) = B,
IB. unref (T;) = B DD LD, £72 k IE ty (k) ICHHRT 22 TORHZZT & 5 24HT, [op]
1% op DFIFIZ LD UEIIF LT, DOEDEZDAERIN, [op] PEVEIZI op DE
DM ZNIT S Z R TEHHDET B,

FYAR(T = To) 38 Ty o8 Ty ~OBT, o CHEHINDE o 2 T, & LT
REEZ D2 RAEL, RECTIIIHIS N DFET S, Ty 28 {2:T|e} 328, v ¥ T Offi
EUTHRDHES ZENTE, D elv/z] DFHUEFERD true 1278258 &, vid {z:T|e} & LTS
TOZLNTEZ. o BT LUTRIEADZDEFY AN Ty = T Lo THRTHZ e
TE&5. £/ elv/z] OFHMEFERZRET 2720012, Fv 2 NOFEMAIIRIRE {2:T | e}, e, v)!
IZfIE NG, e 1T elv/z] BUKIEENEZMHILZIHT, e A true IZHRNIXRIRA L o (T3
flix 4, false IZZRAUZHIS N DFET D, RIIRETOME 1L Fix QRSN 2R T 2OICHE
L5, R Aa.letz = vain( Ty = Tz, RIRE {2:T1| e}, e, v), BIS 11X
V=270 7T MITHEET, HOFERIZOALRT SHTH 5.

H e IZHHENZHIB T B2 (£ 7213 EE) DEAE FV (e) (X72IEFTV (e)) & L, e ITHT 52
(F72FBIZE) 21, oy (F720F oy ) N vy, v, (72038 T, L T)) % capture avoiding (24X
AUTHRONDIHE e v /11, . v/, (£720F e[T1/aq, .., Tn/ay)) ERDT. £72, FV(e) =10
DDOFTV(e) =0 THE LI e U ZIHEIFY, o B U CHRMEAREIZFR UL AT



BUZDOWTEFARTH 5.

FEMESCR [4) 1FHEZFER T 2 E0HZ EO XS RIEE T, L EDOMAEEZFAMT 5D % 5
ZTWa. FHMiSURDIN ([]) RS N R EHEMEE S NS G2 Kb 3. 7 HMUN D3 IH
MO I NS & DAL let N&RHMEDOAT, BEEBCEN, ALEHZZ E O HEITMEZ IR
EINTWD. DL EOEHSE» SR I N HOBENERREZ EHRT 272012, HOERX
FRIZDOWTENT NG ARZE HE T 2 5D H 505, AR5 CIXFHMSUIROFEEZ # S $720
12 1let NZ&2HWTEHAEDOFMIER Z2HRTEE51ICLTWS, HlzIE—KkNxT L XEEICET
HEEBCEA e ey 1T F%X Tldletz=einlety=einzy ERHEINS.

2.3 BRIEMEDRER

EIFOTH Uiz & 5 Fi o EkaGR 2 X 2 1R

PRI €1 ~ en 13TH e ZIH e NENT IHAITH S, FEFBRNICOWTIX, BIBGE %R
WT Fy ODHDLFRTHBH720, FLLSIE[1] 22Nz, (R.OP) I op IZH L THEAX
NHHAITHS. (RBETA)(F721% (R.TBETAL), (R.TBETA2)) (&BIBGHEA (F 72 138L#EH) T,
BB (F 7213 BLHIG) OARMRITHBLT 22880 (£ 7213 BILE) 2 L BBHR B S (F72138]) T
B 5. (RLET) & let XK Z2HT2720DHAITH 5.

(R_REFL), (R-FuN), (R-FoRALL) ¥z Zn[[ URL, KAEREEHE, ZHBEBIELOMOF ¥ 2
b I U 72 BIC W B R BIRIC, (R_CHECK), (R_FORGET), (R_PRECHECK) l&¥ ¥ X
FEdH ULLIEF v A NEDRMBHMTH S & ITHAI NS, Fix Cifiiilzs Wiz o< 3
ZENTEL70, RAMEE AWV TEBOREORMMAE %175 720 DA (R_.CHECK) IZIMA T,
FYAPLEF v A MNEOFEZ —BREILE%E LT (R.IFORGET), (R.PRECHECK) AT L7725,
(R-OK), (R-Famw) ZZNZNRMRED L, KBL 755 ITHEH S W5 fHHAITH 5.

2D e — ey IFEDFMHIIT, — ORFWHEBWHALEZ —* 235, (E_RED) IZ3FHi
BRI 2 G ET 522 2RLTED, (E_BLAME) IZBIAHFEA U 72 B 5#E H & 2 5 31
BAIT, BIADPRAET D EHBEP B ITHIAANTHEI TSNS Z 22RO LTS, (E_COMPAT)
T E A T 2 720 OBAITH 5.

2 DEBRBED=DDER e |, effl, e] IFFHHiFEREZRDLTWVWD. el IF e PMEIZFHM S 17z
ZEeERLTHED, el ide BBIM NLIZFHIEINAZZEE2RDLTWAS. £72 e 1 e B stuck
RE&IZ, Thbb e OFHEPMETEHISNTEL R WVREBTHFILLAZZ L 2R TEKRTHS.

2.4 BT A

Fix oMY 25 NIMHEHBUICERZSNZZDO0HM T, THT, Tke: ThSHKEH
5. F T I3BERES T 2% well-formed THD I L ZRTHMWT, TF TIIREE T O FTHRL T 8
well-formed THAHZ L ZRTHIMTHSD. £/ The: T IFRERBE T O FNTIH e 128 T 23 <
s TH LS. Tno Yl EH T SR Z M 3 1TRY. HERROZ <X Fy O
LEDQLFAKRTHZ7-0, FHULIE ] 23R I N0, R CTIERHZERTIREHANIOWTET
s 5.

(WF _REFINE) (& {z: T | e} 7% well-formed TH 5 Z & 2B LT 5720DHHITHS. {2:T | e}
7% well-formed TH B 7-0121%, TN2MEKT SEL T 2 well-formed TRITNIER 5T, £7z e lE
BT Oz BWEBICHEBT 2 EBEROIHLDT, eld z: T ZMAZREREED FT Bool #l
2T SN RIT IR SR,

(T_BLAME) [XBIAMZ AT 2 BT HAITH 5. BISMIHO M I HET 2720, ZORILE
CTWRL TR, (T_As) IFBEEHSICHN U CHEH I N2 BT HAIT, BIBEHR O ARKIE
I8 x CBEBHIRE S 2 ROTER f 2 A -BREDO FCTRAAIT I NS, F72BEHEIA<
BUSHAZBEE T, Ty (i f IEHBE L2V, (T_LET) X let ROZZDDRIMIFHAITH S, e D



op (vi, ..,vn) ~> [op] (vi, .., vp) (R_Op)

(fun f(z: Th). e: To)v ~» e[fun f(z: Th). e: To/f,v/z] (R_BETA)

(Aa. v) T~ v[T/a] (R-TBETAL)

(Aa.letz = vain (T = To)la)T ~ (etx=vain (T = Ty ) z)[T/a] (R_.TBETA2)
(T = T)v ~ v (R_REFL)

(2:Ty1 = Tie = y:Tor — Tz )lv ~ (R_FuN)

fun y : To. Iet$:<T21 = Ty )lyin Ietz:vxin<T12 = T22>ZZZT22

(72720 z # y 7D z is a fresh variable)

(Va. T = Va. Ty)v ~ Aa.letz = vain (T = Tz (R_FORALL)
(772U Va. Ty #Va. T, 7D z is a fresh variable)

(T = {o:T|e} Vv ~ {z:T]|e}, e[v/z],v)! (R-CHECK)
({z:T1 e} = Todto ~ (T = Tp)lw (R_FORGET)
(72720 To £ {x:Ti|er} D To # {y{z:T1| e1}] e2})

(T = {z:Ta]e})v ~ (R_.PRECHECK)

|ety:< T = Ty >lvin<T2 = {$3T2|€2} >ly

(72720 Ty WEERLTIER <, Ty # Ty 7D y is a fresh variable)
({z:T | e}, true, v)!  ~ v (R-OK)
{x:T | e}, false, )t ~ 1 (R_FAIL)
letz=vine ~ elv/z] (R_LET)
e — €2
€1 ~ €9 E#H el — €9 Vl.€27éﬂl
— E_ ——— EB E_
p——— RED B — 1l LAME Fla]—Ele] COMPAT
[ed] [et] [ed]
e —* v e —* 1
——— TERM_VAL ———— TERM_BLAME
el el
e—*e e Yv.e v Ve #EA
W TERM_STUCK
e

2. Fi 0 /e

BTy 23R Ty DA ¢ WHBICHET 2 Z MR TES. let RAEADOHNI Ty D 2 % ¢ Tt
BLEDTHEH, FiX OHIZHORAIZDOWTEHL TWARWL, 2070 (T_LET) TIRXO &
DR OMEICE U CTRMNICER I NZEHR ¢ ZHWT, Ty EOZH 2 12 ¢ ZRALZED
CRIU KD ERS.

¢(a,z,e) = «
¢(B,z,e) = B
d(y:Th — To,ze) = yd(Th,z,e) = ¢ (To,z,e) T#£y Dy ¢ FV(e) DGEH)

(

Va. ¢(T,z,e) (v ¢ FTV (e))

{y:0 (T’ z,e)|letz=cine} (z#y,x € FV(e) Dy ¢ FV(e) DE
= {y:o(T',z,¢)| €'} (z#y B2z ¢ FV(e) DER)

¢(y:T"| e}z, e
¢({y:T' €'}, e

Nim
o)

)
)
p(Va. T)z,e)
)
)



WF_E SrreT WF_E V. ot WF_E TV
£ _EmPTY TF Tl _EXTENDVAR T.o _EXTENDT VAR

FT a el T,ab T

WF_BASE W WF_TVAR m

g WF_FORALL

'eTy, T'x:TyF Ty I'T T,z:TH+ e:Bool
WEF_FuN

F_
Fkz: Ty — Ty PE{z:T|e} WE-RBFINE

I'ke: T

FL T el TV FT T.C FT OFT TR
_VAR e S _UONST B S — _bLAME
Fkz: T L'k :ty(k) Ll T

FT ty(op)=az1:Th — .. v a,: T = T
Vi € {1,..,71}. 'k Ti[vl/xl, ..,Ui_l/flii_l]
T'Fop(vy, .. vy): Tlop/m, .., vp/ T

T_Op

F,x:Tl,f:(zle — Tg) Fe: Ty f ¢ FV(TQ)

T_A
D'k fun f(z:Th). e: Ty : (2:T1 — To) B

FI—Ull(.CC:Tl—>T2) Pl—’UQZTl Fl—el:Tl F,$2T1|—62:T2
T_App

T_LET
I'F o v Ty v/ x] FhHletx=einey:¢(Tyx,e)

NakFv:T lakletz=vain (T = To)la:T
T_TABs2

T_TABs1
I'tAa.v:Va. T . F'FAa.letz = vain(Ty = Th)z:Va. T

F}_UVOéTl Fl_TQ T TA FT Q)"@Tl @}_Tg TlETQ T.C
_ PP _CONV
Fl—UTQZTl[TQ/OJ] F"@:TQ

F}_Tl 1—‘|_T2 T1||T2 T.C FT @"U{IT|€} TF
_UAS _FORG
TF(T = )T > T * TFo:T ReEt

FD OF{z:Ti|ea} OFex:Bool OFwv: Ty e fv/z] —* e
Tk {z:Ti| e}, e, )t {x:Th | er}

T_CHECK

FT Okov:T OF{z:T|e} elv/x] —* true
F'Fo:{z:T|e}

T_EXACT

3. Fix @ RIAF T HHI

(T_CAST) IFF ¥y A MU TCHHAINAHATH S, v A b ORIFILIZ well-formed T 1)
WEe 5T, 72 || T 1, BELRERIZAKT SN, T, Th PAUHEETHL I LE2RDL
TWa., AR UMEEEZ LTWD &, THICHET 22 TORM {2:T|e} 2 T ICEEHMZ/-X

SMMREL NI LRV,
(T_Conv), (T_FORrRGET), (T_CHECK), (T_ExAcT) (ZFHilii&r OIEIZRLZ 1) 5 72 O FiH



Thod. HOFHEP#ED Z & T, M 2HPZEMAT 2560355, Hle LT let Klet z =
e1ine ZiHMliT 22 %2EZL. TDLE e M e] KRNI NZLETEE, let AR let 2 =
epin ey NEfRII N L1205, 22 THIRATD let ADEZE ¢ ({y:B|e},z,e1) = {y:B|let z =
e ine} £I5L, EHED let KO ¢ ({y:B|e},z,e]) = {y:Bllet z = ¢ in e} &75.
(T_Conv) 132D & 5 2SI OIHIZFE Ul %2 M 7= @A S N, BT o, Ty B
TEHEEMPILIZ LSBTy 21T 5 2 e TERRMIBAITHS. = 3B LOWATHEH =
DHEBPIFREATE T, T & To [ZHBS 2 RPAPATERIC K > TRBMNITONTWE Z L2k
HLTED, BIZXMAFERICS T 2R ORI, THIZET 2 MATHNEGR ¢ = e ZHWVWS
EMDEDITERINSG.
Ti= Ty e — e

EP_TREFINE
{z:T1|e1} = {z: T | e}

(T_FORGET) IXfifd {z:T | e} DI SN BMHIEX, TOEHMEMKT 28 T 21552 MR TES
ZrEROLITHUMIHATH . (T_-CHECK) FRIRE ({2:T1 | e1}, ez, v)! 10T 2 BT BLAI
T, e & er[v/z] ZFEHILZMRTHD 2 RkDEND. ({2:T1| e}, e2, v) EERHADF v 2
NEEDEH (T = {2:T1|e} Yo 2L THONEDT, AT SNE. (T_EXACT)
FREBE {(2:T1 | e}, e, 0)! ICBWTHRED BRI L ZBROMBHFERTH S v (ISBB {2:T1 | e}
2RI Z72DDHAITH 5.

2.5 Bfgen
Belo 5 1% subject reduction & progress %% L C Fy OREESMZR U (1] 2%, Fix 2w
THEROFETHRERMNZ RS IENTES.

EE 2.1 (RSN, 0Fe: T 22D e OEHBPEILTZ L E, ROVWTNHLHLKD LD,
1.e—*v 2D 0Fov:T

2. ¢ —*

3 SRR ARSI

AMETE FRE CBWTT Yy 7F¥ vy A MBRETRETHZ I L2 RTDIL, Ty TFv ALz
EEEBICERLTH, THY T LALKRORBBNNLEDLS RN LERT. BRLTETHS S
LEREROIRDFNPEL LN Z L 2R TR E U CUIREMM: [10) b 5. —MICEELR S5
TIESCIREAM 722 I XA URIA < Z e AMfF e 5238, FiX ClUIRE itk 2 = L7zwWT vy 7
Fy A LEHFEBIIEFE UM AT Z 2 IETERV. FIZIET Y TFY AN (T = Ty ) O
Ty — To THED, HEEB fung: T1. 2, funz: Th. 2 OBEENETN T — T1, To — T
ThHH, WIhET Y TF vy A MNORL IR LS. T/, KIFZETIEBERA T & iz ZIHIZ T
HMOXHRTHU &5 IR 8\, D ZD 55— HIZdbd LE AN RN E S RERTH 25
B SOIRGEATME ~ 2 FHWT, 7y 77Xy A MNREVARETH D Z L 2R 7.

ZODEN R TH 5 1%, T o 2EROSURTHH L 72/ SR 28T 2 Z & CHBIS 1
5. BHmREBEED XD REHEARR TR —BRIICBHNN R & UTRIEEZ W o, REIFRIZEW
THHOE M2 BT 5. £/ FEICRBIAEAET 5720, HOFMAMEL L 755 T DR
DETH 20BN TH 2 02BHTE2BERH L. X SICARHE TIEREMiZR = >OHD > 5,
—HIFBTUBENNPT, ZO LS 2EHEZFHIL TEIEL 7254, ETHHATERVEIRE
BHAEMEND B, Lo TF 1) BB SIE, HHAY (1) HISFHl S iz dy, (2) BIAMZ 3Pl X
N=h, 3) ETEHINTE R VIS N2 hD =Dk 5.



EE 3.1. e & & BPUROEMZHZTLE, e &/ IFRAFVDREFLWVEWV, el &EDT.
l.el <= ¢
2.Vl. el <= €'l

3. el <= €]

TRINZENTZIH e 1L, ZTDONREZIH e THOHLZI L% e[| LELLTDHE, ZDDHe, ¢
DXIREMTHD B 21k, —MUIATREDRDENZIE e 12U, e[ e]lee ] DKLD&
ERIND., ULPULIDEIRERDGS, e, ¢ PREET OFCTRMNITINDLE, ¢ &, %
DROMBEIZ ST BREED T IZ BT 25 DIZRD, L\ o7z & S ITHWTHIZ X $ 5 SUREifi
YEDEBVEHEC R 2R EDMENRDH L. D=0, FHRN HREEMM: X Pitts [11] % Lassen [9]
DARZANIWST, HE25RMEHLTRROEGLERT 5.

E# 3.2 (Adequate). X 2%, (D,e,¢/,T)eX THNIX el & PRV VEDEIBRELETHD L &,
X X adequate THH LS.

EF 3.3 (RN SUIRTEAE). THIZBE 9 2 S9BIA SKIREEANME ~ (£ (T, e, e/, T) HULLIX (T, T, T')
EEZE L, UTORGEZZITHRRKODEATHS. 272U, (T,e,e/, T)e~ & TFe~e: T,
(0,7, T)e~%DF Ta T+ b8,

I.TrFe~e:TDeEThke: THEHEINS.

2THFT~T :«DEETHT HEHINSG.

3. ~ & adequate TH 5.

[ R, (ORI B ) R, MM, B (12 ORI DN TEIL TS 210
ME ), BN CURIZDOWTEHUTWS WS HE) 272 3. AMEIISEXERZT L I12E
#IN, HIZIXBIRHI GO BIBGE T3 5 # T

T~ To:x Dya:TibF Tigx Th @ %
Dyx:Th, fi(e:Ti — Tie) Fep~ex: Tho

CE_ABS
Ik fun f(z: Th1). e1: Tio = fun f(z: Ta1). ex: Tog : (2:Th1 — Tho)

I'tFuovy~wvy:(e:Ty — T TF oo~ v: T
11~ vyt (2T 2) it R S,

F |— V11 V12 = 121 V22 T2 [1}12/517]
Y75, 772U, (CE_APP) ® & 5128 EOEHIZMRAINBHEREIZOWTIE, BTHA
TV BHD ((CE_App) DA vip) 2. EROFEMIL [15] 2ZRE N0,

ARSI Z Z DK S ITERT MM E LT, BRI RZHR S Z &7 < IR %2 €& T
52X, HAHERPSHREMME I U TRETH S Z L 2RTI12iE, ZDOREMHED adequate T,
DD R D EHE & B 2723 2 L 2 RTETTHATH L Z BT o s, BED
FlRE, RO XNREMMEDFEDFEAN 5/ 5N 5.

B 3.1 (598N SUIRSFAME DAFLENE). 998U SUIRSEAIME ~ 1ZFAET B.

SERA. ~ OFFAEMEZRTITE, Te e, T) & (D, T, T 28FE2 L, &ML BN %5729 ad-
equate REGROFMEEGD ~ LEHELWI L2 RBETATHS. THI Pitts LRI U HEE[11] 12
L DILHTE 3. O



4 IR

ZODHMNIREMTH B Z L E2RTZDITIE EE] OXARIZOWT, ZDOHRSLFENHAEL W
ZEEREHUBRITNIE R S0, TNERBEBGEHT 5 Z & 38U <, il 2 SCIRSE A A EF R
AZOWTHL TWA Z L 2T 2L XANHTH S, TORLOAMETIE, HELBE [12] £V >
ROUZDOWTCIRIIMICE R S N -BRE2 WS, £ U CGREEEEROSURE MM I U T2 Th 5 2
CERFEIAL, Ty 7x¥ ¥y AN EEEFEABDS R TH LI L 2RT AT S, 220, K
42 T ORI R D SUIREMPE 12X U CTETH 2 0NE E 2D h > TWRW. Belo © & AW DG
RO T RE VNI TO@EY TH 5.

1. Belo & OimHiEfRIZH 2 ZTHIZ & BIZHDF VT VB BER R o 72DIZH L, ARWFETIE

BRI H B HD S B~ AOHEIZIEMAMH E, 5 —ADOHITIZHBT USRI k0w
U7~

2. Belo 5 3HMGHEBERIZH L &, T oOFHIL TR S N EAGRELBIRIZH B & &
U7z, U2 UEIREE D H 251 RARR TR Z O K 5 Zan BB AR IZSUIRSEMIME 125 Utk 2 R
T ENTERN., AR TIZHITN S 2inBEREER T 572012 TT A [11] ZHW -,
EFE 4.1. Typ 2 UZBOEELTE. T € Typ DEE,
Term (T)={e|0tFe: T}
UTerm = {e | FV (e) = 0}
Val(T) ={v|veTerm(T)}
e UVal={v | v € UTerm}
e ECtx={FE |FV(E) =0}
95, £/ T, T € Typ DL &,
e TRel(T) =P(Term (T) x UTerm)
e VRel (T) =P(Val (T) x UVal)
e ERel (T) = P(ECtx x ECtx)
& U, TRel(T), VRel(T), ERel(T) D¥&%zIHBR, (HREAGR, LM SCIREEGR & 5.
ERel (T) &, TGRS U IZAEBIFRIZ & 0 M IRE (R 2 €2 U 7222 DR A R FET 572012
ERel (T) DEFZEHEMITIFHIL LW T ZHWTW5S. HBEBRPMERERD & FEMSCIREAMR, 721
A SCIRBE FR 2 S B (R 2 B #& S S TIRIZIRDED TH 5.

T 4.2 (HER - FHMSCIRBIRDOIRME). » € TRel (T), ¢ € ERel (T) 235 &, v € ERel(T),
c® € TRel(T), rY € VRel(T) 2IRD & S IZEHT 5.

o (E,E") € r¢ iffV(e,e/) € r. E[e ]} E'[ e ] 7D 3T, € Typ. 0 E[e]: Ty

o (e,¢/) € CRiffV(E,E') € c. E[e || E'[ ]| 2D 3T, € Typ. - Ele]: Th

o (e,¢)) € rViff (e,e/) € r »D (e,e’)€Val(T) x UVal

EEA43.THT 95, 75K 0, 6 %
0 = {a—nr,T,T"|ae€T,r € TRel(T),0+ T »> T' € Typ}
§ = {z—v, |s:Tel,v € Val(T) D v € UVal}
U, BIRA 6, &MERA 6, (ie{1,2}) %
6= |J [Ti/d] 6= J [u/a]

a—r,T1, T2 €0 T—v1,U2 €0

Y45, 2ol ER  OBGEFWT, HEE T(0,6) € TRel (61(61(T))) 2RO ESIZ T 12>
WTIRINIIZE R T 5.



Idp € VRel (B)|

Idp = {(k,k) | kE’CB}

’fun z:r. A(v,v"). R(v,v") € VRel (z: Ty — Tg)‘

r € TRel(Ty) T, fFED (v,v') € vV IZ2WT, R(v,v') € TRel(Ty[v/z]) DK YLD, TD
L&
(vi,v]) € fun x: 7. A(v,v"). R (v, ') iff V(ve, v}) € Y. (v vg, v] v5) € R (w2, v5)

|A(r, Ty, T{). R(r, Ty, T{) € VRel (Va. T)]

RO Ty, T, r i22WT, 0F Ty 7D r € TRel (T1) THIIER (r, Ty, T]) € TRel (T [T} /a])
MDD, ZOLE
(v,0") € A(r, Ty, T7). R(r, Th, T7) iff

VT, T],r. 0= Ty 22D r € TRel (Th) 251X (v Ty, o' TY) € R(r, Ty, Ty)

’{x :7| e, e2} € VRel ({x:T|e})‘

r € TRel(T), x:TF e : Bool 7D FV (e2) C {z} DD, ZDL &
(v,0") € {z:7]e, e} iff
(v,v") € r el [v/z] —* true D ey [v' /2] —* true

4. imHERAMRIZ BT B EBFR

e a(0,0) =rVER (772U a1, Ty, T] € 0)

e B(0,6) = (ldg)tR

o (2:Ty — T2)(0,6) = (fun = : T1(0,6). A(v,v"). To(8,6{x — v,0v'}))ER

o (Va. T)(0,6) = (A(r, Ty, T!). T(0{cx — r, Ty, Tj},0))ER

o {m:T|e}(0,8) = ({z: T(0,5)|61(61(e)),02(02(e))})ER (772U = ¢ dom(5))

Bl 4 FERUZDOWTH U K S ITIRD TS MHDOBRZERL TWVWD. K/2EH 43 T, M4 D
fERAfRE 545 0, § ZFAWT, FU KD ICHRDEES HOBMR T(0,6) 2EHL TS, 0 IFEEHK o
DOTOMR r LEAUZE T, T' ~NOEMRT, § 3L v S UKME v, o ~DEHRTH 5.

BRI a lZD2WTI, o ORTH BIHER r KEENITEOMEA LD, a LLTHU KD
ICHRZ 58S L EHRI NS, Idp &, HAR B OEIFZDHEBES LFEU & 5 Ik 8\, NN
EEIFFAU LD ITREHES ZLIETERNI L EZ2RDLTWS. ZHBBEIE ULTHU &5 12#kS
S ML, MEOBISEA U ZBORSEFEVAEL V. KFEBALIZOWTIE, E v, o 235180
e UTIRDFONDEL WK DM vy, o) ITEH LU TESNBIEGEA v v, v v} %, EYDED
BMEUTRU LS ITHRAHES & &, v, of BMKAEEBIELE UTHRU XS ITiR585.

fitd {z:T | e} & UTIRDENDEL WAL, GflZMRT 28 T L UCTHU XS ICiR5 5, »
DZDEE e IZRAUZIED true IFHIl X 172 1 U7 S40DS, THZ IS 5 7212132 OIEAE
UCTWARENRDH L. e DER, BABIIZHBEBIICKABEBRIZ Lo THRMI N T WA 5EDH
5. BIZIX e DEE y PERFEERL 4T — {2:T| e} Lo THMEEINTEY, y:Ty — {2:T | e}
D v, v PEBRATOENTVWEZLERTIEEEZERL. ZOLEEHENS, T) IZOVWTHEK
T ONTVWBIEREDME vy, v} IZHLT vy & vfv) BHEZE T IZOWTHBRMNITONTNVDS
ZERBIETNTHE. I THEERL00 T OECHTHE. —fRIT v & v} 3R L7720,



viveg & vjvh W {z:T e} [va/y) BULIE {z:T e} [vh/y] ELUTHUL XS ITRDEES Z I3 S »
TR\ £ ZTARWFZETIE Belo 5 &Rk [1] 12, EBRICH U ZEHPBEIZ R > THIO TERRZ T
DHEEHHAL, TOOIZEHENSHUZEADER § 25, FEROBHIZ XD, BIZH»
SHUBADEBRTHD 0 ZHNDS. §, 0 1FZTNZTIKFREBE, SHBEBERNZEET 5 HERE
ERTHEICIREI NS,

EF 4.3 T, X4 OMBIRICIRIES, R 2HEMAT222T, ALK ICRSEES HEMREZER
LTW5. FHliSCREELR & 128 £ N2 CROM (B, E') 1&, r IZEENZERDMEDOH (v, v')
EXHUT E[v] | B'[v] &%, 22T, (ee) € rfR THBZ I WRLEDIH e, ¢ MMEIZFHM
INBHE, R OEENS e, ¢ X (B, E) € r* THhD & REBOFIXR E, E' DT
DIRDZFENDPFEL W EADhnd. LzhioT, e, o MAZFHEI NS L5 BEAEIZOVWTIE e,
e WAL LI ICIRBEESHTH LI Wb hd. £7z e, ¢ MMEIZFHE S N WEEIE, THS I
EED E DFTe, € DIRBFVHFELWI EADNS.

AR TIE Belo & [1] 126> THO ZIHEMR %(0,0) 2 EFKT 5. x(0,0) DEEELERITEIKTS
L0, x(0,0) ITEENDZHD S B, —FIX well-formed TH 5. 7L IE [15] &I Nz,

HEEARIEBWZIHIZ OW T EE I NS,

EF 4.4. T 2HBE, 0, § 2EH 4.3 TRREZLDLFEBEOEHRL TS, ZOLET, 6§, § 1
HNUTUTRORMENEKDIDEE, THO;5 &EL.

1. Va € T. o € dom(6)

2.Ve:T el Ju,v'. z— v, 0" € § D (v,0') € T(6,9)
£ 4.5 GuHELR). fwHER ~ & (Tye, e, T) & (T, T,T) ZERE L, IROFEMZT-T 5%
BTHB. 272U, T,e, e/, TVe~% The~e: T, (I,T,T)e~%2TFT~T :x £EL.

Fkex~e: T iff V9,0.TF0;0 251X (61(61(e)),02(52(€’))) € T(6,0)
TET~T % ff VO,6.TF6;8 %6lX (T, T € %(6,9)

FHEEfRE W T XREM TH 5 Z & 2L 2 720121, FRELBILRA SUIRSE ik 1256 L T
EETHDI L EIAHT IHENDD.

EIE 4.1 (2).

I.TFe~e : THOIETFe~e : T.

2T T~T :xROIETHT~T :*

SRR, SUIRSEAMME DAFEMEDFEHA 5, ~ #% adequate T, »D XHRFEAMME D &k, F MK
DD Z e ZRBEFATHS. EHIEMLFOFIEIZHE > TIT .

1. BAFIEY well-formed 2B FERFRAMRIZE > THE EBEBRMNIT O TS L WS RED S &
T, mPBHRASEHME A2 W24 2 & 2R T AKX BESGE A B9 A BN W U TIEBA R D
i

FFovpg~vg: Ty, Doy b To~ Ty i x IR DNIDET B,
ZDEET v vy (2T — To) OTEFvg ~ v T
ROIX T F g v = w1 v : To [v12/x].
MDD & &ERT.

2. BIATIHX well-formed 72 BFGRHBIRICE > THEB LBBRMN T oND Z L Z2mT. THidR
P EHICBET 2lEE 1. KD EBIIEONS.

3. amPRBARAY adequate T, 2 DSUIRSEMIMED EHE, HHMEZT729 2 & 2md. B
LCTid 1l & 2. K0 AEBIZHHTE, BHREDOIEHIZIE 2. 2 W5,

]



I'E1T) <: Ty

S B STV IakF Ty < Ty S F
S — _DASE - _ AR _FORALL
I'-B<:B I'Fa<:«a I'EVa Ty <:Va. Ty

'+ T21 <: T11 F,$2T21 [ ¢(T12,SC,< T21 = T11 >l$) < T22
I'ka:Ty — The <:x:T91 — Too

S_Fun

T{ = unref (Ty) T4 =nunref(T;) TI't T] <: T) y is a fresh variable
[, z:T] I casts (T1) zimplet y = ( T] = T4 )z in casts(Ts) y

_REFINE
=T <: Ty SR

Vo.T'ko A o(er) ] implieso(es) |

. Imp
' e imp e

5. {73 BB 6RO HE GBI

5 7y 7TxvyXANRE

BTy D3R Ty OEARDE &, T) OIEIZ T, DIHE LTRSS TN TES. ZOEOT Y
TEXYAN (T = Do) iz Ty OfEZEHLZE &, ETREREIILTRIIT 2. 2 TAN
FTE P ICBI2mB TR LT, 7y ¥y A M2 HESEBUCES B TE 7025 L2k
DIRBENVREDLSRNWZ L 2RT. BARIZIE, 7y 7+ A b EEBEEDGRERERICE EN
HZEERTIET, TNODPREMTH S Z & 2iEHT 5.

—fiZ, T THFY A MDD SEEFBABANDE SR 21T o 72 BOTIFRT ATHE & X R & 22\,
FoTH e D5, elZBGTET Y 7F Yy AMN2EEFEBICESMZ 72X O RIE o/ ~OEHIL, ¢
DIF v 7DD D, e ZFHIT ZENT S 22 /ELTWS. 7z ¢ DT TERWIHT
HolGh, ¢ THHTETY TX¥ Y A MR EGFHBUIZESIMZZIHLE ¢, ¢ DIRDZEFFVHFL T
HD5ZEIMEEI NN, —RIZIET Y TRy AN IEFERO R EIT—EII 2 TT D BED
H5.

ERORIBEGRDYIMI T F Ty <: To \ZBIBREE T & —DODR Ty, T, hofERIh, X5 OHtmHA
MHoBHEINS, RN Belo SBMEHALZE D [1] ZIZIFRKTH 5. HAR, FIZHOEWH
RIBERIIK P MEIZ K> TOAFK D LD, LA DWW TIE (S_ForRALL) K D BIZH % Il 2 7254
BEIO N CHaMBEGREEH T 2 BELNH S, (S_FUN) IIMRAFBIBEIM O 4 BB (R 2 T H S 5 HE
AT, BIBORIZEE T A2 RBEGRTIET L [H U L D ITKEAWL Y LD, £72, RO HEAY
Tia, Too WZIFHABICHEIT 2 Z LD TEELEHOMMNELRSE-0, 2 ETHER M EOZIZIHE
RATBEI0EHR ¢ 2T, Ty EOFKMEERE Ty ~DOF v A MOBEAIZESHZ 72 1T,
ROMERI O TR % EH T 5. (S_REFINE) (ZEFENC T 2l TH 5. BT < Ml
ZOMODETORPZHEZLTWS., DF D, BASIEHADEM casts %, 2 HTERELUHED
% 2 THY R < B4 unref 2 F\WT

casts (T') = fun z : unref (7). ( unref (7) = T )z
E35L, EEOHUER T O UME v IZXH LT, casts(T)v —* v DO LD, il Ty
DEFEL Ty O/ TTH o722 &, T DEEDOME v X To ODEE UTIRAEES 22N TE 5720,
casts (To) v —* v DD LD. ZD7-OER O/ BB R % E < I12IE, unref (T1) & unref (T2)
DR IIBRE, T OREPRTH/ZEIND L ENT Ty ORPLTHZINEZ 2RI RITNH



F2 5700, BFIIHEGRBIR Inp 12 K> TEPND. HEFHET 2 72DI21EZ OEAH U TWiRly
NER SR 0A, I FiX ORNIZER, BABUZKH L TH»N TS, 2 TROKRPME- X
N5 LaRET L7017, BEREED well-formed TH 2 Z & ZMiFRFT 2 K 572, B8 (72138
B D SB UM (£ R U728 ADEBKRE 4 ETHERE 0, § AHVTERT 3.

EFE5.1. T 2L U, 0 280 SHU R, ZEPSHULEADELETE. 2ok
ET & o IZUTOELENRKD D E, THo &EL.

30,0. T'F6;0 D 0 =000,

PLED &S e ERE2 HWTERINZT Y 75 ¥ 2 M), @MBERICBWTIESEREE L B
BTN TVWEZ &5 RT.

EE 5.1 (7Y 7HFYyAMRE). BIBRETD, B Ty, Th CHLTCTFN <t Ty, THT, THE T
BRONDET D, ZOLETH(T = Do) ~(funa: Ty x): Ty — Ty DD D,

AEBA. Zid Belo 5 BRI, T Ty <: Ty OBEHIZET 2RNIETIETE 5. (S_REFINE)
DAL, T ORHEZFEZITEEOMEIZK LT Ty OREVEOVIDZ L ZHWTIEHT 5. O

6 FEEMR

FX 43y 7 by = 7 ORRIER 2 FHR ORI & U TR HRIZ B A D BEE RS G SRR A
(6, 8] % % MBS & FIRBEIE CHLIR U 7251 BEARR TH . Knowles 5 [8] & A\ O 7 v 7% ¥
AMEFALTS 707 LA2EDIRDENDVLED 570N T & Z2FET % 72 O3B fR Z W 7273,
M T34 RUBEFRIZ & B subsumption rule 2 W TIHESRBABIZTY v ¥ v A M 2 E UM E A1 5
ZeNTELRD, M ORFBEBICH S ZHIZE B IR UM EMN T Z 2 TE 2, Fix p 2\
R ENTBT 2 EREEEBIC N & 59 5 il Findler 5 [5] IZ X > THEEI N2A, Findler 5%
AU T HERRIE P RIERIC BN WS D TH 5 7.

AETIE, 7y 7XE Y ALHREAGETH 2 Z 2 %2R T 720 TT BEEZHWTFE o0 Ui
BtRZ 5-Z 7. TT FEIE Pitts 12 &> TIRESINATIAT, Pitts (X TT Gz AW TEMHBEBU,
FAER, FIRBEIE D & BRI T L XFHEITE UGRBEBMRZ 52, A SURSEAGME (26 U 22D
TRTHD I LamUrz [11]. T DM E UIREAMGMEIZ N U D52 minBiBfR %2, Dreyer 5
DR [2] X2 3] 2ET T LAXFEIINUTE R 72, RGN 2 R FE e UTidimitpy
RO BRI 72 EPH SN TE D, Sumii S IFSURTEAMIMEIZS U T, 22D 5827458 % 5
Z7z (14, 13] . - AHEOGRMERERITEA T S NZHE BT U BRI S hWEE2 GOB%RT
HolzM, TOXIITENTNEEORZ - 72 IH % BRI 2 5REERIZ, Hur 5035 X272, ML
B 727075 IV SR HOESHMANARRANS 2T 2y 7Y SEEORI ORI [7) 3dH
%. Hur 532 OmHBRICN LT, & TOHDEIGREERICH D & 5 RIHD X 72GmElBRICH
%, L\WORAKEH (Fundamental Theorem) D LD Z & %R U 7=,

7 R

AR TIEFHNELS 2T L 70 7T LAESFROBMEDOMMHAZ E DFHEMAR Fy % FlRBIK
THLIE U 72 3H5RR FiX ot U, S9BASTIREAMiME & 2 i i Uik e 2Bt liR e 5.2 72, & 512,
EATIBERD R D DL D RF Y ANTH BT v 7F¥ ¥ A b EEEEBDGRIBERIZEETNEZ &
ZIEHT 522 T, Ty 7F Yy AN EZRELTE 70T I L 2KDIRDENDRED SN L &R
L7-.
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“refinement type” ZaRIIZH72> T, [Hill] 2EH5DHELOTA 772U T iz RKk$EF
KE, B E%2 LU TCHEHWE PPL 2012 O&EZHZED 42 12T 5.
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