FLE 5 L 9EFHE (A-calculus)

L1 SL9#HEYIZ?

SLFEErIE, AREBRICERTEL-DNEETHY.,. SLTHE LIRS
LTRFETRAVWT, EROBEIODVWTHLZEODERETH S, FL9HE
2, BT, LI EANERVHITETHS, ©H. 745 1EF) P rXF
DA (RKXFIEAN) OZeTHY., BEERZTEDIC. TOALWINFELHA
WBZEHS, THOETHRIINTVW S,

T T TREEL (Untyped) D5 L THEEBNT 5T LITT 5.,

SLTHEIZVL £ ) ICHMLERTH BN X

REDHEETLLRAEZDHERHEAT S L 5o TW5S, DF
D, BENI>E2—9 - rEHROICEBAZNHERNEHE S, (XTI
SBEIG L THERELEREL TV S, )

B L.1.1 F v — F DO4RIE (Church's thesis) ¥ W EEICHOWVW T, ZNELKEZHAEAN
J0

SLTEE - TLTHBEIIEBN L EMRZO AT, B EPNS, 20D
ETESLIHED T ERN LD ERBNT 5,

L2 SL9Ron=6 CUE)

EEEZRTHEY 2,42 .. DLIEDOSNTVWS GRERITLI 7Ry b1
XF) LT RDEIRDELS"EZLTVEHDESLTA LIS,

1.EH —HENEHEERSIISLIRTH S,

2. B%EEAR — M, N 5549355, (MN)L3 549X TH 5,
ZHOXNDEBNLEKRIL. (B% M
FEMN THRUE LAKR) TH (CEELRETIIEBERIL £ (a)
LELHN FLFHETE, FIKORAY OEIMAKELR VD ) ISR
IS RETH S, ).

3EABME —M 2545, 2 2BReTBrE Ao M) 549K
<hH 5,
ZHOXDEBENL BRI, Th 5,

BNF TERTZUUTOLEY TH S,

M e Vl “(”MM(()” | L((” “A”V“.”M“)”
V = “m” | “y” | “z” | e



Tz 1,23 ..+ — R EDEREENT I H S, LIES LI,
T - BECER - AEEN 3 DN LR M5 LTHELRBNT 5,

7 LTRADB

TL(Az.z) — 2N 2 LVWIHIFIBERITER-T, 2 2XNEFRT DT,
BEEBERL TV 5, Scheme D&% 51 (lambda (x) x) &\
SEBTHY . Clsld,

int id(int x) { return x; }

YWAHBE id 1T S, AR Scheme Tld z 4 int B ¥ v 5 #IFR
WA, CTRZOEIICRDOFIROLVEARETERT S22 LIETER
WOT, BFELE int BIZLTWS, )

2. (Az. (Ay.z)) — 2 2z L WIHFIEERITRY . (A\y.xz) ¥V OBt
RIEBTHS, LT y.z) cVWIHIEKIR. y eV I3I8EZITR
Do (TNEEBRL 2 2RIEABTHS, 23 Y. AKRISHEEK
TH5,

AEEICIE, ZEKOBEREERTZEIRVOT, 2L R'EAKEIR
TR T, ZIKEHOIRALTSZ e T, 2FY. CHEE
<.

int foo(int x, int y) { return x; }

ERINS 251H0BEE (A\z. (A\y.z)) tEVWTILEINTHS., 2D
AT ZEHKERLEARERTEAK C LTRRT B2 %,

Y&, A — (Curry) |&, FELLEIEREFE Haskell B. Curry
(1900-1982) N &I B ATV 5,

3. (M. Az (f(f2) — BB f ¥ F— 9 2 £ RIR->T, f£ 2|20
ERT2ERTH S,

L3S L9HENEFY (FHEHRAD

BET14+2x3=21+6 =T YWILIIHENRUN»HELIHI, S45
SHELERL (BIBAKRA) 1ROLSNTWS, FlAIE (A\z.z) IZTIEZEEK
ThHY. FENDILIAMIIH LT, (Az.2)M) > MrEZH|ZSZ
T3, F1.

((AF- Oz (f(£2)))) M)N) = ((Az. (M(Mz)))N) = (M(MN)) T %.

SLIHENDEHBBAE ERNICBNT BT, WL O DB RAZEXHAL
EL,

REXE - BhEEK

Az. M) L WAHABHASH B L E, 2 IE2OFHRTHERME SN (bound) TV 5

¥wWi, Zors, M obTHIR (occur) T 58Kz = (bound
variable) ¥ \V 5, RELEH TR\ (ABICHRT %) ¥ % (free

variable) Yt W5, (BB ADTHEITEAINSIERIZ. TLZTHLHEBICAHY
YhLBRW, )



BlZ L. (M. (zy)) Oz EREZEAL, y I IARERTHS, 1.
(MN2.2)2) D z ERINAFTH, BEICHBERELTVS, —FEHRD 2 &
(Az.-2) EVATHOFIZA> TV RVH S TH 3,

COREZEOFIOL I, REZTHRAEERICACLZAELN TS L, B
O TH 5, 2T WTOZHRTCIIRELTRIIBHER Y ZH0329 5
TWEIHIc, BE. LFEORTBELET 3L IRET 5,

QL3I UTNSLITARANDERHOEEREN I B, NI BABHERH. CNMHIRELTH
"

1. (Az. (yz))
2. (a(Ab. D))
3. (Aw. w)w)

4. (Az. (Ay- ((zy)(29))))

—MRIITOTF IV TEETRIIBDLETIE. HOEH L 20 5% WY,
RHBATHRY., FLIRETHRETHY . (A\z. (yz)) € (A2 (y2)) R
CPNDERLEING, (ZHOLHIERDEZR*FITEEASZ2%: (

) EFRZT e H B, ) L. (M. (yz)) & (Ay. (yy))E 3l
MTH%, COLHICAZMDERT % a B ITFING W,

QL32UTNIE, aBMIIEI->TRFL R ST LIXNETEN,
1. (Az. (zy)) £ (2 (2))
2. (Az. (Ay. (zy))) € (Ay. (Az. (yz)))
3. (0z. M\y.9) € Az (M. y))
4. (Aa. (Ab.b)) ¥ (Ab. (Aa. b))
B
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R DHEREIRTN TEFMATBONEFLIREERT DT S, (2
O _[Li=_ WA REARE T LITROBISID, A I REETH D, )

BlZ L. (Ay. (zy)[z = Az 2)[ld. (Ay. (A2 2)y)) L7 B8
(M. (zy) ]y := (Az.2)] B’ (My. (zy)) nEETH S, y & (Ay. (zy)) DI
BRICEBELTWRWHSTHS,

B %

SLTHEOHERAL, EARIC B K (BEH. Breduction) Y"IIN3
FHBANALTH S, BERERAICIE, BARDRSIKEEIKTE ST SBHET
H3, ZHIE, SLITRXRDFD

(Az. M)N)



YWHRE LEBYA T

IKESHRAZEMTHS, COESHMAVERTRLBIANZ L T B
redex) ¥ "33,

B (M. Q. (F(£2))) (09-9))2) 2> (. (g 1) (- 9)e)))2)
5 (Ou (O 9)2) 5 (Aw.9)2) 5 2
QL33 RNDFLIRNE (1 R7v7) BREAKNLE L,
1. (e () (A= (24)))
2. ((Mz. Oy. 2)) (2. 2))
3. ((Az. (2)) (. w))

4. ((Ay. (zy)) Aw. w))

o r@BAVAIL LT (2. (z2)) (e (z2) £\ 5 T L FRIE, B BHOR
R EVEEIES. SATHECUAEO OIS IV IEEIHBLIR
BYRLULOERSE VS, TNTHEE R VHEERRT 22 L0 TES
LW T ehhh s, (HrT, LisRVELKERTES LL@AAT
%.)

SN E BEMNERT LD TERVWSLIRE (normal form) ¥ \»
Yo M55 SEHNERYRLT, NYWHIERHICEETLZLE, N2 M
DERFELER, LB THHI LI ICEREEHELLVSILIREVIDD
LHEHET 5,

L4 5 LT RNDKELE

STETHBLAESLTROGEIG, HERBOFBADLHICIE, FEIME DT
=LY TEREN L THEI LW, =, 2nF T, FIMHIEL
BRYFTEZNT, ROLILVRERIEFZNHNELTENL T, BIMOKEHNT %,

1Az zy . M = (Azy. (Mg (- Az M) --))) 2E Y. NHIROHE
CBERANEBHHILTI2RFE

2. MhiMsMs-- - M, = (( .. ((MlMQ)Mg) .. )Mn) 2FY, E¥ERIIE
IREET 5,

T NHRLY LEBCGEADIZ ) MEBEEN &V, 2F Y. Azy. MiMM;

it (Az. Oy, (MyMa)Ms))) OBRE Y 7% 5, (Ae. My) M 230 488 L < L
FHAr. Ax. MM %> TLEW, Az (MlMQ) ERBIDON LT >TL
DT, FMIABTERL,

BNF TRIETHIEUTNLH TR S,
M ::: Fl ((A” W “-” M



F :=A|FA
A :::Vl “(” Mu)”

Wa=V|VW
Vo= “g? | g | “y |-
Bil:

BlZE Nfz. f(fz) & (Af. Az (f(fz)))) P& THY . (Az.zz)(Az. z2) IE
((Az. (zz))(Az. (z2))) DB TH 5,

37 AR CET AL 20, BEEEVE Y (BEOBT) ERREEICR
LT, BMML. BEREICT2LENH S,

QLANRDS LT HENERIGEEE., TELEIFREME PR LEBERICE
B L,

1. (Az. (M- ((zy)(2y))))
2. (Az. ((Ay.z)(Az. 2))z))

QLA2 RN T LT RENKE AT ERREICEBREL,
1. Az, (A\y.y)z

2. \zy. xxy

L5 SL9HENHE
BN TVWESLTHEOME AL L TRNT 5,
F v —F - 1w #— (Church-Rosser) O EIE

VEODDFTLIRNITKAY LD SENGTEER I L H B, THrE, B3
BEKETE S t. JloEIiKEavrNnLTLE D,

LL. DELAE» SBEHNTE2L ORI NLAELDEBUERTIES
EHRTE B,
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EWHZLERRNRTWBEERTH 5,

CHIIREFIC, HESLIRICEREIBET L5 TNE— LRV
(0 ZBUTELBEVNERLS) LWIZ Y EFRIELTWVWS,

RE ¥R

ERELIBETESL9RTH, TFIC (EFI2?) BEEBRATHIFIE, v
FTH MM ELETSZLHY S5, Ll, RVENSIEILE S fES
BATITWIE, EREOGEET S5 L6961, STERFICRET S
NEAEETH %,

Bl1: 5 69K (Azy. y)((Az. zz)(Az. z2)) &, (A\z. 22) (A2 22) DEH % [
L TWEL, WOFTLERBICEELRWY, REBELBILT IS
ERF Ay y 1% 5,

L. REBRIOERFEICEEET 2HICKRIEORY (0F Y SEMAD
Plen) BELIREBLRVY, (LA ZHITHRVIEDITINE . )

Bl2: 5 69K (M. frz)((Ayz 2)w) &, Bl B EERIRL
(Az. frz)(Az. 2) 1272 %0, RE BEETRIY f((Ayz. 2)w)((A\yz. 2)w) (<%
3, RROIIIEE 5D f(Az.2)(Az2.2) 1% 5,

QLSIUTNZL49KE (1 27y 7) REMYL L,
1. (Az. (Ay. 2)z))(Az. 2))

2. (Az. (z2))((My- y)2))

L6 BHLAVTLYR
WERWARRTF—9NERE

MErie S LFEHEICIZ, BERLYODBEAIALZDT— 9B L WED, —RBLE
YZAHABEMRODHLEHENTETELLIICERAR Y, LAL., ERBIZIZEBE -
BE - rnT— 9IS LTHENDPTERT LI TES,

BEAE S LR NSt MSf. f 22NN true, false L PR XIZT 5, &
7=, Acte.cte £\ T LITRE if LFRNZLIZT B,

Zf true M1 Mg —ﬁ» M1 ’(vy) N Zf false M1 M2 —ﬂ» M2 ’(\\i) %,



Bl L6.1 L3ZD SEMNE 1 2Ty TIHOEVTHIDL, 2F Y.
if true My My = (Acte. cte) true My My, — (Me.truete) My My — ... — M,
ThHsZrrrt,

¥ v —F O (Church numeral) 7 49X Afz.z, Afz. fz, A\fz. f(fz), .. 20,
1,2, EVWIEBBITHRT 2L WVWHIEKRT, cg e 0 ... LN, —fRIC ¢, 1

Afe. f(f(--- (Fz)--))
—_——

nfE
YW SLTRTHB, 2TTplus L WHISLIRERDLIICERT 5,
Imnfr.mf(nfz)
T3, pluscmcn—ﬂ»cmﬂ X5,

BlL6.2 L2 Sffif%. m=3,n=2RXOEKFLEAVTI ATy TT>
EVWTHENrOL, 2F Y,

(Amnfr.mf(nfz))(Afz. f(f(f2))(Afz. f(fz)) = - = Az f(f(f(f(fz))))
Y52zt
SIEHE - DTERELORHEL R BNERT SN TETH 5,
M L63 ROBEEF v —FOEIIH TSI L9 LTERE L,
1.22r0 — 0 TH B IV EHET 5338
2. mult — 13 E

3.pred —1 %5 <% (&)
4. sub— 35| =H (pred 2fEZILHE)

22 Tpair & A\fsd.dfs e W) T LIRCERT S, 7. fst,snd %
Nz, Ap.p(Afs. f), Ap.p(Afs.s) € ¥ %, fst(pair My M>) LS M, Th
Y. snd (pair My M) 5 My v 7% 3.,

Bl L6.4 L2 SN E 1 2Ty TIHEVTHEIDL,

BIL6.5 "R MEEIRT B0, cons, nil, isNull, head, tail \HKT 55
LIREERT L,

YareEx—9—

F LIRS (Az. f(zz))(Az. f(zz)) 2 Y LR,
YF D (\z. F(z2)) (2. F(zz)) Th 4. 2okt U L& ¢,

vSFru A rEr) S A RE(FU)- ) e sz esbss, U
P OFRBAELELONEAD, Y O L ERHAKEET (fixed point
operator) ¥ LR, CHLHIRY IBREAKEERT 2NICAVSEZ L TE
60

BlZE. factt WIFTLIRERDLIICERT %,

Y (Afz.if (zerox) c1 (mult z (f (pred z))))



ZHE, BELAOEENEKEEELTWVWS

1 L6.6 LD fact " FEFOEAKERRL TVSEI %, 3 R ECDEKKLF v
—FEERWT, oL, 272U zero, mult, pred £S5 LFTRILT TIC

EESNTVBLDOLERELTEV. (D% Y. predes - ¢ & CRRB DR
TYTEENRLCTRY, )

factes =Y (Afx.if (zero z) c1 (mult z (f (pred z))))cs
2 Ucsz 2 ¢ F & Afo.if (zero ) 1 (mult o (f (pred z)))
UL (e F(zz))(\z. F(zz))
E) FUcs

i if (zero c3) c1 (mult c3 (U (pred c3)))
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20D LTRAPEMTHZ L V) BZBLLEBNEZICTE S (RE1L, 2
'30)71,\57'&75 "EBTHB WV )EBOBEREIZTESNIZ, EREIBEET S
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awm“ ALY LHOELONEWSLTANEET S, I1D, Dy, ¥ Pw

72 ¥ ORI (domain) ICEAT 2@ ERERTH S, )o

BEMICIE, JYEMETOISIVIEENE%ESLIRN L LTERET S
CYLHETH D, LHLidrs, BERICTRTOAEMBRE S LTHET
BRTBE, BOSELBRYTETLEVAALTH S, Haskell 1d, HEXBITIZT A
FHEIZ, WARVWELFEHNLEL (BXLOER) tEELRBIYITLREN
Lz (F3m) Tursi> 7z TH5,
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