FLE S5 L 9EFHE (A-calculus)

L1 SL9HEYIZ?

SLFEErIE, AREBRICERT E-DNDEETHY. SL9HE LIRS
LTREETRAVWT, EROBEIIDVWTHLZEODDRETH S, FL9:HE
2, BT, LI EANERVHITETHS, ©H. L5 1EF) v XF
DA (KXFIEAN) OZeTHY., BEERLZTEDIC. TOALWINFELHA
WBZ NS, THETHRIINTVW S,

T TREEL (untyped) DS L THEEBNT 5T LITT 5.,

SLTHEIZVL £ D ICHMLERTH BN X

REDHEETLLRAEZDHERHEAT S L 5o TW5S, DF
D, BENI>E21—9 - rEHROICEBAZNHERENEHE S, (XEY -1
SBEIG L THERELEREL TV S, )

B L.1.1 F v — F DO4RE (Church's thesis) ¥ W EEICHOWVW T, ZNELKEZHAEAN
J0

SLTEE - TLTHBEIIEGBN L EMRZO AT, B EPNS, 20D
BETESLIHED T ERNLE D ERBNT 5,

L2 SL9Ron=t CUE)

EEEZRTHEY 2,42 .. DLIEDLNTWS GERERITLI 7Ry b1
XF) LT RDEIRDELE"EZLTVEHDES LTRSS,

1.E8 —HENEHEERSIISLIRTH S,

2. B%EAR — M N 5549355, (MN)L3 549X TH 5,
ZHOXNDEBNLEKRIL. (B% M
FEMN THRUE LAKR) THs (CEERLETIIEEBERIL £ (a)
LELHN FLFHETE, FIKORAY OEIMALELR VD ) ISR
IS SETH S, ).

3EBME —M 2545, 2 2BReTBrE Ao M) HF74L9K
<hH 5,
ZHOXRDEBENL BRI, Th 5,

BNF TERTZUUTOLEY TH S,

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



Tz 1,23 .. X4+ — R EDEREENT I H S, LIES LI,
T - BEGER - BEMEDN 3 DDA LR BT LIHELRBNT B,

7 LTRADB

TL(Az.z) — 2z L WIHFIBERITEIR-> T, 2 2XNEFRT DT,
BB EERL T\ 5%, Scheme MiEE% 51 (lambda (x) x) ¥ W
IARTHY. Cl sl

int id(int x) { return x; }

Y\WAHBE id IS T S, AR Scheme Tld z 4 int B ¥ v 5 #IFR
WA, CTRZOEIICRHDOBIROLVEARETERT S22 LIETER
WOT, BFELE int BIZLTWS, )

2. (Az. (Ay.z)) — 2 z L WIHFIEERITRY . (A\y.z) ¥V O BT
RIEBTH2, LT Ay.z) cVWIHIEKIR. y t W IH3I8EZITR
Do (INEEBRL O 2 2RIEABRTHS, 2 Y. AKISHEEAK
TH5,

ANEEICE, ZIBOBEBERTREILVOT, 2oL L BEKER
TEK T, S318EBORABLT 52 Lo iThhs, 23Y. COR%E
<.

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

ERINS 25180BEE (A\z. (A\y.z)) tEVWTILEINTHS., 2D
LT ZEEKERLEARERIEAK L TRRT 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 <2
ERT2ERTH S,

L3S L9HENEZFY (FHEHRAD

BET14+2x3=21+6 =T YWILIIHENRUN»HELIHI, T4
HHELAERL (BIHAKA) 1ROLSNTWS, FlAIE Az, z) IZIEZFEK
THY. FENDFLIAMIIH LT, (Az.2)M) > MrEZH]ZSZ e

T3, F1.

((Af. . (F(f2))))M)N) = ((Az. (M(Mz)))N) = (M(MN)) T 5.

5 LT HENERAAE EXIABAT 3711, W< ODDRBLRAEEHAL
<5<,

REXE - BhEEK

Az. M) e WAHIBRRHZ L E, 132 0WAYRXTHERE SN (bound) T 3

¥WwWi, 2o s M opTEHR (occur) T 58Kz = (bound
variable) ¥ \V 5, RELEH TR\ (ARICHRT %) ¥ % (free

variable) Yt W\ 5, (BB ADTHEITEANSIERIZ. TLZTHLHEBICAHY
YhLBW, )



BlZ L. (Az. (zy)) Oz IREZTEALS, y IARERTHS, 1.
(A2.2)2) D z EREINAFTH, BEICHBERELTVS, —FEHRD 2 &
(Az.-2) EVAHOFIZA> TV RWVH S TH 3,

COREZEOFIOL I, REZHRAEERICA LI ELPN TS L, B
O TH 5, 2T WTOZHRTIIRELTHIIBHER Y ZF0329 5
TWEIHIc, BE. GO/ ITBELET3LDOLIRET 5,

QL3I UTNSLITRANDERHOEEREN I B, NI BHEH. CNMHIRELTHK
"

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

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

—MRIITOTF I TEETRIIBDLETE. OEH L 205 WRY .
RHBATHRY., FLIZETHRAETHY . (\z. (yz)) € (A2 (y2)) LR
CPNDERLEING, (ZHOLHIERDEZR*FITEALS2%: (

) EFRZT e H B, ) L. (Az. (yx)) & (Ay. (yy))E 3l
MTH%, COLHICARMDERT % a B ITFING W,

QL32UTNIE, aBMIIEI->TRFL R ST LIXNTEN,
1. (Az. (zy)) £ Az (2))
2. (Az. (Ay. (zy))) € (Ay. (Az. (yz)))
3. (0z. M\y.9) € Az (M. y))
4. (Aa. (Ab. b)) ¥ (Ab. (Aa. b))
B

SLIRAM N CEBz0H5r s, Mz:=N|twiiEs MovnAwk
e DHREITRTN TESBATBONS T LIRNERT LTS, (2
D _[Li=_ WA REARE T LIROBISID, "X I REETH D, )

BlZ L. (Ay. (zy)[z = Az 2)[1d. (Ay. (A2 2)y)) €7@ B8
(M. (zy) ]y := (Az.2)] &, (Ay. (zy)) nEETH S, y & (Ay. (zy)) DI
BRICEBELTWRWHSTHS,

B %

SLTHEOHERAL, EARIC BREK (BEH. Breduction) Y"IIN 3
FHBRANALTH S, BERERAICIE, BARDRSIKE IR TE ST SBHET
H5, ZHIE, SLIRXRDFD

(Az. M)N)



tWoRE LB %

IKESHRAZEMTHS, COESHMAVERTRLIBIANI L % (]
redex) ¥ "33,

B (M. Q. (F(£2))) 0w 9))2) > (. (Mg 1) (- 9)e)))2)
5 (Qu (O 9)2) B ((w.9)2) B
QL33 RNDF L% (1 XR7v7) BREAKNLEL,
1. (e () (A= (29)))
2. ((Oz. M. 2))(Az. 2))
3. ((Az. (2y)) (w. w))

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

z

t-rBAVAIL LT (A (z2))(Ae. (z2) £ 5 T L FRIE, B BMOR
R APEHIES. SATHECUAEDOTOIS IV IEEIHBLIR
BYRLULOERS BV, TNTHEE R VHEERRT 22 L0 TES
LW T ehhh s, (HrT, LisRVELKERTES LL@AT

%, )

SN E BEMNERT L TERVWSLIRE (normal form) ¥ \»
Yo MH 5 BEMEHRYRLT, NYWHIERMICEETLZLE N2 M
DERFELER, LB THI LI ICEREEH LRV LIREVIDD
LHEET 5,

L4 5 L9 RN E

STETHBLAESLTROEIR, HERBOFBADLHIZIE, FEIME DT
F=U9NLY T EREN L THEI LW, . TnFFEFr, FIMHIEL
RYFTELZNT, ROLILVREREFZNNELTENL T, BIMOKEHNT %,

1. Az 2y T M = (Azy. (Azg. (- Az M) --))) 2E Y NHIRORE
CBERANEBHHLTI2RIEL

2. MiMsMs--- M, = (( .. ((M]_M2)M3) .. )Mn) %Y, BAEERIAL
IHREET 5,

T N HERLY LBEBEROIIINEEENEV. 2F Y. Azy. MiM>Ms
& (Az. (Ay. (MiM3)Ms))) OB 7% %, (Az. My) My ISFEIME EBE L TL
Y. A MiMy ¥ >TLEW, Az (MiMs) Yt RAIDSH A< >TL
FH0T, FEIMIABABTER,

BNF TRIETHIEUTNLHITH B,
M::: Fl “)\” W L(‘” 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) &
(Az. (zz))(Az. (z2))) PBRZTH 5,

3 AR CET AL 2, BEEEVE Y (BEOBT) ERREEICR
LT, BMML. BERZEICT2LENH S,

QLANRDS LT HENERIEEE., TELEIFREME DR LEBETRICE
B L,

1. (Az. My ((zy)(2y))))
2. (Az. ((A\y. z)(Az. 2))z))

QLA2 RO T LT RENKE AT EREICEREL,
1. Az. (A\y.y)z

2. \zy. xxy

L5 SL9HENHE
S BOENTVWESLTHEOME XA L L TRNT 5,
F v —F - 1w #— (Church-Rosser) O EIE

VEODDFTLIRNITKAY LD SENGTERER I L H B, THrE, B3
BEKETE D t. JloEIcKkavrNnLTLE D,

LL. DELAE» SBEHNTE2L ORI NLELDEBUERTIES
EHRTE B,

-
-



EWHZLERRNTWBEERTH 5,

CHIZREFIC, HETLIRICEREIBET SR 5L, TNE— LW
(0 ZBUTELBEVERLS) LWIZ L EFRIELTWVWS,

RE ¥

EREOIBARETEILATEH, TFIC (EFI2?) BEERATHIHE. v
FTHOMMNELETSZLHY 5%, Ll, RVENSIEILE S fES
BATITWIE, EREOGEET 5961, STERBICRET S
EHEETH S,

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

L. REBRIOEREICEEET 2AHICKRIDEORY (0F Y SEMAD
Plen) BELIREBRLRVY, (LA ZHITHRVIEDIZINE . )

Bl2: 5 69K (M. frz)((Ayz 2)w) &, BRIl BEERRL
(Az. frx)(Az. 2) 1T 0%, &E BEETRIL f((Ayz 2)w)((Ayz. 2)w) 1%
%, RROICIIEE 53 f(Az.2)(Az2.2) L% 5,

QLSIUTNS49KE (1 27y 7)) REMYL L,
1. (Az. (Ay. 2)z))(Az. 2))

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

L6 BHLAVSLYR
WERWARRTF—9NERE

MRS LTHEICIE, BRLLCOBRAAZOT— IR WESH, —RLE
Y ZABERDHSAENTESLLHICIIR ARG, L L. ERICITERBIE -
B - T— 9 S LTHENDTTERTZ2 ) TESE, THNEE
Al whEs LB VD, Zo-> TWHNIEYE 2HTRICILIDBA»H S50 L
e\,

BAE 5 L9R NSt Af. f 22NN true, false LI XIZT 5, &
fz. Acte.cte L\ T LITRE if LFERT LT B,



if true My My 5> My T#Y . if false Mi My 5 My T %,

BL6.1 L2 BEiME 1 2Ty TIHOEVTHIDL, 2F Y.

if true My My = (Acte. cte) true My My — (Me.truete) My My — ... — M
ThHsZrerd,

F v — F O (Church numeral) 7 49X Afz.z, Afz. fz, A\fz. f(fz), .. 20,
1,2, .. EVWIIEHITHRT 2 VWHIEKRT, ¢ e ... LN, —HRIC ¢, 1

Afe. f(f(--- (fz)--+))
nf

EWAFLIRNTHSB, 2T Tplus LVWIHIFTLIRERDE I ICERT 5.

rmnfr.mf(nfz)

EI-R AN pluscmcn—ﬂ»cmm &%,

BlL6.2 L2 BEiM%E. m=3,n=2RXYXOE&FAE*AVTI ATy 7T
EVWTHENrOL, 2F Y,

(Amnfz.mf(nfz))(Afz. f(f(f2)(Afz. f(fz)) = --- = Afz. f(F(f(f(f2))))
L B2 LETRE,
BIXH - DHERLCLOCH LR B0 ERT 52 LD TETH S,
M L63 ROBEEEF r—FORIIHT 259X LTERE L,
1.zero—0 THBH LS 9 EHET 2iksE
2. mult — I E

3.pred — 1 %5 <%k (&)
4.sub—3|=HE (pred %187 ILAHE)

8 22 Tpair & A\fsd.dfs t W) S LIRCERT 5, 7. fst,snd %
NEN. Ap.p(Mfs. ) Ap.p(\fs.s) EF 3. fst (pair My Ma) - My Tt
Y. snd (pair My My) 5 M, t7% 5%,

RIL6.4 L2 BREMNE 1 RT Yy TTHEVNTHEID L,
BIL6.5 " RMEEIRT B0, cons, nil, isNull, head, tail |2 %5
LIRNEERL L,

YareEx—49-—

Z LK. (Az. f(zz))(Az. f(zx)) 2 Y L3,
YF 5 (Ae. F(z2))(O\z. F(zz)) Th B4, 0kint U LB ¢,

vSFru A rEu) S B RPEG(FU)- ) e sz esbss, U
T FOTEELEZOND LSO, Y DT L% TEAEEET (fixed point
operator) ¥ LR, ZHLHIRY IBREAKEERT HNICAVSEZ LN TE
60

BlZE, factt WV T LITRERDLIICERT %,



Y (A fz.if (zerox) ¢, (mult z (f (pred x))))
N BRLADEROBKEERL TV 5,

f1L.6.6 LD fact "FEFROBEAKERRL VB L%, s R EDEKNLF v
—FEERWT, O oL, 727U zero, mult, pred £S5 LFTRIET TIC

EHZEINTVSRHLNDUREL TRV, (DF Y, predc?,gcz’l‘twatiﬁ‘#’@x
Ty TEENELS TRV, )

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

LA Ucsc ZTF o Afz.if (zerox) c1 (mult z (f (pred z)))
UY (\e. F(zz))(\z. F(zz))
5 FUe

B

— if (zero c3) ¢1 (mult c3 (U (pred cs3)))

I
COEHITLIARBREAKEERT S22 A TELNT, LE SRVEHE
ERTIUDTES, FRENDTLIANBLET 2 (EREEHD) 1 0%
HETEIERFTRERTHEI e MOENTVDS (f Fa—)>T3T 2 0fE
1 MERIRE)

L7 ZDENE LD

UETS LTHED, BRLERLNS, BHARTOTSIVIEELART
CENTIZL W) Zedbhn b, PR L BREGHDERLR CoHIEE

B, BROAR DT IRESLIHEDP TERRT S UNTHETH S,

FR2ODFLTANEMTHEL VI RBOLLUEBNBEZICTE S (FH L,
2ODTLTANFEMTH S L WVIBHEREICTELDIE. EREIEET S
BAETHb, EREHIBFEELLRVTILITRDIGEICIE, BV BBHNTS
RVWDIZ, "R ULAELOLNRVWSLTANBEET S5, ZNH. D, ¥ Pw
72 ¥ DAY (domain) ST 2EMmHISERERTH %, ).

BIEGICIE, LVEML TSIV ISEENERESLIRNY LTEETS
CrHEETH S, LaLies s, BRISTRTOHER2MBRL S LTHET
HRTBE, BOSELRYTETLEVAATH S, Haskell ld, EXEHIZIZS AL
FEEIZ, WAEVWERRERNLEN (BXLOER) CaELRBEYITLEEN
L (F3m) 7uarls3i>7E8&8TH5,

L8 ISICHELL MY EVWADLEDIC...

Xk (348 1991) E. SLTHEIIODWTTEICBHL WS, XE (Y
4 1995) D 12 BILHL T LI HBENEIHIH 5.

(B 1991) BB EF "HEH® —HETaEM YL S L 5HE) HARR
23, 19914, ISBN4-7649-0184-6

(Y1 1995) S - Y1 GKRIEFER) Tnss3I>7sE0H
ABY#E, 7YV - Iz RALA,1995 F, TSBN4-7952-9663-4





