FLE S5 LT FHE (A-calculus)

L1 SALTHELIR?

SLFEErIE, AREBRICERTEL-DNEETHY. SL9HE LIRS
LTRFETRAWVT, EEROUEIIODVWTHLZEODRETH S, FL9:HE
2, BT, LrIEANERVHITETH S, ©H. L5 1EF) v XF
DA (KXFIEAN) OZeTHY., BEEZRLZTEDII. TOALWIXFELHA
WBZEHS, THOETHRIINTVW S,

2Z2TCl3RE L (untyped) D= L\?%’fﬁ%%ﬁ?% Xty 5,

SLTHBEIZVL &) ICHEMAREKRTH S0, ®

REDHEETLLRAEZDHEERHEAT L2 5oNTW5S, DF
D, BENI>E2—9 - rEHROICEBAZENHERENEHE S, (XTI
SBEIG L THERELEREL TV S, )

B L.1.1 F ¥ —F DR (Church's thesis) L WA TEITHOWVW T, TOE%RZEZ AN
J0

SLTEE - TLTHBEIIEBN L EMRZO AT, B EPNS, 20D
BETIRSLTHED T EANLEY) 28BN 5,

L2 SL9RKo=6 (3UX)

EEEZRTHEY 2,42 .. DLITEDLSNTWS GRERITLI 7Ry b1
XF) LT RDEIRDELE"EZLTVEHDE S LTA LIS,

1.E8 —HENEHERSIISLIRTH S,

2. BBEEA — M N 5549355, (MN)L3 549X TH 5,
CHOANDEBNLEKRIL. (B% M
FEMN THRUE LAKR) THs (CEERLETIIEBERIL £ (a)
LELHN FLTHETE, SIKORAY OEIMAKELR VD ) ISR
IS LETH S, ).

3EBME —M 2549, z 2BReTBrE Ao M) HF74L9K
<hH 5,
ZHOXDEBENL BRI, Th 3,

BNF TERRTZUUTOLEY TH S,

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



Tz 1,23 .. X+ — R ENDEREENT ZIH5ELH D, LIS < IE,
T - BEGER - BEMEDN 3 DDA LR BT LIHELRBNT B,

5 LT ADF

TL(Az.z) — 2>z L WIHFIBERITIR-> T, 2 2XNE FRT DT,
BEEBERL TV 5, Scheme DEEER 51 (lambda (x) x) &\
SEBTHY . CsId,

int id(int x) { return x; }

YWHBE id 1A T 5, AR Scheme Tld z 4 int B ¥ v 5 #IFR
WA, CTRZOEIICRDOBIROLVEARETERT S22 LIETER
WOT, FBFELE int BIZLTWS, )

2. (Az. (Ay.x)) — 2 z tWIHFIEERITRY . (A\y.z) VWO BT
RIEBTHS, LT Ay.z) LVWIHIEKIR. y LW IH5I8EZITR
Do (SNEEBRL 2 2RIEABTHS, 22 Y. AKRISHEK
TH5,

AEICIE, I HOBEEERTITEIRVDOT, 2oL ) R"EHKEIR
FTEH T, ZIHKEHOIRALTSZ e Thbins, 2FY. CHELE
<.

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

ERING 25180BEE (A\z. (A\y.z)) tEVWTILEINTHS., 2D
LI, BHAKEEABERIEAR L LTRRTSI v,

Y&, #')— (Curry) &, FB%EELREFE Haskell B. Curry
(1900-1982) D &I B2 AT\ 5,

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

L3S A9 HENDEFY (FHERA)

BET14+2x3=21+6 =T YWILIIHENRUN»HELHI, S45
HHELERL (BIEAKRA) 1ROLSNTWS, FlAIE (A\z.z) IZTIEZFEK
ThHY. FENDFLIAMIIH LT, (Az.2)M) > MrEZH]ZSZ
T3, F1.

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

5 A FHEOERARE ERIBNT BRI, V<D ORBELABERAL
B,

RAGEE - BER

Az. M) L WAHAFERRHZ L E, 2132 0BAYRXNTHEREIMN (bound) TV 3

¥rwi, ZorE, M oPTEHR (occur) T 58Kz = (bound
variable) ¥ \V 5, RELEH TR\ (ARICHRT %) ¥ % (free

variable) Yt W5, (BB ADTHEITEANSIERIZ. TLZTHLHBICAHY
YhLBW, )



Bl (Az. (zy)) © z EREEEED, y IIBBEERTHS., 1,
(A2.2)2) O z BRGINAETH, BRICHERL TV, —FEHKRD 2 &
Az. ) EVABOFITA>TWRWH L TH S,

COREZEOFIOL I, REZTHRAEERICACLZIMELPN TS L, B
O TH 5, 2T WTOZBHRTCIIRELTHIIBHER Y ZH0329 5
LI, BE. LFEORITBELE2T23LDOLIRET 5,

QL3 A UTNSLITRANDEHOEEREN I B, YNHIBABHEH. CNMHIRELTE
"

1. (Az. (yz))
2. (a(Ab. D))

3. (Aw. w)w)

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

—MRISTET S I TEETRIBOZHE. tOER LI 54 WRY,
RUIBATHLRY, ZL9RETHRKETHY . (M. (yz)) ¥ (A2 (yz)) XE
CHLDLRLINE, (ZOLHIERDLRIEZMHFITEASZZLE (

) EFRZT e H B, ) L. (M. (yx)) & (Ay. (yy))E 3]
MTH2, TOLHICEBHNERT 5 a B IIFING,

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

SLIRAM N EBz0H5r s, Mz:=N|twiiks MovnAwk
Gz DHREIRTN TESBATBONS T LIRERT LTS, (2
D _[Li=_ WA REARRE T LITROBIID, A I REETH D, )

BlZ I (Ay. (zy)[z := Az 2)[ld. (Ay. (M2 2)y)) L7 B8
Ay (zy) ]y := (Az.2)] &, (Ay. (zy)) nEETHS, y & (Ay. (zy)) DI
BRICEBELTWRWHSTHS,

B ity

SLTHEOHERAL, EARIC BEK (BEH. Breduction) YIIN3
EHBANALATH S, BROICIE, BEORIIBERIIBRTE SR ZBHET
H5, KL, SLITRDFD

(Az. M)N)



tWoRE LB %

IKESHRAZEMTHS, COESMMAVERTRLIBIANI L E (]
redex) ¥ "33,

B (M. O (F(£2))) 0w 9))2) > (. (g 1) (- 9)e)))2)
5 (Ow (O 9)2) B ((w.9)2) D
QL33 RNDF L% (1 XR7v7) BREAKLE L,
1. (e (23) (A= (24)))
2. ((Mz. My 2))(Az. 2))
3. ((Az. (2y)) (w. w))

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

z

t->rBAVAIL LT (A (z2))(Aa. (z2) £ 5 T4 FRIE, B BMOR
R APEHIES. SATHECUAEOTOIS IV IEEIHBLIR
BYRLLOERS GV, TNTHEE bR VHEERRT 22 L0 TES
LW T ehhh s, (HrT, LisRVELKNERTES LH@AAT
%.)

CHNUE BEMNERT LD TERVWS LIRE (normal form) ¥ \»
Vo MH» 5 BEHMERYRLT, NYWHIERMICEETLZLE N2 M
DERFE TR, LB THHI LI ICEREEHE LRV LIREVIDD
LHEET 5,

L4 S5 LT RDEKEEEE

STETHBLAESLTROEIR, HERBOFBADLHIZIE, FEIME DT
=LY T EREN L THEI LW, - ZnF T, FIMHNEL
BRYFTEZNT, ROLILVREFZNNELTENL T, BIMOKEHNT %,

1Az 12y T M = (Azy. (Azg. (- Az M) --))) 2E Y NHIROSE
CBERANEBHHLTI2RTEL

2. MiMsMs--- M, = (( .. ((M]_M2)M3) .. )Mn) %Y, BABERIEAL
IZ#EET 5,

o, VRS LEBCGEADIZ ) MBEE &V, 2F Y. Azy. MiMM;
it (Az. (. (MiM)Ms))) OBER Y 7% 5, (Ae. My) M 2H30%E 488 L < L
FHE. dx. M5 %> TLFEW, Az (MlMQ) ERBIDON KT >TL
DT, FMIEBTERL,

BNF TRIETHIEUTNLHITH B,
M::: Fl “)\” W “‘” M



F :=A|FA
A :::Vl “(” Mu)”

Wa=V|VW
Vo= “g? | g | “y |-
Bi:

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

3 AN CET AL 20, BEEEVE Y (BEOBT) ERREEICR
LT, BMMIL. BEREICT 28BS,

QLANRDS LI HENEREEE., TELEIFREME PR LEBERICE
B L,

1. (Az. (Ay. ((zy)(zy))))

2. (Az. ((Ay-z)(Az. 2))z))

QLA2 RDF LT FENEEFF ERTEICERE L,
1. Az, (A\y.y)z

2. A\zy. xxy

L5 L9 HREOME
BN TVESLTHEOME AL L TRNT 5,
F ¥ —F - v H#— (Church-Rosser) N EIE

VEODDFTLIRNITKAY LD SEMNGTEL I L H B, THrE, B3
BEKETE S t. JloEIcKRavrNLTLE D,

M
VAR
M; M,

LoL. DELAE» SBEHNTE2L ORI NLELDEBUERTIES
EHRTE B,

-
-



EWHZLERRNTWBEERTH 5,

CHIZREFIC, HESLIRICEREIBET SR 5L, TNE— LRV
(0 ZBUTELBEVNERLS) tWIZ Y EFRIELTWVWS,

RA KB

EREIBHET S I7L9ATEH, TFIC (EFIZ?) BEEZBATHIFIE, v
FTH MM ELETSZLHY 55, Ll, RVENSIEILE S fES
BATITUIE, EREOBGETS7L9ARSLIE. STERBICEET S L
DEEETH %,

Bl1: 5 69K (Azy. y)((Az. zz)(Az. z2)) &, (A\z. z2)(A2. 22) DED % [
BHLTWEL, WOFTLERBICEELRWY, RESELBILT IS
ERE Ay.y 1l %,

L. REBRIOERFEICEEET 22HICKRIDEORY (0F Y SHEMAD
PIpW) FERLIERL RV, (LA ZHITHRWVWZIEDIEHIHNE, )

Bl2: 5 69K (Az. fzz)((Ayz 2)w) &, Bl B EEZRIRL
(Az. frz)(Az. 2) IS %0, |RE BEETRIY f((Ayz. 2)w)((A\yz. 2)w) 1<%
%, RROICIIEE 53 f(Az.2)(Az2.2) 1L 5,

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

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

L6 EBBHLAVS ALY
WEWARHRTF—9NEKIR

¥t S5 L FEEICIE, BRELCOEAALZDT— 9B L WEZDH, —RB LK
YZABERDHSFAENTESLLHICIIR ARV, L L. ERICITERBIE -
BR -7 — 9135 L5HENPTERTZ2 0 TES, THIEE
AR OHE LN WA, fa-> TWHITE 2HTRICLDIGEIH S5 D L
e\,

BEAE S L9 NSt f £ ZNZTH true, false L FRTXIT 3, &
fz. Acte.cte LN T LITRE if LFERT LT B,



if true My My > My <#Y . if false My My 5 My Tt %,
B L6.1 L&D BHEMNE 1 2Ty T 2>EVTHENDL, 2F Y,
if true My My = (Acte. cte) true My My — (Me.truete) My My — ... — M,

TH3Z iR,

F v — F DO ¥ (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(--- (fx)--+))

nfd
EVWISLTRTHE, 22 Tplus LV IS LTRERDL ) ICERT 5.
rmnfr.mf(nfzr)
I 5Yr. pluscycy —ﬂ» Crmin £78 5,

B L6.2 LD SEMNE. m=3,n=2RLDEKFAE*AVTI ATy 7T
EVWTHENrHL, 2F Y,

(Amnfr.mf(nfz))(Afz. f(f(fz))(Afz. f(fz)) = - = Afe. f(f(f(£(f2))))
YR 52 ETE,

SIEH - UEREULRXXRH LR BV ERT 52U TRTH 5.
B L63 ROEBEF v —FORIIHT 527465 LTERE L,

1.22r0 — 0 TH BN I D EHET 28

2. mult — ™ TE

3.pred — 1 %5 <%k (&)

4.sub—3|=HE (pred %1872 ILAHE)
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
). snd (pair My M>) 4 My, %5,
B L6.4 LD BEEMNE 1 RT Y TITHDEVNTHEID L,

BIL65 " RNE2FI]RT 5781, cons, nil, isNull, head, tail |12 RT %5
LIREERL L,

YarExr—9-—

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

vSru A rEv) S B REG - (FU)- ) e mzesbss, U
T FOTEELEZOND LSO, Y DT L% TEAEEET (fixed point

operator) ¥ HM 3, THLHIR Y WBREEARLTEET HDICHVS I L TE
60

BlZE. factt W FTLIRERDEIICERT %,

yars53>7

i
3
E
i
—
ot
ES)
\l



Y (Afz.if (zeroz) ¢, (mult z (f (pred x))))
L. BRLADEROBKEERL TV 5,

M L.6.6 LD fact FEFROBEAKERRL VB2 L%, s R ECDEKNLF v
—FEERWT, L oL, 727U zero, mult, pred % £S5 LFTRILT TIC

B N
EREINTVWBEHLNDYREL TR, (D% Y, predcs — ca @ CI>BFRN R
Ty TEENELS TRV, )

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

LA UcsZ ZTF &« Afz.if (zerox) c1 (mult z (f (pred x)))
UY (\e. F(zz))(\e. F(zz))
5 FUe

B

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

I
COEHITLIARBREAKEERT S22 A TELNT, LE SR VEHE
ERTIUOTES, FREDTLIANBLET 2 (EREEHD) 1 D%
HETEILRTARETHEZ U MENTVS (f Fa—) Iy
i MERIRE)

L72DENF LD

UETS LTHED, BRHLRERLNS, BHRTOTSIVIEELART
CENTEZLWS 2D D B, PR L BIRLERED KR COHIEE
B, BROAR DT IRESLIHEDODP TERRT 5 UNTHETH S,
T 20D LTANEMTHE LV IRBLLLBEOERICTE S (KB,
2ODTLTANFEMTHZ L WIBHOEREICTELDIE. EREIEET S
BAETHb, EREHIBFEELLRVILTRDIGEICIE, BV BBHNTS
RVWDIZ, ALY ULAELZOLNRVWSLTANEET S5, ZNH. D, ¥ Pw
7 ¥ D4ES, (domain) ICBIT 2IBHABERIBRTH S, ).

BIEICIE, LVEML TSIV IEENERESLIRNY LTERETS
CrLHETHS, LHrrLieds, ERICTRTOAESMBR LS LTHET
ERTBY, BNSELLRYTETEVAALTH S, Haskell 12, EEAHIZIZS A
FHEI, WARWRRERN LB (BXLOER) tEERBIITLEEN
L (F3m) 7urss3i 788 TH5,

L8 5L <Y EVADEDIC...

Xk (348 1991) E. SLTHEIIODWTTEICBRHL WS, XE (Y
4 1995) D 12 FICHL T LT HBENEIHNH 5.

(BHE1991) BB EF "HEHR® —HETREM L S L 9E) HRR
23, 19914, ISBN4-7649-0184-6

(1 1995) SE -ty 1 (MIER "oss3I>IzZB0E
ABY#EE, 7YV -9z AL A,1995 F, TSBN4-7952-9663-4
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