ZLE 5L 5zE (A-calculus)

L1545z E L7

SLFEFELIE. BEREBBICKRRTEL2ONEETHY . SL9HELIES
LPEEEAVT, EHOMBEIIODWTHLEEODERETHS, SLTHE
d, BT, LOrEIANBRRVOTETH S, . L6753 FY v rX=F
DA (RKXZFIEAN) OZrTHY., ERERLZTHDII, SOANLWIXFELH
WEZ¥AE, ZHEZTHENTWS,

- :Ttiﬁgﬁb (untyped) 0)3[—\7%"’§%%4]‘T%: ZL:_j-%o

SLTEHERIVLC & HICBEMERIERRATH B0 $
RYDHEETTLLRENHEEHNEBET S22 v monTVW3, oF
Y, BENIDE21—7— Y EBRIERZEDNTEREN EHD,

R L1.1 F v —FDiRE (Church's thesis) ¥WIHIBEIZDWT, TOELZEZH
&JO

SLTEE - SLTHEIIEROLHERBZOLHIT, B<EPLNSE, 20D
BETIRSLIHEND T EANLEHY EBNT 5,

L2 S LRkt (k)
ERERTREN 2,y 2 .. DEIITEHOLNTWS GREIEXTLI 7Y 1
XE) LT, ROEI "D "2 LTWEHDETLTREES,
1. EH —EENERRSREILIRTH 5,
2. BA¥GERA — M, N 55 L9R T35 (MN)LFL9RTH 5.
COADEEHN L ERIE. (BA% M
ZEHN THRUH LAKR) THS (CERBLRECTIIEEERIIL f(a) &

ELH FLTHETIE, 3I80RA Y OEIMASER WD Y 1SRRI
BN LETH S, ),

3EBHE —M 2549 2 2 FBRETBLE (A2 M) L5749K
<hH 5,
ZHORDEEBHLERIL, Th 3,

BNF TERBETHE2ULUTOLEY TH S,
M e V | “(”MM“)” | “(” “A”V“.”M“)”
V e “x” | “y” | “z” | .

T, 2,3, .. X+ — R EDEREENT 58D H S, LIS I,
T - FAKGER - BRMEN 3 DDA LR M LTEHERRBNT 3,



7 LITRADEF

L(Az.2) — 2> 2 L WHFIEERITER- T, 2 €XNEFRT DT,
1BEEREE % &L T35, Scheme DEeiE7% 51E (lambda (x) x) £\ ) B
BHTHY. CsId,

int id(int x) { return x; }

WO id 1B T S, A RX Scheme Tld z 4% int B ¥ W I #HIFRIZ
WA, CTRZDESITHDERN L VCEAREZEET S22 IITERY
DT, EELintBITLTWS, )

2. (Az. (Ay.z)) — M 2 LW I FIEERTRY . (Ay.z) W) BEEE
REEETH D, ZLT. (A7) LS B, y o 3KE SR
Ve (SNEERL 2 2RIBHETHS. 23 Y. XehIHHEELK
T“%%O

AEEICIE, BRI EOBEERIEEIIRVOT, 2oL I L EAKER
TR T, 23IKEHROVRBLET B2 9 Thils, 2FY. CNiLE
<.

int foo(int x, int y) { return x; 3}

L EIND 23KOMEE (\r. \y. 7)) LEVTLEIDTHS, 20
L1, B KER LT ERERTIEAR L LTHRRT S %,

¥E3. #')— (Curry) &, EL L EKIPHRIPFH Haskell B. Curry
(1900-1982) NI B ATV 5,

3N (Az. (f(fx))) — B frT—9 2 22IR->T. fRall2E
BAYT HEBTH 5,

L3S L9HENE=F Y (FHEHA)

BETI4+2%x3 214627 eWHIEHIEHEORANH LI, 5465
STELEMA (BERAMAA) 1MROSMN TS, FlAE (\z.z) FIEFEEK
ThY, FEOFLIAMIH LT, (Az.2)M) > MrEBESH]ZZZh
TE3%, F1.

((AF- Oz (f(f2))))M)N) = (Az. (M(Mz)))N) — (M(MN))Téh 3.

FLIHENEHRBRAE EXIBNT BRI, WSO DSBLAZEEHAL
THE<,

RELHE - BHEEK

Az. M) e WHSBRR»HZ L 5, 2 2 OBLRNTHRE S (bound) TW

2rvwd, Zors, MobTHRE (occur) T5ZE¥z % (bound
variable) ¥\ 3, RELTH ALV (ABICHIET 3) TH% (free

variable) ¥\ 9, (BB AT HUIZEIMMBERIEZ. TLZTHLHIEICAH
kLR, )

BlIZ L. (Az. (zy)) O z (IREBEEHL, y IEEREBTH S, 1.
((A\2.2)2) D z IRGINLETH, BRICHERLTVWS, —HERD 2 &
Az, ) EVIEORIIA>TWRWH L TH %,



CHOBRBENFIDL HIZ, REZHrEHERICALEZAELN TS, B
HLOTTH2, 22T UTOHBTIIFRELTHIIABTRE LR 2D 5
unkHic, BE., LRI BEAETE3LDOLRET %,

QL3I UTDOS LIRNDEHRNEIRN I b, YNV BHER. YN0 RBEK
"7

1. (Az. (yz))

2. (a(Ab. D))

3. (Aw. w)w)

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

—RI<TOT 5 I TEETRIBDLAIE. OEKLEIOD 5 WVIRY
REIBATHLR. FLI9RETILRAKTHY . (M. (yz)) ¥ (A2 (y2)) IR
CHnrReINsg, (COLHIEBNLZE e IIELSZE (

) EFRZ BB, ) L. (A (yz)) € (Ay. (yy))E3l
MTHb, COLIICBADERT 5 a B IFFINLL,

QL32UTNI B, aBHICL->TRAZF LR 3T L IR EEN,
(Az. (zy)) € (A2 (2y))
2. (Az. (Ay. (zy))) € (Ay. (Az. (yz)))
(Az. (Ay.y)) € (Az (Ay.y))
(

4. (Aa. (Ab.B)) ¥ (Ab. (Aa.b))

1. (Az.

3.

B R

SLIRXNM N EEBz0’H2eE, Mz:=N|ewiiks MovnEaH
R DEREIR TN TESMATHELNEGILIREERZTLNLT S, (2
0)_[_ = _] Kh")uﬂzﬁ@ﬁ‘li7bx7'h0)7f+7|‘0)\ )( 9 fdna/‘K’( ?)%o )

Bz X (Ay. (zy))[z = (Az. 2)]lE. (Ay. (M2 2)y)) 72 %D
(Ay. (zy) [y := (Az.2)] B, (M. (zy)) DEETH 5B, yld (My. (zy)) i
BHRICEBEL TV RWHLTH S,

B %4
S LTHEOHERAL, £AIC MK (8L, Breduction) YHEIEND

EHFNATH S, BRAIZIE, BEORSIBEESIKTE SR LBET
Hb, TNE. FLTAROFD

((\z. M)N)

YWHRE LAY



ICESRAZERTHS, COESHRANVBERTRELB AN L % (8B
redex) ¥ B33,

R
(M. O (£(F2))) O 9))2) 2> (O (g ) (Ow-9)2))2) 2 (O 9) (O
QL33 RXRDFLFR%E (1 2T7v7) BREANE L.

1. (Aa. (2) (A= (23))

2. (2. My 2)) (A2 2))

3. ((Ay. (zy)) (Aw. w))

tor@mAWElE LT ((Az. (z2))(Az. (z2))) £V I 49 R, B EKDLEE
R, BPBEFIIRS, 7L9BICEABENT OIS IV ITERILHEHLOL
BYBELXPBRIAZ VG, TNTHEE SR VHEEERT 22 L6 TE5
EW) Zehhh b,

CHULE BENERT LN TERVILIRE Wi, Moo Bl
HEBRYRLT, N WO ERBICBETZE, N % M OERE LRI,
LB THABLHICEREEEH LRV LAITR VI DLDLBEET 5,

L4 5 L9 ADEEEEE
LoRHENTE L, BRIEAHYTEEOT. ROL I RBREDHRE
BALT, BROKEHHT 3.

1. AZ1Zy - Ty M = (Azy. (Azg. (- (Azp,. M)))) 2F Y. NI HELS
HBERNEHHOLTI2ETEL,

2. MiMsMs--- M, = (( . ((MlMg)M3) . )Mn) 2%, BEEEAIZE
IKEET 5,

Fr MERLY LEMEROLSBEESEN, D2 Y. Azy. MMM, 13
(Az. (M. (MiMz)Ms))) OB Y % 5, (Ax. Mi)Ms 13¥EMEEB LT L E
56, Az (MyMy) tBEID S %<H>TLEI DT, BIREERTE%
(VAN

BNF TEIRT B EUTOLIITH B,
M = F| W4 M

F ==A|FA

A =V |“C M«
Wu=V|VW

V o= g | “y” | “y | .



Bl Afz. f(fz) & (Af. (Az. (f(fz)))) PBEZTHY . (Az.zz)(Az. zz) 1&
((Az. (zz))(Az. (z2))) DB TH %,

F BB CET B S0}, BREEVBY (BOPT) ERXRRTECR
LT, BHRIL. BEBIEICT 24BN H 5,

QLA RD S LT EDBEI A F ERTEICERE L,
1. Azy. xzy

2. z. (A\y.y)z

QLA2 RDFLIRENERGEEE. TESLIFREME DL LEBEREICE
e L,

1. (Az. (M- ((zy)(zy))))

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

L5 S L9 ENMHE
K BMENTVWESLTHENDKHE %2R L TRNT 5.
¥ v —F - @ v — (Church-Rosser) M EE

VEODFTLIRICKBY Lo BREAKNITRERZL1'HS, CHrE BELb
BEMKETRI L. BoEIIEaMLTLE S,

Lo L, D ELLAERY SREANT AL ORI NLAEZDDEBUERIES
EHNNTES,

(J



YWHZ 2R RTWSLERTH S,

CHIIREIC, HESLTAICEREIBEET SR LIE, FNIE— LW
(a0 ZEHBIZEZBVERLS) YWHI T EFRIELTWS,

R ¥R

ERELIBEETEI7LFARTEH, TFIC (EFIT?) BEEBATVIFIE, W
EITLBMMELBETLIEHY I3, Lo L, BLENSIELES B&%
BATITIE, ERHOBET S5 L9R %518, $TERMICEET L2 L
HEAETH 5.

Bl: 5 69K (Azy. y)((Az. zz)(Az. 22)) & (A2 22)(A2. ) DE D % [
HLTWBY, WOFTHERBICEELLWY, RESEEEBICTSICE
I Ay.y 1o %,

QLS I XUTHSL5RE (1 R57v 7)) BEEREL,
1. (Az. (M\y. z)z))(Az. 2))

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

L, REBBIERFICFNET 22OICKRIDRNOR (2F Y BEHD
PreW) AEYIERLARV, (LLE, FHITRVWIEDAENS, )

L6 5L LAVSLTR

WBWEhTF—9NnER

MR S LTEHEICIE, BRRLCOMAAALDT — 9B LW, —RLE
YEZ2ZE2B%RNDHSAENTELLIICIIR ARV, LHL, ZRICIZEBE -
B - AR DT— 93T L9HENDPTERRET ZZ 9 TE 5,

BBl LIRSt M. f & TNZT N true, false LFRZ T B, &
fz=. Acte.cte ¥\ T LITRE if LFERT XICT B,

if true My My 5 M, TH Y. if false My My 5 M, Th 3.,
BIL6.1 LD BENE 1 ATV TIH>EVNTHEINDL, 2F Y,

if true My My = (Acte. cte) true My My — (Mte.truete) My My — ... —



THsZrrrtd,

F v —F 0¥ (Church numeral) 549X Afz.z, Afz. fz, Afz. f(fz), .. &
0,12 .. EWHERIIHRKTSLW) BT, co, C1, C, ... & 3N, —RRIC Cn
(=g

Ao (1 (f2)--)

~
n

=

EWHAFTLIRTHS, 22 Tplus LW FTLIRERDLIICEERT %,

mnfz.mf(nfz)

T%Y¥. pluscycy —ﬁ»cmHl ¥ 5,

fIL62 LD BREMNE. m=3,n=2RLrOEKFAEAVTI RATY TFH&E
WTHELND L, 2F Y,

(Amnfz.mf(nfz))(Afz. f(f(fx)))(Afz. f(fx)) = - = Mz f(f(f(f(fz))
Y %2 ERYE,

SISE - DHELREDLORHLI LRIV ERT 52 UHNTRETH S,

M L63 RDEMEF +—FOBIIHTE25L9R L LTEELE L,

1.22r0 — 0 THEH D EHET BiREE
2. mult — " ITE

3.pred —1 %3 <BA% (&)

4. sub— 3| =H (pred %A ILHHE)

8 2 2 Tpair # A\fsd.dfs L\ WIS LITREEERT S, /-, fst,snd 2%
nxi. Ap.p(Afs. f), Ap.p(Afs.s) ¥ T3, fst(pair M1 Ms) LS M ThH
Y. snd (pair My M,) LS M, t% %,

f1L6.4 L3 BEEHE 1 2Ty T HD>EVWTHEID L,

RIL65 YR MERIBT S8, cons, nil, isNull, car, cdr \2XFKT %5 L
9\‘5&; & i%ﬁ; o

Yarex—9-—
ZL9K M. (Az. f(zz))(Az. f(zz)) Y L3,

YF 2 Oz F(ez)) (2. F(zz)) Th o4, 206E0%E U LBL L.

B B B B
UL Fru S FEU) S S R (FU) - ) e h B2 e abnd, U
T FOTEBELEZONDO. Y DL 2 TEHAEET (fixed point
operator) Y 63, THLHIRY IBREAKEERTSDICAVSE 2 T
x5,

BIAIE. factt W3 5 LTRERDE S IERT 3.
Y (Afz.if (zerox) c1 (mult z (f (pred x))))

NI, BRLAHDEROBEBEEERL TV 5,



1 L.6.6 LD fact "'FEFROEABEERAL TVWBEI %, 3 BREDEKNLEF v
—FEERAWT, oL, 2L zero, mult, pred 2 D5 LT RIET TI

B
EEINTVEHLDLRELTRY, (2F Y, predcs — co BEIIRFN R
TYTEENRLLTRY, )

factes = Y (Afz.if (zerox) 1 (mult z (f (pred x))))cs
4 Ucg 22T F = & Afz.if (zeroz) e (mult z (f (pred x)))
UL (e F(zz)) (M. F(zz))
i FUcs

g if (zerocs) c1 (mult c3 (U (pred cs)))

B

L7Z0ENF D

METS LTFHED, BRLARRLNS, AR TSI TEELAERT
ZEDNTELZ LW Z e hh s, i < Y BIRE Y FGEEG C 0 S
B, BRRCOT—IRESLIHBENOPTERRTZ2 U TRETH S, &
202D F LA EMTHZLVIBR/LLUEBNEZICTES (FG1L, 2
7@7A9tﬁ#ﬁ1%étw BRNVBEICTESZ0IE,. FREVEET S
BErTH2, ERENIBEELLZVILIRDIFEITIE, BV BBNTSE
RVWDIZ, "BAIL"Y LAEZLONE VWS LIRDNHEET 3, 24D Dy X Pw
72 ¥ DA (domain) ST 2BV EREHTH 5, ).

BIEMICIE, JYEME TOIS I I2ENE%RESLIA L LTERRAT S
CrLHMEETH S, LoLid s, ERICTRTDAESMBRL S LTHET
HRT B, BNSLRYTETLEVAALTH S, Haskell ld. EAXRYIZIZS A
FHEIL, WARWERRERNLGHEY BXLOEK) LEERBEIITLEEN
Lz (Fo) 7as53>72ETH5,

L8 T5IZFE LS mY WADEDIC...
ik [1] 1. 1R ERH http: //www.kurims.kyoto-u.ac. jp/~cs/csnyumon/ A 5

FIIND, ZOHBDABICSLIHEDRGNH S, B [2) 1&. S LTHE
IZOWTTEICEHLTVWS, XEBID 12FBIZLSLITHENREHNI D 5,

1. HREHR=- RANEA -BILH I>Ea—9H4 >IN —HE
¥ 7’a g S LEB%RH) BKRENE, 1999 &, ISBN4-00-006190-9

2. B EF Tt —stETREM L T4 93y RAFEA, 19915,
ISBN4-7649-0184-6

37t vy 4 (MHER) "T7TorsI>rsEZnBaviEs, 7YV
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