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T (Ax.y) (Ay.y yy) (Ax. x x X))

D'IX'712 DV1V'A7 XTN7 2'wNN (2 D'INY
(7127m2 1K [77NW) NIKAN DNTANN NRIM)
tru=At.Af. t
fls = At Af. f
test=Al.Am.An. Imn

or=Ab.Ac. bTruec

1027 nnn call-by-value semantics (reduction) 2a1lw'n 1AN>  .X
test (ortrufls)ab
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Co=As.Az. z
c;=As.Az. sz
Cy =A5.4z. s(52)

c3=As.1z. s (s (s2))

succ=An. As. Az. s(nsz)
plus=Am. An. As. 1z. ms(nsz)
times = Am. An. m (plus n) ¢,
iszero=Am. m (Ax. False) True

?cy N'D NRXINN DXN ,Call-By-Name NATya succ ¢y DX 1AWN .X

?cy N'D NRXINN DXN ,Call-By-Value NAtya succ ¢, NX 1AWN A

TN NIRYN DTN DTTIRY '9 'Wa0 190N 72PNy isodd N''¥2119 NN .2
M2IT 190NN DK fls-1 "AIT-'K XIN 190NN DX tru

NN awUN T

isodd 3

isodd 4

Simply Typed Lambda Calculus :4 nIXW

X INDIN .MYPNN nYRapny D T 9 019'0N 1NN 1A' ,NINAN NIV Apnn NNX 702
NN 9700 win'y In DDNyrape

X. f:Bool — Bool I (f (if true then false else true)):T
1. f:Bool = Bool I (Ax: Bool. f(if x then false else true)):T
A. F(Ax:Bool. Ay:T. yx):Bool= T —Bool—Bool
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.Ocaml| Now2a XTN7 2'WNNY Interpeter-1 Parser Nn111 N7 7'aaN2

NIVIPNY NITIPON DY NIXAY X77 79170071 0DX NRNNN9N 72, Ocama win'y nwyl 72a7na
.readme.txt-2

NINIZNA 1271 127 0'Y¥APA NAYYT 'R .00 DINIoNRN NMIZA NI 0DNX 0172 0N ‘7D
.INNIDI DX XTH71 NIDS0N NINNAIT 7V NANDYW TIgn DX 71727 W' .07

.NIX AN97 D*7'NNNY 197 1910 TV 72NN NX XKNP7 Ymm
.Q1I¥NN readme.txt Y2172 120M 7'AaNN NXIN [9IKY 17 IN'Y

1037170 'ANNN .let expression DA 7710w AN1IM XY 2'wNNY Parser N111 IT n'7XwA
1431 p
:(A) XN™%? Dipna \ 7002 D'wnnwn X XN PITETY MY YTam
1 L

to=id | (\id. t) | (t1t2) | (t) | letid=tlint2

.application-1 abstraction ni71y97 2'aon 0'MA10 2NN PITRTNY 17 IN'Y
NOWI N'PIN N7 XN ANAN NTNNNN ,XNAIT?

let tru = (\t. (\f. 1)) in

let fls = (\t. (\f. f)) in

let and = (\b. (\b. ((b c) fls))) in
((and tru) fls)

NN '0PIV0ANN 1ANNN MV [N1W ,AST NIN NDWA D107 'O AIX'N
Term ::=id | \id. term | term1 term2

TNl L (DT YAl NNYY I'R) IT N9Y 1Ay X'min Lexer-n DX 700 lexer.ml yaipn
.token o19'vn NX
019'0 NNYY7 |'R) AST-N AIX"7 YNWNY X1 019'0N NX ' Tan parser.ml yaIizn
(Nt
Type term = Variable of string
| Abstraction of string * term
| Application of term * term

NINQAN NI'¥AI9N D'YUNINN parser.ml yal?a

parse_term : token list -> term * token list
parse : string -> term
format_term : term -> string

nN'wAIl term NTRNI tokens 7w Nn'wn N7apn parse_term n'NjIoN o
w21 parsing-n1 NN SyntaxError NIT N'X719N .INKWAY tokens 7w



1anNa Dalx't My let x = t1 in t2 NIXNN 01022 N7O0N N'YAION
2 '07VOANRN
(\x. t2) t1

193 let expressions 7 NIYNAWNN DX TQWNAY AIX* DX INTY 1VIDNWN)
(DnIX 0N NRY
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("o 1N Y annn v

NTNNA NIYXNARA 17W 21X DTNNI term N'7apn format_term n'¥719n o
72U N71VONY D — NOWA N'RIN N7 1D AT L(N09TN NIXT7 NNnaiT?)
M term-7 NNt term n'TNn format_term 7w nX¥INN 7V parse
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JINAN NI7RWA ,0%7W X7 2'WNN 1Y interpreter N2 reducer.ml yalpa

2TINN NITNNN 7w NIxIAp ax'e 1 utils.ml yalpnn StringSet 21mina wnnwa Nt yaipa
,("IDI ;02K DRXIN 02K N90IN L TIN'KR) NIXIAR 7V NIXIDY NITIVD 1Ay N9 7'n
NI¥1AP NO9TN? NN NX{7219 791 DA utils.ml yaipn .0Caml library : Set.S 2 ['"AT 19W TIY'NNI

Jirnnn v

N'¥72190 NX reducer.ml yaIp? 19'o0in X

fv : term -> StringSet.t

A7 W' DXIAPZN DX .12 DYYOINND DNYAN NXIAR DR 2YTNNAL term N7apny
DINWUNN DX DX R L(utils.ml-n yanw) StringSet 2Immin niyyxnxa
P "2'ORITIR [DINA 'TANYT [N D'WOINN
FV(x) = {x}
FV(Ax. t)=FV(t) —{x}
FV(t; t3) = FV(t;) U FV(ty)

UTN NINWUN 7¥ DY VI'TRNY N'Y21197 D' RIRT 1IX ,alpha-conversion wimn IxY?
YN DX 720 reducer.ml yaipn 73 NIX7 .WIN'wa DINWN 7Y QXA 1'RY
.D'"MYON D'INYN NINY 7w nn'w 7'onw | possible_variables: string list
'N'¥j2190 NX 119010 reducer.ml yaljpa

fresh_var : StringSet.t -> string
NN WD 0Y D'TNNL YIN'WA DNWUN NINY 7W DXIAZ D720 0'¥1on
N{IT N'Y7I9N ,WIN'WI NN'YI NINYN 721 N T'NA .possible_variables nn'wn
.OutOfVariablesError

:D'¥72190 DX reducer.ml YaIp? 19'01n

substitute : string -> term -> term -> term

XN Npna alpha-conversion 7715 (substitution) n97nn wnn? 1T nrxpae v
DX 'TN* substitute “x” t1 t2 "M0'ANW Q1D XIN D'IVNION 1TO
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12 [x -> t1]
("orn? X'71) t1-2 197NN x NINWNN 7W D'Y9IMN 72 WWUKRD t2 i

alpha-conversion Nyx¥an XAy N ,NMIPNn 722 N97NNN DX YXA7 NDMIX NYAI9N
:NQN [9INQ NA'OPZITIN ITANYT [N A'¥AI9N N7IVO DX .IIND NN

:NQN [91XQ X'N Substitution 7w nNTANN

X[x ¥ s] =s

y[x +— s] =y ify + x

(Ax. t])[x—s] =4dx.t;

(Ay. t1)x—s] =A4y.ti[x — 5] ify #xandy & FV(s)
(Ay. t1)x—s] =Adz.(f{[y — z]) [x — 5] if y # xandy € FV(s)
(L )[xr=s] =[x v s]tp[x 5]

‘N'¥72190 NX reducer.ml yaIp? 19'oin .2

reduce_cbv : term -> term option

.call-by-value njz'vino '9%7 (reduction) AUW'N U TAX TYX WNN? IT QX719 7V
.reduction y¥2%7 N1 term 75 7y X7¥ |11"> ;term option 0I19'UN Y NY'TAN N'¥AI9N
XN'D DTN )W NiIvnwn

(reduce_cbv t) = Some t’ if t->t’ in call-by-value
(reduce_cbv t) = None if t is not reducible in call-by-value

DN D'T'N'N D'DIWYN IWRD L7101 1YY 1ITN7IY 07750 IR Wnn nd>MX n'yjion
.abstractions

‘X719 NX reducer.ml yaIp? 19'oin LT

reduce_cbn : term -> term option

.call-by-name n'vino '9%7 (reduction) 2W'N U TR TYX wnNN? IT NY19 7y
720NN 1D PIMTA KIN NTNN Y NIvnwnl term option 019'0N Y NY'TAN N'Y719N
D'DYN IWUKRD L7101 1YY 1AW 07700 DK wnn'? NdMX N'¥190 .0TIEN 9'vo1

.abstractions bn D'1T'N'N

NNQN N'Y190 NIR 700 tests.ml yalpn .0
evaluate : verbose:bool -> (term -> term option) -> term -> term

Nn7apn X'N QoI LI-0 D'9'YO] DNWNMY NI'YZAI9N NNX DX N727Nn 1T N'Yj719
N'¥71191 WIN'y IN irreducible X'y NIIX? TV N1A'0I0R LINIK DAwNNL L term
AIY'NN Y'70N DK N0'™TN DA DYAI9N L true NIN verbose 10UNI9N DX .NAININ
JDNIYA NI'0IN02 D' T2 NIXNINE DMIYRY AT '0777 790 DA tests.ml yalpn
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