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A. TIRERSE, WISTFlHE:S

B. To a man with a hammer, everything looks like a nalil
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15 Z [0 : 2N AR BRI 2K

X 111 (BREL) 4308 Xy AR Y, #RFAE R —/X
A CXXY R—=ANEE, JHER G4 T HRAFRL:

vxeX : {(x,y) | (x,y) € fll=1 (1.1)

HHAH: 2 FBEKf, FFREXBRPHEN—ANTE x, &L
MP ARG LELRGE—NMLEF Yy SR,



B Z[OI: REBEXNRRTS

» XxY: —PEGE, HEXN{xy)|xeX,yeY}.

» X > Y: —PHEZKNES, S5 HMNESHAELLX N
FE X LAY S EIE Y R

» fi XY FEMT feX>Y, BN fe—THE, HEX
o X, EECN Y FR X - Y NERE f SRR . A — R
X E, R xeX, FAFR x FIFER N X, iI£ 8 x : X; [H
i, HFR X AR X.

> f(x): BREL f 5 O8I TT R x X AR ME? . BAR,
XMERFZ fEBH R —1ITE.




BEZO: FRANSEENS

» N: HARABES
N ={e|leeN, e+ 0}: JF 0 HREESL
» Z: BHES
7" ={e|le€Z, e>0}: BINAIRIZT =
7 ={e|le€Z, e<0}
» O: HHEES
- R: SHUER
» B={T,F}: fi/RMEMEE. Hep, THFAE, FEFRIE
» C: FRES



15 Z [0 : 2N AR BRI 2K

ENX 1.1.2 (FREHE) 2% f: X ->Y, €©61% (image)
WA img(f), £—N&E, XA mT:

img(f) = {f(x) | x € X} (1.2)

PORRIH], MMEERZ f : X > Y, e img(f)CY.



15 Z [0 : 2N AR BRI 2K

EX 1.1.3 (RENHE) 2w AR K f: Y >Z Ffog: X >
Y, BREY CY, MIXHANZFKGELS f-g 2—N2E, 2
XA TF:

f-g : X->Z (1.3)
(f-8)x) = f(gx))

WERE f: X>Y, MR X=X xX,xxX,, W fH—" n
JURRIEL .
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1Z383F BREX

not : B—DB
not = {Tw— FF— T}
not : B—-B not : B-—->DB
T itx=F not(T) = F
not(x) =
F itx=T not(F) = T



Z4ES PREN

and
and(T)(T)
and(T)(F)
and(F)(T)
and(F)(F)

and

and(x)(y)

B - (B —» B)

g5 B » B »

B - (B —» B)

T
F

ifx=y=T

otherwise

and’

and’ (T, T)
and’(T,F)
and’(F, T)
and’ (F, F)

and’

and’(x,y)

BxB — B

T

F
F
F

BxB — B

T
F

itx=y=T

otherwise



[a2r PRZEX

succ : IN— IN

succ(x) = x+1

o FEXDENTEKEINF, THAT— P ES RN
o BABMENHHAT:

succ={0—~1,1~2,23, ...}



[a2r PRZEX

n = (succ - succ - succ-+-succ)(0)

n Succ

o S TFE— B SRHn
 EAREE “nPsuccE AR EERR0L
H— S ERTD



NN BREX

plus : IN—- (IN—> IN)
plus(n)(0)
plus(n)(succ(m))

n

succ(plus(n)(m))



N RE: B plus(3)(4)
plus(3)(succ(3))

succ(plus(3)(3))
succ(plus(3)(succ(2)))
succ(succ(plus(3)(2)))
succ(succ(plus(3)(succ(1))))

succ(succ(succ(plus(3)(1))))
succ(succ(succ(plus(3)(succ(0)))))

succ(succ(succ(succ(plus(3)(0)))))

succ(succ(succ(succ(3))))

plus : IN— (N — N)
plus(n)(0)
plus(n)(succ(m))

n

succ(plus(n)(m))

(succ - succ - succ - succ)(3)



NN BREX
plus : IN—-> (IN - IN)
plus(n)(0) = n
plus(n)(succ(m)) = succ(plus(n)(m))

o NER I EIXMEMNUE ®IVE X FTHE I
e CRANMNTHBHEXHNAANRIE 7 —HREENEIG

plus(m)(n) = (succ - succ - succ)(m)
—
n succ functions



e BREX

mult : IN — (IN > IN)
mult(n)(0)

mult(n)(succ(m))

0
plus(n)(mult(n)(m))



e PREN: Ml mult(3)(4)
mult(3)(succ(3))

plus(3)(mult(3)(3))
plus(3)(mult(3)(succ(2)))

plus(3) plus(3)(mult(3)(2))

plus(3) plus(3)(mult(3)(succ(1)))

plus(3) plus(3) plus(3)(mult(3)(1))
plus(3) plus(3) plus(3)(mult(3)(succ(0)))
plus(3) plus(3) plus(3) plus(3)(mult(3)(0))
plus(3) plus(3) plus(3) plus(3)(0)

(plus(3) - plus(3) - plus(3) - plus(3))(0)

mult : IN - (IN > IN)
mult(n)(0)

mult(n)(succ(m))

0
plus(n)(mult(n)(m))



e BREX

mult : IN—> (N> IN)

mult(n)(0) = 0
plus(n)(mult(n)(m))

o AEW FEXMEMUERINEXFTREMN
e CRANMTHEBHAEXNAINERE 7 —HFRERENER

mult(m)(n) = (plus(m) - plus(m) --- plus(m))(0)

n plus(m) functions

mult(n)(succ(m))




FEEN BREN

expn : IN—> (IN - IN)
ex pn(m)(0)
ex pn(m)(succ(n))

1

mult(m)(expn(m)(n))



FEEN BREN: mp

ex pn
ex pn(m)(0)
ex pn(m)(succ(n))

: IN—> (IN - IN)

1

mult(m)(expn(m)(n))

expn(2)(3)

expn(2)(succ(2))

mult(2)(expn(2)(2))
mult(2)(expn(2)(succ(1)))
mult(2)(mult(2)(ex pn(2)(1)))
mult(2)(mult(2)(ex pn(2)(succ(0))))
mult(2)(mult(2)(mult(2)(ex pn(2)(0))))
mult(2)(mult(2)(mult(2)(1)))

(mult(2) - mult(2) - mult(2))(1)



TEE BRIEN
expn : IN— (IN > IN)
expn(m)(0) = 1
expn(m)(succ(n)) = mult(m)(expn(m)(n))
o NEW FHEXMEIUEZRIIE X P EIN
e CRATMHEIFEXNAINRIR T —HREENEIE

expn(m)(n) = (mult(m) - mult(m) --- mult(m))(1)
n mult(m) functions
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fit 3t BRI EX

fact : IN—- N
fact(0)
fact(succ(n))

1
mult(succ(n))( fact(n))



Bt 3 REN : Al fact(3)

= fact(succ(2))
= mult(3)(fact(2))
fact : NN = mult(3)(fact(succ(1)))
fact(0) = 1 = mult(3)(mult(2)(fact(1)))
fact(suce(n)) = mult(suce(m))(fact(n)) —

mult(3)(mult(2)( fact(succ(0))))

mult(3)(mult(2)(mult(1)( fact(0))))
mult(3)(mult(2)(mult(1)(1)))

(mult(3) - mult(2) - mult(1))(1)



fir 3l BRI ZX
fat : N->N
fact(0) = 1
fact(succ(n)) = mult(succ(n))(fact(n))
o NEMR FEIXMEME RIIE X FTEI
e ERATAHEBEREXNAINRR T —FREENEE

fact(n) = (mult(n) - mult(n — 1) - mult(n — 2) --- mult(1))(1)

n mult(_) functions

8, Eff2EBAa—RRMGFAATO



2 R ARZR RSN

fib : IN->N

fib(0)

fib(1)
fib(succ(succ(n)))

0

1
plus(fib(n))(fib(succ(n)))



S RARZR BREN: Al

fib(5)
plus(fib(4))(fib(3))

plus(plus( £ib(3))(fib(2)))(plus( fib(2))(fib(1)))
plus(plus( £ib(3))( fib(2))(plus(fib(2))(1))
plus(plus(plus(fib(2))(Fib(1)))(plus( Fib(1))(£ib(0))))(plus(plus( £ib(1)(fib(0)))(1))
plus(plus( plus( £ib(2))(1)) plus(1)(0)))(plus(plus(1)(0))(1))

plus(plus( plus(plus( Fib(1))(£ib(0)))(1)) plus(1)(0))) plus( plus(1)(0))(1))
plus(plus( plus(plus(1)(0)) (1)) (plus(1)(0)))(plus(plus(1)(0))(1))

ip WTHT, WEART, EFEAEIR (SO




B AE /Y fold BREX

plus. mult, expn X=TKHIAZBEFERMYE

XM R AR E R E— T EREHF




foldn ERA2X

AERIHEBENT, EXBERTI—1TEST = (set variable)

Bl : (RIS S &R el AR REZMA

foldn : (2 —-A)—>(A-> (IN—> A))
foldn(h)(c)(0) = c
foldn(h)(c)(succ(n)) = h(foldn(h)(c)(n))

el h:A— A
c . A



foldn ERA2X

» 2R h: A> A, {fHc: A, & f = fold(h)(c), HH_LiRZE

SCRTAT:

e f(0)=c.
o f(suce(n)) = h(f(n)).

foldn
foldn(h)(c)(0)
foldn(h)(c)(succ(n))

(A—>A) > (A—->(N— A))
C

h(foldn(h)(c)(n))




MRPREAZIAZITERSHR", BHINBR—TAERERE foldn R

> 5" HAE n, AIAI:

n = (succ - succ --- succ)(0)

n succ functions

» 21 f = foldn(h)(c), NIRTAI:

f(n)=Ch-h--h)c)

—_—
n h functions



M foldn BEL, RICAIS EEISIANBI=TREX plus, mult, expn BITEEIGHITE X

plus : IN—-> (IN—> IN)
foldn(succ)(n)

plus(n)

(succ - succ - succ)(0)
—

m succ functions

m

plus(n)(m) (succ - succ -+ succ)(n)
mult : N->(IN->N) T m swee functions
Foldn(plus(n))(0) mult(n)(m) (plus(n) - plus(n) --- plus(n))(0)

m plus(n) functions

mult(n)

expn(n)(m) = (mult(n) - mult(n) --- mult(n))(1)

ex pn : N — (N —> IN) m mult(n) functions
foldn(mult(n))(1)

expn(n)



N TIER foldn BRZREX fact }l fib RN, BIESIAFT BRI

outl : AxB—o A
outl(a, b)

da

outr : AxXB-—o A

|
S o

outr(a, b)



fact ERAEY

INxIN —> INxIN

(m+1,(m+1)xn)

IN - IN
outr - (foldn(£)(0,1))
m
fact(m)

(succ - succ --- succ)(0)
—

m succ functions

outr(( f - f - £ )(0,1))

—_—
m f functions




fib ERIEY

g : INXxIN->INxINN

(n,m+ n)

g(m,n)
fib : IN->N

fib outl - (foldn(g)(0,1))

(succ - succ - succ)(0)
—

m succ functions

outl(( g - g+ g )(0,1))

—_——
m g functions

m

fib(m)




5 (List) DA

5 EHY fold EREX

fefE BACER A, &Y N —H I AP HEP R BEE . 247
KX BARFRN - ZU B 5 KA 69 248 . BN, X THEFP RIS
R R HOBEE 2k A P S T TS, BEPRE R B A
e A8 Ry 77 2GR [ETHY -




List WRT{FS

MRE—IRAE A, BAMERMTS [A]l Ffrn— RS, HEaH

NESHAEH 0 2|21 A FHYITEE KB FF] . Flan, [IN] X5
EPESHNEESEH 0 2|21 BAZOCRIFS]. THE, 3]
LAE R AB, 25 HZAREXS P81 i — 225878 J7 3

» [ RASHFNEHARBOU IR, Rl =S50

» [1] 8¢ 1 > [ Zon H— 1T HARZ 1 R 74 -

» [1,2,2,3,3,3] 8k 1>2>2 >3>3>3>[] X EHNTHHMNE
H SAZUY I HI R3] -



List 1H 3% BY BRI £X

cons : A-—> (|A] - [AD

n>ns

cons(n)(ns)

len : |A]—> N
len([ )

len(n > ns)

0

1 + len(ns)



List 1H 3% BY BRI £X

rev : |A]l—- [A]
revm :  |[A] - ([A] = [A])

rev = revm(|])
revm(xs)(|]) = xs
revm(xs)(y > ys) = revm(y > xs)(ys)



List 1H 3% BY BRI £X

concat : |[A]l— (JA] - [A])
concat(| |)(ns)

concat(m > ms)(ns)

ns

m > (concat(ms)(ns))



List 1H 3% BY BRI £X

filter : (A —> B)— (JA] = [A)])
filter(p)(L]) ]

filter(p)(n > ns) concat(sel(p(n))([n])(L))(filter(p)(ns))
sel : B->(A—->(A—-A))

a, it b=T

sel(b)(a,)(a,)

a, if b=F



T HABESG N, fFAE—TXTMH] fold BRZ; AERT SRR
444 foldn. 1RZ 5 HAEUHRHIERZAT R LILE foldn pRZIHYH:

it EHATREN . HRA, XTFRIEE [Al, B EEAAE T X
fold pRZHE ?

NRIAR T, BRINMTERAMER. 21, EFEE [A] b, 5L
FAEXAER fold pR%L. TH., EABHRE, AWM XEER fold K
2. AUPREREX WA BREU Al 2409 foldlr 1 foldll. XS FRH
S AELA =R . BT R 2 E Y 28— 3R fold "1y &
SARBAE ; S8 AR T R list”, & WARAE . 58 ="1161R 4%
AT HI Y, Fon"left” 1 right”.




foldlr BRI EX

foldlr : (A— (B— B))—>(B—(|A] - B))

foldir(h)(c)(L])
foldlr(h)(c)(x > xs)

C

h(x)(foldir(h)(c)(xs))



foldlr BRI EX

foldlr (A— (B— B)) — (B— (lA] - B))
foldir(h)(e)([]) = ¢

foldlr(h)(c)(x > xs) = h(x)(foldlr(h)(c)(xs))

5% h: A— (B— B),c: B, 2 f= foldlr(h)(c), & 1.2 %} foldlr P&

ﬁ%ﬂ%ﬁﬁfﬁﬁ%%%

cons cons cons cons

A8



foldlr BRI EX

MARIRBAREE EEHEHSH 5, A, FATER— AR
i foldlr PRZ .

» 255 xs ¢ [A]l, ANR—ENE, @ xs=a, > a,, > >a > ],
A AT :

xs = (cons(ay) - cons(a,_,) - cons(a,_,) - cons(a,))([])

n cons(_) functions

» BH1 f = foldlr(h)(c), WITTHI:

f(xs) = (h(a,) - h(a,_,) - K(a,_,) - h(a;))(c)

n h(_) functions




foldll Kk

foldll : (A—(B— B))—(B—(|A] - B))

foldll(h)(e)(L])
foldll(h)(c)(x > xs)

C

foldli(h)(h(x)(c))(xs)



foldll ERZX

foldll : (A—(B— B))—(B—(lA] > B))
foldli(h)(c)([]) = ¢

foldli(h)(c)(x > xs) = foldll(h)(h(x)(c))(xs)

#“%Eh: A—-(B- B),c: B, & f= foldll(h), & 1.3 %} foldll (K%K

HIRCRIEAT T BB B A AR -




foldll K&k
HENE, A, BI1H®R—AEELEHE

WERIRIE A R =2 K2
i@t foldll FR%Y.

» 255 xs ¢ [A]l, AR, @ xs=a,>a,, > >a >[],
Gk

xs = (cons(ay) - cons(a,_,) - cons(a,_,) -+ cons(a,))(|])

n cons(_) functions

> U A] AT :

foldli(h)(c)(xs) = (h(a,) - h(a,) - h(as) - h(a,))(c)

—_—
n h(_) functions



List fHXERZIBVEE X




len

len

h(a)(n)

[A] > N len : |A]l-> N
Foldlr(h)(0) fen(ll) =0
len(n > ns) = 1+ len(ns)
A—->IN-—->IN
n+1
xs = (cons(a,)-cons(a,_,) - cons(a, ,) - cons(a,))(|])

len(xs)

n cons(_) functions

(h(a,) - h(a,_,) - h(a,_,) -+~ h(a;))(0)
n h( ) functions




rev BRI

rev : |A]l - [A]
. revm :  [A] - ([A] - [A])
rev ) [A] — [A] rev. = revm(|])
. revm(xs)(|]) = xs
rev o f Oldll(COTlS)( []) revm(xs)(y > ys) = revm(y > xs)(ys)
xs = (cons(a,) - cons(a,_,) - cons(a,_,) -+ cons(a,))([])

n cons(_) functions

(cons(a,) - cons(a,) - cons(a,) --- cons(a,))([])

—_— e —
n cons(_) functions

rev(xs)




concat ERIZY

concat : [A] N ([A] N [A]) concat : |[A]l— (JA] - |A])
concat(||)(ns) = ns
concat(xs)(y S) = f oldlr(cons)(y S)(XS) concat(im > ms)(ns) = m > (concat(ms)(ns))

XS (cons(a,) - cons(a,_,) - cons(ay_5) -+ cons(a,))(|])

——
n cons(_) functions

concat(xs)(ys) = (cons(a,) - cons(a,_,) - cons(a,_,) --- cons(a,))(ys)

—
n cons(_) functions




filter (REX

filter
filter(p)

f(p)a)
id
id(a)

(A—B) - (lA] = [A]D
foldlr(f(p))(L])

(A—B)— (A ([A] - [AD)

sel(p(a))(cons(a))(id)
A—-> A

da

XS

filter(p)(xs)

filter : (A — B)—> (JA] = [A])

filter(p)([]) = 1
filter(p)(n > ns) = concat(sel(p(n))([n])([]))(filter(p)(ns))
sel : B->(A—>(A— A))
a, it b=T
sel(b)(a)(a;) =
a, if b=F

(cons(a,) - cons(a,_,) - cons(a,_,) -+ cons(a, ))(|])
n cons(_) functions

(f(p)a,) - f(p)a, 1) f(p)a,) - f(p)a)X]])

~———
n f(_)() functions




— M HEF A




gsort : [IN]— [IN] (1.47)

gsort([]) = ]
gsort(n > ns) = concat(concat(gsort(filter(It(n))(ns)))([n]))(gsort( filter(ge(n))(ns)))
it : NN - (N - B) (1.48)
T ifm<n
it(n)(m) =
F otherwise
ge : N - (N - B) (1.49)

not(lt(n)(m))

ge(n)(m)
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- TRINTFRET AERRITN, B R IER AT
SUMBAREEARTIR—A, B4, FRERH, XML& S
MR R E BRI AR

S RHARARIR? B, &F (N5) ESTSRFH.

7



B iE R1E S

CEEMEX L, BETE EEKMRE
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