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B-reduktsioon

® \-termide vaartustamine toimub reduktsiooni reeglite korduva
rakendamise kaudu.

® [-reduktsiooni reegel:

(Az.e1) ez —p ez — e
® Alamavaldist kujul (Az. e1) ex nimetatakse (3-)reedeksiks.
® NB! A-termis voib olla palju reedekseid.

® Ilma (fB-)reedeksiteta A-term on (5-)normaalkujul.

® Naited:
Az.z (Ay. x) reedekseid ei ole (so. normaalkuju)
Az. (Ay.y)3 liks reedeks
Af.f((Az.2)3) ((Az. z)4) kaks reedeksit
(Af.f((Az.z)3)) (Az.z) kaks (kattuvat) reedeksit

Varmo Vene ja Kalmer Apinis Funktsionaalprogrammeerimine Siligis 2021



7.2

-

i
1632

TARTU ULIKOOL

B-reduktsioon

Uhesammuline B-reduktsioon:

(Az.e1) e2 —p ei]z — ez]

€1 —p €2

€1 —p €2

€1 € —p €2 €p €o €1 —p €0 €2

€1 —p €2

AT.e1 —p AT.e2
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B-reduktsioon

® Mitmesammuline B-reduktsioon:

€1 —p €2 €1 —vp €2 €2 —p €3

€1 —»p €2 € —»p € €1 —»p €3

® NB! Antud definitsioon ei maara reduktsioonide jarjekorda.
® Naide:
(Af.f(Az.2)3)) (Az.z) —p (Az.z)((Az.z)3))
—p (Az.z)3
—B 3
(Af.f(Az.2)3)) (Az.2) —p (Af.f3) (Az.z)
—p (Az.z)3
—B 3
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B-reduktsioon

® (B-konversioon:

€1 B €2 €2 =p €1 €1 =B €2 €2 =B €3
€1 =B €2 €1 =B €2 €1 =B €3

® (B-ekspansioon:
€2 —p €1

€1 «—p €2
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n-reduktsioon

® p-reduktsiooni reegel:

AT.ex —, € z ¢ FV(e)

® p-reduktsioon vastab funktsioonide ekstensionaalsuse omadusele
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Reduktsiooni jarjekord ei oma tahtsust!

Reduktsiooni jarjekorrad

Church-Rosseri teoreem: iga A-termi ep, e; ja ez korral, kui eg —5 e;
ja eg —p ea, siis leidub ez selline et e; —p e3 ja ex —p e3.

Jareldus: A-termide normaalkujud on unikaalsed.

NB! Normaalkuju leidumine ei ole garanteeritud!

Naide:

(Az.zz) (Az.z )

(Az.z z) (\z.
(Az.z z) (\z.
(Az.z z) (\z.
(Az.z z) (\z.

T T)
T T)
TT)
T T)
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Reduktsiooni jarjekorrad

Reduktsiooni jarjekord on oluline!

Normaaljarjekord: alati redutseerida vasakpoolne valine reedeks.

(Az.y)(Az.zz)(Az.z2)) —p ¥y

Aplikatiivne jarjekord: alati redutseerida vasakpoolne sisemine

reedeks.
(Az.y)((Az.zz)(Az.z 7))

=g (Az.y)(Az.zz)(Az. 2 T))

Normaliseerimisteoreem: kui A-termil leidub normaalkuju, siis on see
saavutatav normaaljarjekorraga.
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Reduktsiooni jarjekorrad

® Normaaljarjekord voib olla ebaefektiivne!

® Normaljarjekord:

(Az.zz)((Az.z) (Az.z)) —p ((Az.z)(Az.z))((Az.z) (AZ.2))
—p (Az.z)((Az.z) (Az.2))
—p  (Az.z) (Az. )
—5 AT. T

® Aplikatiivne jarjekord:

(Az.zz)((Az.z) (Az.z)) —p (Az.z2)(Az2.2)
—p  (Az.z)(Az.2)
—p AT. T

® Laisk vaartustamine = normaaljarjekord + graafireduktsioon
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Lahendus 1: fo1d1, kasutades fo1dr-1

Proovime leida ?h ja ?j et kehtiks: foldl f a xs = foldr ?h ?j xs

Vaatame juhtu xs = []:

foldl f a [] = foldr ?h ?j []
a—=7]j
ok, votame ?j = a
Vaatame juhtu xs = [x]:
foldl f a [x] = foldr ?h a [x]
f ax="7%h x a

ok?, votame ?h u v=f v u

Vaatame juhtu xs = [x,y]:

foldl £ a [x,y]
f (f ax)y

foldr ?h a [x,Vy]
?h x (?h y a)

faill ?h u v = £ v u el kehti: a laheb valesse kohta.
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Teine katse: foldl f a xs = foldr ?h ?j xs a

Vaatame juhtu xs = []:
foldl £ a []

ok, votame ?7j

Vaatame juhtu xs

foldl f a [x]
f a x

a

(A

foldr ?h ?j [] a
?7j a

X = x) = 1id

[x]:

foldr 7?h id [x] a
?h x id a

ok?, votame ?h u g v=f v u

Vaatame juhtu xs = [x,y]:

foldl £ a [x,y] = foldr ?h id [x,y] a
f (fax)y=7?hx (?hy id) a

Ok, votame ?h u g v=g (f v u)

Vaatame juhtu xs = [x,y,z]:

foldl £
f (f (f
f (£ (f
f (£ (£
f (£ (£

a
a
a
a
d

[x,y,2]

X)
X)
X)
X)

y)
y)
y)
y)

z

zZ
Z
Z

foldr
?h2 x
?h2 vy
?h2 z
id (£

?h2 id [x,y,z] a
(?h2 y (?h2 z id)) a
(?h2 z id) (£ a x)
id (£ (£ a x) y)

(£ (£ a x) y) z)
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Lahendus 2: Kasutame mustkunsti!

® Votame foldl-i definitsiooni ja alustame transmogrifitseerimist!!

foldl : (a — e — a) - a — List e — a
foldl f a [] a
foldl f a (x::xs) foldl f (f a x) xs

® Kasutame rekursiooni jaoks abifunktsiooni nimega fold!
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foldl f a a

foldl : (a — e — a) - a — List e — a
[] =
foldl f a (x::xs) foldl f (f a x) xs

® Kasutame rekursiooni jaoks abifunktsiooni nimega fold!

foldl : (a — e — a) — a — List e — a
foldl f a xs = fold f a xs where
fold : (a — e - a) — a — List e — a
fold f a [] = a

fold f a (x::xs)

fold f (f a x) xs
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foldl : (a — e — a) — a — List e —» a
foldl f a xs = fold f a xs where
fold : (a — e - a) — a — List e — a
fold f a [] = a

fold f a (x:ixs) = fold f (f a x) xs

® fold-s voimne f-d kustutada — selle vaartuse too kaigus ei muutu!

foldl : (a — e — a) — a — List e —» a

foldl f a xs = fold a xs where
fold : a — List e — a
fold a |[] = a

fold a (x:ixs) = fold (f a x) xs
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foldl : (a — e — a) — a — List e —» a

foldl f a xs = fold a xs where
fold : a — List e — a
fold a [] = a

fold a (x:ixs) = fold (f a x) xs

® Vahetame fold-1 argumentide jarjekorra!

foldl : (a — e — a) — a — List e — a

foldl f a xs = fold xs a where
fold : List e — a — a
fold []| a = a

fold (x::xs) a = fold xs (f a x)
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foldl : (a — e — a) — a — List e —» a

foldl f a xs = fold xs a where
fold : List e — a — a
fold [] a = a

fold (x::xs) a = fold xs (f a x)

® Jdentsusfunktsioon id on tore! Kasutame seda ka.

foldl : (a — e — a) — a — List e —» a

foldl f a xs = fold xs a where
fold : List e — a — a
fold []| a = id a

fold (x::xs) a = fold xs (f a x)
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foldl : (a — e — a) — a — List e —» a

foldl f a xs = fold xs a where
fold : List e — a — a
fold [] a = id a

fold (x::xs) a = fold xs (f a x)

® Tekitame segadust ja toome rekursiooni fold xs lambda argumendiks!

foldl : (a — e — a) — a — List e —» a

foldl f a xs = fold xs a where
fold : List e — a — a
fold []| a = id a

fold (x::xs) a= (A g = g (f a x)) (fold xs)
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foldl : (a -+ e — a) - a — List e — a
foldl f a xs = fold xs a where
fold : List e - a — a

fold [] a

fold (x::xs) a

= 1d a
= (Ag =g (f a x)) (fold xs)

® Lambda on igavalt kirja pandud! Uldistame seda!

foldl : (a — e — a) — a — List e — a

foldl f a xs = fold xs a where
fold : List e — a — a
fold [] a = id a

fold (x::xs) a

(A x,g,a= g (f a x)) x (fold xs) a
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foldl : (a — e — a) — a — List e — a

foldl f a xs = fold xs a where
fold : List e - a — a
fold [] a = id a

fold (xixs) a = (A x,g,a= g (f a x)) x (fold xs) a

® Voh! Niiiid on a-d vorduste paremal pool — eemaldame need!

foldl : (a — e — a) — a — List e — a

foldl f a xs = fold xs a where
fold : List e — a — a
fold [] = 1d

fold (x:xs) = (A x,g8,a= g (f a x)) x (fold xs)
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foldl : (a — e — a) — a — List e — a

foldl f a xs = fold xs a where
fold : List e - a — a
fold |[] = 1d

fold (xixs) = (A x,g,a= g (f a x)) x (fold xs)

® Super! Niiid saame id ja lambda tuua fold-i argumentideks!

foldl : (a — e — a) — a — List e — a

foldl f a xs = fold (X x,g,a= g (f a x)) id xs a where
fold : (e—»>(a—a)—a—a)—(a—a)—List e—ra—a
fold g h |[] =h
fold g h (xixs) = g x (fold g h xs)
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foldl : (a — e —- a) — a — List e — a

foldl f a xs = fold (X x,g,a= g (f a x)) id xs a where
fold : (e—»(a—a)—a—a)—(a—a)—List e—a—a
fold g h |[] h
fold g h (x::xs) g x (fold g h xs)

® QOih! See fold on ju foldr.

foldl : (a — e — a) — a — List e — a
foldl f a xs = foldr (A x,g,a= g (f a x)) id xs a

® Tadaal



