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—  assignment
—  sequential composition

+  functions

specification = function from input to output
program = implemented specification
application ‘/
composition ‘/
selective union ‘/
quantifiers X

program + inputs = function + arguments
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(L: [*int] (x: int- if x: L (0,.#L) then §n: 0,.#L- L n = x else #L,.. fi))

if x: L (0,.#L) then §n: 0,.#L- L n = x else #L,.. fi ::

(i: nat if x: L (i,.#L) then §n: i,.#L- L n = x else #L,..o fi) 0

if x: L (i,.#L) then §n: i, #L- L n=xelse #L,.. fi ::
if i = #L then #L

elseif x =L ithen i
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example search for an item in a list

(L: [*int] {x: int- §n: 0,.#L- L n = x )) unimplementable

(L: [*int] (x: int- if x: L (0,.#L) then §n: 0,.#L- L n = x else #L,.. fi))

if x: L (0,.#L) then §n: 0,.#L- L n = x else #L,.. fi ::

(i: nat if x: L (i,.#L) then §n: i,.#L- L n = x else #L,..o fi) 0

if x: L (i,.#L) then §n: i, #L- L n=xelse #L,.. fi ::
if i = #L then #L

elseif x =L ithen i

else (i: nar if x: L (i,.#L) then §n: i,.#L- L n = x else #L,.. fi) (i+1) fi fi
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recursive timing (L- (x- 0,.#L+1))
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recursive timing (L- (x- 0,.#L+1))

0, #L+1 = (i 0,.#L—i+1) 0
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recursive timing (L- (x- 0,.#L+1))

0, #L+1 = (i 0,.#L—i+1) 0

0,. #L—-i+1 ::
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recursive timing (L- (x- 0,.#L+1))

0, #L+1 = (i 0,.#L—i+1) 0

0, #L—i+1:: ifi=#L then O
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recursive timing (L- (x- 0,.#L+1))

0, #L+1 = (i 0,.#L—i+1) 0

0, #L—i+1:: ifi=#L then O

elseif x=LithenO
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recursive timing (L- (x- 0,.#L+1))
0, #L+1 (i 0,.#L—i+1)0
O,.#L—i+1:. ifi=#LthenO

elseif x=LithenO

else 1 + (i 0,. #L—i+1) (i+1) fi fi
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recursive timing (L- (x- 0,.#L+1))
0, #L+1 :: (i- O,..#L—i+1> 0
0, #L—i+1:: ifi=#L then O
elseif x=Lithen O

else 1 + (i 0,. #L—i+1) (i+1) fi fi

1 + (i 0,. #L—i+1) (i+1)
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recursive timing (L- (x- 0,.#L+1))
0, #L+1 :: (i- O,..#L—i+1> 0
0, #L—i+1:: ifi=#L then O
elseif x=Lithen O

else 1 + (i 0,. #L—i+1) (i+1) fi fi

1 + (i 0,. #L—i+1) (i+1)

= 1+ (0, #L—(i+1)+1)
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recursive timing (L- (x- 0,.#L+1))

0, #L+1 = (i 0,.#L—i+1) 0

0,.#L—i+1 ::

if i = #L then O
elseif x=Lithen O

else 1 + (i 0,. #L—i+1) (i+1) fi fi

1+ (i 0,.#L—i+1) (i+1)
1+ (0, #L—(i+1)+1)

1 +(0,.#L—0)
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recursive timing (L- (x- 0,.#L+1))

0, #L+1 = (i 0,.#L—i+1) 0

0, #L—i+1:: ifi=#L then O
elseif x=Lithen O

else 1 + (i 0,. #L—i+1) (i+1) fi fi

1+ (i 0,.#L—i+1) (i+1)
= 1+ (0, #L—(i+1)+1)
= 1 + (0,.#L—i)
= l,. #L—i+1
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recursive timing (L- (x- 0,.#L+1))

0, #L+1 = (i 0,.#L—i+1) 0

0, #L—i+1:: ifi=#L then O
elseif x=Lithen O

else 1 + (i 0,. #L—i+1) (i+1) fi fi

1+ (i 0,.#L—i+1) (i+1)
= 1+ (0, #L—(i+1)+1)
= 1 + (0,.#L—i)
= l,. #L—i+1

0,.#L—i+1
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functional versus imperative
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functional versus imperative

same programming steps, different notation
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functional versus imperative

same programming steps, different notation

functional programming has Application Axiom

(viD-byx = (for v substitute x in b)
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functional versus imperative

same programming steps, different notation

functional programming has Application Axiom

(viD-byx = (for v substitute x in b)

imperative programming has Substitution Law

x:=e.P = (for x substitute ¢ in P)

76/76



