
Lec 3
* Higher ander function

Example witted

# Competing Exponent
It power: it I int sint

Recussion and Induction

function that takes function as ang

k70
power (n, k) =nk

r Not using itpower (- int, O. int): int = , V (aseume 0'51)power (n: int, kiint): int = Is power (n, k-1)
# power is not tokal .- it can't take k10.

power (3.6) = 3*3+3*3*343*1=729.

we make it faster?
power (.:int, O:int): int = I
power (n. k) =
# 4%2= o then

square ( power (n, k div a 3)

else n* power (n, k-1)
power (3.7) #8:(3.13-1)2)1=2187
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+ Proving this works
Theorem. I satisfies its specs ie.

In, kEZ with k30, power (n,k) wank

Proof by induction on k a pick the one that decreases
5 reduces to value

t standard induction

Base casewhen k=0 § steps to, could be expression

Inductive case

WTS power (n, o) -> n°
Showing:
power (n, o) = I ist clause of power I

I math]

IH: power (n, k) conk
WTS power (n, k+1) wonktl for any u

for any in
Shovrng;
power (n, Kti) » n* power (n, k)=n*nk I and clause of power sines k#1 70]

I
= n°

LIH?
[math]



Proof by induction on k

Base casewhen k=0

Inductive case

I aka second principle (?)

WTS power (n, o) -> n°
Showing:
power (n, o) = I= n° clause of power ]

«Same stuff

Assume k>o
IH: for all osk'ak, for any n, power (n, k' us it'
WTS: power (n, k) ank for any n
Showing:

power (n, k) = Ik %2= O then square ( power (n, k div 2 3)
else n* power (n, k-1)

CASE 1 k %2 = 0:
power (n, k) = square (power (n, k div 2))

= square ('ntdio 2)- being sloppy

CASE2 k%2 + 0:

[k%2 =01
I IH and k>o]
I def of square ]I math and' K even]
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# Some Mb Syntax
* Lists

(Data Serneture )

name t list
values IV.,....

Expressions:

UnI where u, ...,Un:t, n»o
all vales

« write I] for empty or nil"

1: [2,31 = It. 2,3] = 1:2:3:C]

Typig.
IJ: t list
e:: es: + list if e:t es: list

Evamation: left as right

e :: es

and



#Structural Induction
- dealing with non-number stuff in induction

Consider:

It length: int list s int
REQ: the
ENS: length of list*)

fun length II: int list): it

But how do we prove this is connect?
Hmm... but lets prove it's total.
Theorem: length is total for any value bi in list, length Las o for some a
Proof by structural on L.
Base case
L= [I

Inductive case

WIs length Is too
showing; length II > O I clauses of length I

Let La x::xs with sint and is: int list
It: length xs woN for some u
WIS: length (xiKs) a N' for some o°
Showme length (arises) 7 It leugth as I clause 2 of leugth 3

let

= 1+
L IHI
Imath I


