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Recursion

aka., CS's version of mathematical induction

As close as CS
gets to magic

Tutoring

hours: LOTS! Read SeCtions 2.7-2, 12

—4444444444444 This is the last CS 5 lecture you'll ever "need"!* PAAAAAAAAAA,

HMC's legal counsel requires us to include these footnotes...

I guess Python's

Python is... in temine S0

~

>>> '"i' in 'team'

False

>>> 'cs' in 'physics'

True

>>> 'i' in 'alien'

>>> 3*%'i' in 'alien'
True

False

>>> 42 in [41,42,43] >>> 42 in [[42], '42']

adAt Warner Brothers' insistence, we affirm that this 'C' does not stand for 'Chamber' and 'S' does not stand for 'Secrets.' True False
* Caution: do not take this statement too literally or you might find yourself in twice as many CS 5 lectures as you need!
Use variables! g i ey i return VS. print
{ this, too!

flipside(s) : dbl (x) : dblPR (x) :

mid = len(s) // 2 nnndphls x?2""" nnndphls x?"""

return s[mid:] + s[:mid]

return 2*x (2*x)
ans = dbl (20) ans = dblPR(20)

flipside(s):
return s[len(s) // 2:] + s[:len(s) // 2]

“\\»///”

Aargh!

Why would computers "prefer" the top version, too?

What's the difference ?!




How functions work...

"the stack"
def demo (x) :
y=x//3 call: demo (15) stack frame
z = g(y) local variables: _
turn z + + x x =15
re vy y =5
z = 2?27?2727
def g(x):
result = 4*x + 2
return result call: g(5) stack frame
local variables:
x =5
result = 22
returns 22
they stack.

(]
!

def £(x):
if x ==
return 12
else:
return £(x - 1) + 10*x

call: £(2)
local variables:

call: £(1)
local variables:

call: £(0)
local variables:

How functions work...

"the stack"

stack frame

x =2
need f(1)

stack frame

x =1

need f(0)

rame

x =0
returns 12

Thinking recursively

factorial
5! = 120
fac(5) = can we express
fac w/asmaller
version of itself?
fac(N) =

overall goal

Result of
N* (N=1)*...*2*]

fac(N)

fac(N)

overall goal
value of N Result of
N (N=-1)*...*%2%*]
one, small piece COTV?!EM self-similar "rest"

base case:

result for fac(0) is 1
7 A

smallest possible argument its result




Thinking recursively...

def fac(N):

Recursive Design: the 31i's

if N == } 5
ase case
return 1
else: Recursive identify
return N * fac(N-1) case ot
(too short?)
intuition implement
overall goal f (5) overall goal f ( N )
aC aC
output value of ic output value of | ;¢
5*4*3*2*1 N* (N=1)*...*2*]
@ overall goal \fac—(N)—‘

value of
combined
one, small piece with

output value of
4*%3%2%]
self-similar "rest"

value of
N

one, small piece

combined
with

output value of

(N-1)*..

self-similar "rest"

C*¥2%]

smallest possible argument

bose coser output for fac(0) is 1
A A

its result




Recursive Design:

fac(5) is 5*¥*4*3*2*1
rec.
fac(4) is 4*3*2*1
fac(3) is 3*2*1

fac(2) is 2*1

. Aye, aye, eye! t
the 3i's

(:

- rec.

fac(N) is N*fac(N-1)

self-similarities

identify
base cases self-similarities

base cases & base cases

Recursive Design

plusone(4) is 1+1+1+1

recursion?
plusone(3) is 1+1+1
plusone(2) is 1+1

plusone(1) is 1

: the 31i's

- rec.

plusone(N)

self-similarities

identify
base cases self-similarities

base cases & base cases

fac(1)is 1 def fac(N): base case plusone(0) is 0 def plusone (N): base case
if N <= 1: if :
fac(0) is 1 return 1.0 rec. e rec.
else: else:
basecase(s) return N * fac(N-1) basecase(s) return
intuit implement intuit implement
Recursive Design: the 31i's Recursive Design: leng(L)
_ rec. ~ rec.
plusone(4) is 1+1+1+1 leng([5, 42, 7]) is 3
lusone(N leng(L
recursion? P ( ) recursion? g( )
self-similarities self-similarities
plusone(3) is 1+1+1 leng([42, 7]) is 2
plusone(2) is 1+1 identify leng([7]) is 1 identify
. base cases base cases sgf-]]s;rsrlellé\;;telss . base cases base cases ng-lfgsneﬂ?;;telss
plusone(1) is 1 leng([1)is O
) base case
plusone(0) is O def plusone (N) : base case def leng(L):
if : if
return rec. base case(s) return ___ rec.
else: else:
base case(s) return leng( '‘and me?") return
intuit implement intuit implement




Design patterns...

Recursion's a design—not a formula,
BUT, these pieces are common:

pow(b, p)

pow(2, 4) ~ 2%2*2*2

returns b**p, but using only
pow (b ’ P) multiplication times b

T pow(b, p)
* Handle base cases, with 1 £ ...
self-similarities
pow(2,3) ~ 2*2*2
, = identi
* Do one piece of work: L[0] ors[0] base cases fy
def pow(b, p):
. ow(2,2) ~ 2*2 -
* Recur with therest: L[1l:]ors[1:] pow(2, 2) if -
return
pow(2,1) ~ 2 else:
return
* Combine & make sure the types match! pow(2,0) ~ 1
intuit Extral See if you can also handle negative powers... implement
I( ) 1 ( ) returns the number of vowels in the (L) mymax (L) lreturn the biggest element in L, & -
VWIS vw s string s, s may or may not be empty. mym ax given that L has at least one element! \ ]

vwl('crazy') ~ 2
vwl('razy') ~ 2
vwl('azy') ~ 2
vwl('zy') ~ 1
vwi(y") ~ 1

vwl(") ~ 0

What is the really
simplest base case!?

intuit

IF
vwli(s) IF
self-similarities
\ multiple possibilities!
identify
base cases self-similarities

& base cases

def vwl(s):
if base case

elif

else:

Extral What 7-letter English word maximizes vwl(s) ?

implement

mymax([9, 8,5]) ~ 9

mymax([8, 5]) ~ 8

mymax([2,8, 5]) ~ 8

mymax([8, 5]) ~ 8

mymax([5]) ~ 5

intuit

mymax(L)
self-similarities
identify
base cases self-similarities

& base cases

def mymax (L) :

implement




zeroest(L)

zeroest([4, -3, 42]) ~ -3

zeroest([1, -3,42]) ~ 1

zeroest([-3, 42]) ~ -3

zeroest([42]) ~ 42

don't forget the
base case!

intuit

return the element of L closest to 0;
zeroest (L) L will have at least one element

zeroest(L)

self-similarities

identify
self-similarities

base cases
& base cases

def zeroest (L) :

Note: The function abs is built into Python.... implement




T Name(s): QuiZ

l How f‘uns work...
Whatis demo (15) here?

def demo (x) :
vy=x// 3

z = g(y)
return z + y + x

def g(x):
result = 4*x + 2 |
[ might have a
return result guess atboth Sl

of these... i
A

Whatis £(2) here?

l

def £ (x):
if x ==
return 12
else:
return £(x - 1) + 10 * x



