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Iteration vs. Recursion: examples

Iterative count down:

CountDown (n)
WHILE i > O
DO Print (n)
n <-- (n - 1)

CountDown (n)
Print (n)

CountDown(n-1)

What is wrong?

Recursive count down:

CountDown (n)
IF n >0
THEN Print(n)

CountDown(n-1)

o

~

Recursive count down: Incorrect

Fized

/
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Example:

o

n

return value

n

return value

n

return value

e RecursiveFactorial (4)

Activation record for factorial (4)

e RecursiveFactorial(4): call to

RecursiveFactorial (3)

Activation record for factorial (3)

Activation record for factorial (4)

/
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/o RecursiveFactorial(4): call to \

RecursiveFactorial (2)

2

n

returnvalue Activation record for factorial(2)
n | 3

returnvalue Activation record for factorial(3)
n | 4

returnvalue Activation record for factorial(4)

e RecursiveFactorial(4): call to

RecursiveFactorial (1)

1

n

returnvalue Activation record for factorial(1)
n | 2

returnvalue Activation record for factorial(2)
n | 3

returnvalue Activation record for factorial(3)
n 4

\\ returnvalue Activation record for factorial(4)/

B.Y. Choueiry 8 January 31, 2001
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o

e RecursiveFactorial (4):

RecursiveFactorial (1) is the base case, so

it returns ‘1’.

n

returnvalue

n

returnvalue

n

returnvalue

n

returnvalue

~

Activation record for factorial(1)
Activation record for factorial(2)
Activation record for factorial(3)

Activation record for factorial(4)

/
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o

RecursiveFactorial (2) now returns ‘2’.

n
returnvalue

n
returnvalue

n
returnvalue

e RecursiveFactorial (4):

Activation record for factorial(2)

Activation record for factorial(3)

Activation record for factorial(4)

/
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~

e RecursiveFactorial(4):

RecursiveFactorial (3) now returns ‘6’.

n
returnvalue

n
returnvalue

Activation record for factorial(3)

Activation record for factorial(4)

e RecursiveFactorial(4): returns ‘24’. This

was the original function call, so the

execution is finished.

n
returnvalue

24

Activation record for factorial(4)

/
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Ghe Run-Time Stack \

e In order to support recursive function calls,
the run-time system treats memory as a stack
of activation records

e RecursiveFactorial(n) requires the
allocation of n activation records on the stack

RecursiveFactorial(n)

IF (n =< 1) THEN 1
RETURN n * RecursiveFactorial(n-1)

e What if we have infinite recursion:

InfiniteRecursion (n)
IF (n=0) THEN 1
ELSE InfiniteRecursion(n)

The value of n never reaches zero, so the
function is called, and records are pushed
onto the stack, until the system runs out of

memory.

e Even if our recursion is not infinite, system

may run out of memory: the recursion may

\\ be too deep, and since memory is finite /

B.Y. Choueiry ].2 January 31, 2001
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n
returnvalue

n
returnvalue

n
returnvalue

n
returnvalue

o

Memory Usage?

RECURSIVE VERSION

1

1

For input n:

Activation record for factorial(1)

Activation record for factorial(2)

Activation record for factorial(3)

Activation record for factorial(4)

Recursive implementation needs to allocate
2n integers

Iterative implementation needs only 3

~

ITERATIVE VERSION

24 |result
n

24 | return value

/
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/Common functions

Floors and ceilings:

e The floor of z: |z]

e The ceiling of x: [x]

e VneN, |n/2]+[n/2]=n
Logarithms:

e Binary logarithm: lgn = log, n

e Natural logarithm: Inn = log_n

Inn
In10

e log, n = E—Z and logn =

e Exponentiation: 1g" n = (Ign)”
e Composition: 1glgn = lg(lgn)
o q — blogb a

e log,a™ =nlog,a

logy logy a

® =N

Sum of finite series:

e Arithmetic: S, = 1 ftn)

e ne=1,In1=0, log, 1 =0, log, k=1

\\o Geometric: S, = t1—— = 22—

/
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