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Functions are values too

2



Functions are values too
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Functions are values too
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Functions can be parameters
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Same Thing…
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Polymorphism
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Lambda notation
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Function of That 
returns



Using Lambda’s
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Map
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Filter
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Reduce
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Python’s map, filter, and reduce
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Hadoop  (Map-Reduce)

• Leading simple paradigm for parallel 
programming 
– Mapping of the elements can be done in parallel 
– Reduction can also (partially) be done in 

parallel -- if op is associative 
– If a partial result is lost due to hardware 

failure, only the missing result needs to be re-
computed 

 + 3 + 2 + 1                         6 + 5 +  4 + 3 + 2 + 1
6 + 5 + 4
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Web Search Example

15



Web Search Example (cont.)
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Test Run
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Intermediate Prints
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Returning functions
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Closure
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Currying
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Functions of functions
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Iterated functions
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Fibonacci Numbers

Fib(6)=8

Fib(5)=5

Fib(4)=3

Fib(2)=1

Fib(3)=2

Fib(3)=2 Fib(2)=1

Fib(1)=1

Fib(1)=1Fib(2)=1

Fib(4)=3

Fib(2)=1

Fib(3)=3

Fib(1)=1

Fib(2)=1



Run time analysis

Theorem: Let T(n) = running time on n.  Then: 
                  T(n) = O(φn) where φ=(1+√5)/2=1.618… 

Lemma: For every natural n:  T(n) ≤ c⋅(φn-1) 

Proof:  
• Basis: Take c so that c ⋅(φ-1) > number of operation of single 
level 

• Induction Step:  
T(n) = T(n-1) + T(n-2) + c ≤ c ⋅(φn-1 -1) + c ⋅(φn-2-1) + c =  

= c ⋅((φ+1) ⋅ φn-2 - 1 ) = c(φn-1) 
φ+1= φ2



Memoization
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Run Time Analysis

Theorem: memoized-fib runs in time O(n). 

Proof: After computing fib(n-1), the second 
call to fib(n-2) takes O(1) time since n-2 is 
already in the table.
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Python Decorators
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Logging
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