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Count distinct



Handling velocity + volume

• Can we process data without explicitly storing 
all of it in memory? E.g. in a network switch,
– which IPs have most packets passing through a switch
– has traffic pattern changed overnight?

• We have to give up on exact answer, and rely 
on…
– approximation: return answer close to truth 
– randomization: be correct only with high probability
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Streaming model: sketches
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Streaming problem: distinct count
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10.1.21.10, 10.93.28,1,…..,98.0.3.1,…..10.93.28.1…..



Other applications

• Universe = set of all k-grams, stream is 
generated by document corpus
– need number of distinct k-grams seen in corpus

• Universe = telephone call records, stream 
generated by tuples  (caller, callee)
– need number of phones that made > 0 calls 
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Solutions
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• Naïve solution: 𝑂( 𝑆 𝑙𝑜𝑔 𝑛 ) space
– Store all elements, sort and count distinct
– Store a hashmap, insert if not present

• Bit array: O(|n|) space:
– Bits initialized to 1 only if element seen in stream

• Can we do this in less space ?



Approximations
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First effort
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First effort



Linear Counting
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Linear Counting
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Linear Counting Analysis



Flajolet Martin Sketch



Flajolet Martin Sketch
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Example
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Space usage
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Intuition
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Formalizing intuition
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Proof of FM
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Proof of FM
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Proof of FM
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Proof of FM



Upper bound
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Lower bound



Understanding the bound
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Improving the probabilities
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Improving the probabilities
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Improving the probabilities
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Summary

• Streaming model– useful abstraction
– Estimating basic statistics also nontrivial

• Estimating number of distinct elements
– Linear counting
– Flajolet Martin  
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