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Caches



Memory Hierarchy
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Cache

I Sets (S), lines (E ), and blocks (B)
The capacity of a cache is

C = S · E · B

I Split memory addresses into
012345678910111213141516171819202122232425262728293031

tag bits set bits block bits
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How to obtain information
about caches?



Lookup

1. Choose set given the set bits
2. Find valid line with given tag bits (hit or miss)
3. If hit, return block given block bits
4. Else fetch memory and place into cache
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Cache Misses

I Cold miss
I Conflict miss
I Capacity miss
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E = ?

I Direct-mapped (E = 1)
I n-way associative (E = n)
I Fully-associative (S = 1, i.e. E = C/B)
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Line Replacement Strategies

I Random
I Least Recently Used
I Least Frequently Used
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Write Strategy

Write Hits
I Write through
I Write back (needs dirty bit)

Write Misses
I Write allocate
I No write allocate

Assume write back and write allocate!
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Cache Performance

Cache Performance Metrics
I Miss rate (#misses/#references)
I Hit rate (1 - miss rate)
I Hit time
I Miss penalty time

Trade-Offs
I Cache size
I Line size
I Associativity
I Write Strategy
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Cache-Friendly Code

I Locality (spatial/temporal) tends to lower miss rates
I Minimize cache misses

SS 2014 – P Algorithm Engineering



Measuring Cache Misses



STREAM benchmark

John D. McCalpin. STREAM: Sustainable Memory Bandwidth
in High Performance Computers. URL:
http://www.cs.virginia.edu/stream/

SS 2014 – P Algorithm Engineering

http://www.cs.virginia.edu/stream/


Memory Mountain
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Homework

I Plot the memory mountain for your system
I Measure the memory throughput for your project
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