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Lecture 17:  Lecture 17:  
Memory CachingMemory Caching
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We still have a problem!We still have a problem!

µProc
60%/yr.
(2X/1.5yr)

DRAM
9%/yr.
(2X/10 yrs)1
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Caching and The Principle of LocalityCaching and The Principle of Locality
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Spatial Locality in Instruction & DataSpatial Locality in Instruction & Data
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Program
Block size in 

words
Instruction 
miss rate

Data miss 
rate

Effective combined 
miss rate

gcc 1 6.1% 2.1% 5.4%
4 2.0% 1.7% 1.9%

spice 1 1.2% 1.3% 1.2%
4 0.3% 0.6% 0.4%



Direct Mapped Cache, Increased Block SizeDirect Mapped Cache, Increased Block Size
Capture Spatial Locality Capture Spatial Locality 

Block Size Increase: Miss RateBlock Size Increase: Miss Rate
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Block Size Increase: Overall PerformanceBlock Size Increase: Overall Performance

Miss
Penalty

Block Size

Increased Miss Penalty
and Miss Rate

Average
Access
Time

Block Size
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Block Size Increase: Fill TimeBlock Size Increase: Fill Time
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The Three Types of Cache MissesThe Three Types of Cache Misses
1. Conflict Misses1. Conflict Misses
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FourFour--Way Set Associative CacheWay Set Associative Cache
Avoid ConflictsAvoid Conflicts
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2:1 Cache Rule2:1 Cache Rule

Conflict

Rule of Thumb:  a direct-mapped cache of size N has about
the same miss rate as a 2-way set associative cache of size N/2.
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The Three Types of Cache MissesThe Three Types of Cache Misses
2. Capacity Misses2. Capacity Misses
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Capacity MissesCapacity Misses

Conflict

Fully Associative Cache yeilds no conflict misses.
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The Three Types of Cache MissesThe Three Types of Cache Misses
3. Compulsory Misses3. Compulsory Misses
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PrefetchingPrefetching!!
Reduces all types of misses, including Reduces all types of misses, including ““compulsorycompulsory””!!
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for(y = 0; y < SIZE_Y; y++)

for(x = 0; x < SIZE_X; x++)

sum += Array[x][y];
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for(y = 0; y < SIZE_Y; y++)

for(x = 0; x < SIZE_X; x++) {

junk = Array[x+16][y];

sum += Array[x][y]; 

}
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Conflict

Fully Associative Cache yields no conflict misses.
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3C Summary3C Summary
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MultiMulti--Level CachesLevel Caches
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Split Instruction and Data CachesSplit Instruction and Data Caches
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Handling Writes in CachesHandling Writes in Caches
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WriteWrite--Back vs. WriteBack vs. Write--Through CachesThrough Caches
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Write Around?
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Write BufferWrite Buffer

Source: Skadron/Clark
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Cache SummaryCache Summary
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