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Introduction
This lecture is based on ARC: A Self-Tuning, Low Overhead
Replacement Cache. Nimrod Megiddo, Dharmendra
Modha. 2nd USENIX Conference on File and Storage
Technologies (FAST 03), San Franciso, CA.
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Main idea, combine
LRU and LFU

Keep two lists, L1 and L2

If the size of the cache is c then |L1| + |L2| = 2c

The lists are larger then the amount of pages in cache
There are ghost pages: book-keeping done for pages
that are not actually in cache
L1 keeps track of recently accessed pages: recency
L2 keeps track of pages there were recently accessed
twice (or more): frequency
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Main idea II
Out of the total 2c pages, only c can be kept in cache
The algorithm adaptively chooses how much to use
from L1 and how much from L2
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Two lists, L1 and L2
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Lists are split into
Top and Bottom
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Fixed Replacement
Cache

The Fixed Replacement Cache policy FRC(p, c): keep
p pages in L1 and c − p pages in L2

Replacement rules, when lookup for page P:
If hit in B1,B2,T1,T2
- Move P to MRU position in T2

If miss in B1,B2,T1,T2
- Move P to MRU position in T1
- Get rid of the LRU page in

either T1 or T2
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Adaptation
On a hit in B1

If |B1| >= |B2| , increment p by 1
Otherwise, increment by |B2|/|B1|

Increments to p are bounded by the cap c

On a hit in B2

If |B2| >= |B1| , decrement p by 1
Otherwise, decrement by |B1|/|B2|

Decrements to p are bounded by zero
The main idea is to adapt the parameter p according to
what has worked better so far
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Scan resistance
Some workloads have a lot of one-time accesses to
pages
For example, b-tree leaves under a 100% random
lookup workload
ARC is resistant to such workloads
It adapts and gives preference to the L2 list
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Workloads

Several workloads were used:
1. P1- P14 were traces on

Windows NT workstations
2. SPC: Standard industry

block-storage workloads
3. OLTP: Online transaction

processing
Writes were discarded, only reads
were considered
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CPU overhead
Computational overhead:
1. Run P9, see how long it takes (in seconds)
2. ARC is very close to LRU
3. All other algorithms are more expensive
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OLTP
OLTP: Online transaction processing is an important
workload
Database receives operations (transactions) and
performs them online
70% read, 30% write
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OLTP performance
comparison

Results:
1. c is the cache size
2. The numbers are hit rates in percentage

ARC performs better than all other online algorithms
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Comparing LRU,
ARC, and FRC

ARC outperforms LRU for all workloads
It is interesting to compare ARC to an offline version
that compute the optimal p

Mostly ARC is close to FRC
Sometimes, it is better, because it can change p over
the life of the workload
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Comparison II

Sometimes (P8) it is
worse
In P8 it is better to not
continuously adapt
Adaptation has a cost
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Adaptation of p

The graph shows adaptation of p during the P4
workload
The cache size is 32768 pages
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Summary
ARC is efficient computationally
Adapts well to varying workloads
Outperforms LRU and most other algorithms
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