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Introduction

The concept of caching dates back (at least) to von
Neumann's classic 1946 paper that laid the foundation
for modern practical computing. Today, caching is used
widely in storage systems, databases, Web servers, mid-
dleware, processors, file systems, disk drives, RAID con-
trollers, operating systems, and in varied and numerous
other applications.

Generically, a cache is a fast, usually small, memory in front of a
presumably slower but larger auxiliary memory. For our pur-
poses, both memories handle uniformly sized items called
pages. We also assume demand paging. Host requests for pages
are first directed to the cache for quick retrieval and, if the page
is not in the cache, then to the auxiliary memory. If an
uncached page is requested, one of the pages currently in the
cache must be replaced (often requiring that the page be flushed
back to the auxiliary memory, if it was written to by the host). A
replacement policy determines which page is evicted. LRU is the
most widely used replacement policy.

Until recently, attempts to outperform LRU in practice have not
fared well because of overhead issues and the need to pre-tune
various parameters. Adaptive Replacement Cache (ARC) is a
new adaptive, self-tuning replacement policy with a high hit
ratio and low overhead. It responds in real time to changing
access patterns, continually balancing between the recency and
frequency features of the workload, and demonstrates that
adaptation eliminates the need for workload-specific pre-tun-
ing. Like LRU, ARC can be easily implemented. Even better, its
per-request running time is essentially independent of the cache
size. Unlike LRU, ARC is “scan-tolerant” in that it allows one-
time sequential requests to pass through without polluting the
cache. ARC leads to substantial performance gains over LRU for
a wide range of workloads and cache sizes.
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ARC’s Paradigm

Suppose that a cache can hold ¢ pages. The ARC scheduler
maintains a cache directory that contains 2c pages, ¢ pages in
the cache and ¢ history pages. ARC’s cache directory, referred to
as DBL, maintains two lists: L1 and L2. The first list contains
pages that have been seen only once recently, while L2 contains
pages that have been seen at least twice recently. The replace-
ment policy for managing DBL is: Replace the LRU page in L1 if
it contains exactly ¢ pages; otherwise, replace the LRU page in
Lz,

The ARC policy builds on DBL by carefully selecting ¢ pages
from the 2c pages in DBL. The basic idea is to divide L1 into a
top T1 and bottom B1 and to divide L2 into top T2 and bottom
B2. The pages in T1 are more recent than those in B1; likewise
for T2 and B2. The algorithm includes a target size target_T1
for the T1 list. The replacement policy is simple: Replace the
LRU page in T1, if T1 contains at least target_T1 pages; other-
wise, replace the LRU page in T2.

The adaptation comes from the fact that the target size
target_T1 is continuously varied in response to an observed
workload. The adaptation rule is also simple: Increase
target_T1, if a hit in the history B1 is observed; similarly,
decrease target_T1, if a hit in the history B2 is observed.

LRU

Consider a very simple implementation of an LRU cache to
motivate ARC. A typical implementation maintains a cache
directory comprising cache directory blocks (CDB), often with
a structure like this:
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