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Abstract

This paper describes a General-Purpose Software
cache (GPS cache) which can improve the performance
of many applications including Web servers and data-
bases. It can service several hundred thousand cache
hits per second on a uniprocessor. When used to cache
data for a Web server accelerator, the overhead due to
the GPS cache was an insignificant factor in the over-
all performance of the system. The GPS cache can
store objects in memory, on disk, or both. The cache
uses a new algorithm for managing exzpiration times
of cached objects which is more efficient than previ-
ous ones. The GPS cache uses Data Update Propa-
gation (DUP) to invalidate complez objects which is
crucial for caching and maintaining updated copies of
dynamic Web pages. Transactions can be logged using
different buffering mechanisms in order to provide a
balance between efficiency and currency of transaction
log files. The GPS cache provides API functions which
allow applications to directly manipulate its contents.

1 Introduction

Software caches are a critical component in im-
proving the performance of many applications includ-
ing Web servers, databases, and file systems. In or-
der for an application to benefit from caching, it must
repeatedly use data which is expensive to calculate
or fetch. By caching such data, the application only
needs to calculate or fetch the data once. Whenever
the data is needed after it has been cached, the ap-
plication can fetch the data from the cache instead of
recalculating it or fetching it from a remote location.

Software caches are generally several order of mag-
nitudes slower than processor caches. Processor caches
can return data in several nanoseconds. By contrast,
caches for dynamic Web pages on Web servers can pro-
vide near-optimal speedup by handling several hun-
dred hits per second [6]. Since software caches can
afford to be much slower than processor caches, soft-
ware caches can provide more features such as com-
plex invalidation and replacement strategies as well as
logging cache transactions.

This paper describes a General-Purpose Software
Cache (GPS Cache) designed to improve performance
of a wide variety of applications such as Web servers
and databases. Applications add, delete, and query
the cache via a set of API function calls. The GPS
cache can be configured to store data in memory, on

disk, or both. A common mode of operation is to use
disk as secondary storage for cached objects which
cannot fit in memory due to the presence of other
cached objects which are accessed more frequently. A
single processor running a GPS cache can service sev-
eral hundred thousand cache hits per second.

We have used the GPS cache for storing data in
a Web server accelerator. The overhead introduced
by the cache was an insignificant factor in the overall
performance of the Web server accelerator. A detailed
analysis of the performance of the Web server accel-
erator is contained in [9]. We are also deploying the
GPS cache for improving performance in distributed
object-oriented applications.

Cached objects can have expiration times associ-
ated with them after which they are no longer valid.
The GPS cache implements a new efficient algorithm
for invalidating objects based on expiration times. In
addition, API functions allow application programs to
explicitly invalidate cached data.

The GPS cache implements the data update prop-
agation (DUP) algorithm for invalidating cached ob-
jects [3, 7]. This feature is useful for keeping complex
data objects current in the cache. DUP has proved to
be extremely useful for caching dynamic Web pages.

The GPS cache allows all transactions to be
logged in a file. A cache transaction is any invocation
of a cache API function by the application program.
In order to reduce the overhead for logging, the fre-
quency with which buffers containing transaction in-
formation are flushed to the file system can be varied.
If every transaction record is flushed to disk as soon
as it is generated, log files will always be up to date
and no logs will be lost if the cache process fails. The
overhead for immediately flushing every transaction
log is substantial, however. An alternative approach
is to accumulate several transaction records in a buffer
before flushing the buffer to disk. This approach has
lower overhead. If the cache process fails, however,
transaction records which have not yet been flushed
to disk are lost.

2 Cache Architecture

The GPS cache is a POSIX-compliant C++ li-
brary. In order to use the GPS cache, an application
uses the GPS cache API’s to manage the cache and is
linked with the GPS cache library. API functions exist
to add, delete, or change objects, look up objects and
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Figure 1: Key features of the GPS cache.

information about objects, change information about
objects such as expiration times, and to modify cache
parameters such as the maximum size of a cacheable
object. API functions also exist to implement DUP.

Cache configuration parameters specify how much
memory and disk to use for the cache. Objects cached
in memory can be accessed much more quickly than
objects cached on disk. The GPS cache attempts to
keep the hottest objects in memory. It uses the Least-
Recently-Used algorithm (LRU) to determine which
objects should be cached in memory as well as which
objects should be deleted from the cache in order to
make room for new ones.

LRU is implemented by maintaining a doubly
linked list ordering cached objects by the time of most
recent access. Pointers to the back of the list, front of
the list, and the least recently used object in memory
(lru_in_memory) are maintained. Whenever an ob-
ject is accessed, it is moved to the front of the LRU list.
If the object was previously cached on disk but not in
memory, the object is copied into memory. A con-
figurable cache parameter specifies whether the copy
on disk for such objects should be retained after the
object is brought into memory. Retaining the copy
on disk improves performance if the cached copy is
pushed out of memory multiple times. Deleting the
copy on disk saves disk space.

When an object is added to the cache, the ap-
plication program can specify the position of the ob-
ject on the LRU list. The current options are at the
front of the LRU list, at the back, or adjacent to the
least recently used object in memory which can be
found by examining the lru_in_memory pointer. If
caching the object results in a memory overflow, the
lru_in_memory pointer is examined to move enough
of the least recently used objects from memory to disk
to make room for the new object. Transferring these
objects from memory to disk may cause the disk por-
tion of the cache to overflow as well. If so, objects are
removed from the cache starting from the end of the
LRU list.

When an object is cached or modified, the applica-
tion program can specify a size for the buffer contain-
ing the cached object which is larger than the object

size. While this wastes space, it can save time in a sit-
uation where a variable sized object is constantly be-
ing overwritten. If the buffer size needs to be changed
during each overwrite, considerable time can be spent
deallocating the old buffer and allocating a new buffer.
By contrast, if a buffer large enough to handle all sizes
is created, it should suffice for all overwrites. When
an application program modifies a cached object, the
API provides two methods for changing the size of the
buffer containing the cached object:

e Only allocate a new buffer for the object (and
deallocate the old one) if the existing buffer is
too small to contain the new data.

e Allocate a new buffer for the object (and deallo-
cate the old one) any time the existing buffer size
is different from the preferred buffer size for the
new data.

Information about each cached object is main-
tained in an object information block (OIB) which is
implemented as a C++ class. Information contained
in an OIB includes the key used to reference an object,
the size of the object, a pointer to the buffer contain-
ing the object, etc. Pointers to OIB’s are maintained
in a hash table indexed by object keys [1]. That way,
an object can be fetched in constant time regardless
of the number of objects in the cache.

The cache operates in one of two modes: fast mode
and safe mode. In fast mode, a pointer to the OIB
is returned without any copying. This results in ex-
tremely fast lookups. A key advantage of fast mode is
that the time to return an item from the cache does
not grow with the object size. While fast mode suffices
for applications which read but do not modify cached
objects, it is inconvenient for applications which mod-
ify cached objects because the application must make
a new copy of a cached object after looking it up. An-
other problem with fast mode is that it exposes part of
the cache’s internal data structures to the application.
This makes it possible for an application developer to
introduce bugs by modifying data which should only
be modified by the cache.

For these reasons, the GPS cache also provides
safe mode which makes a copy of a cached object af-
ter a lookup. Safe mode is slower than fast mode. In
addition, lookup times increase with the size of the
object being returned. However, safe mode is more
convenient if the application needs to modify objects
returned from cache. Safe mode also protects inter-
nal cache data structures from being modified by the
application program.

2.1 Managing Expiration Times

The GPS cache allows the application to option-
ally specify an expiration time for a cached object. Af-
ter the expiration time for an object has passed, the
object is no longer valid and can be deleted from the
cache. Expiration times are used to invalidate objects
in proxy caches on the World Wide Web today.

There are a number of methods for managing ex-
piration times. A simple method is to maintain an
expiration list of objects ordered by expiration times



and to garbage collect expired objects by scanning the
list. In order to allow an object to be deleted from the
cache before its expiration time in constant time, the
list should be doubly linked. The drawback to this ap-
proach is its inefficiency. Objects are not necessarily
added to the cache in the order in which they expire.
Therefore, adding an object to the cache can become
expensive because the expiration list position for the
object must be determined. If there are n cached ob-
jects with expiration times, caching a new object with
an expiration time requires O(n) instructions.

An alternative is to use a balanced tree ordered
by expiration times which we shall refer to as an ez-
piration tree. Using this approach, both adding an
object to the cache with an expiration time and delet-
ing an object from the cache with an expiration time
require O(log(n)) instructions. The cache periodically
garbage collects objects which have expired. During
a garbage collection, several objects may need to be
removed from the expiration tree at a time. Using bal-
anced tree algorithms provided in textbooks, garbage
collecting k objects would require O(log(k * n)) in-
structions [5, 1, 8].

One method for obtaining more efficient garbage
collections is to use a B-tree in which data are stored
in leaf nodes of the expiration tree. Such B-trees are
known as BT -trees [4]. By contrast, basic B-ireesstore
data within internal nodes of the tree. By linking the
leaf nodes of a Bt-tree together, it is easy to exam-
ine cached objects in the order in which they expire.
It is also possible to delete k objects from an expira-
tion tree during a garbage collection by performing a
single restructuring of the tree because all objects be-
ing deleted would correspond to consecutive leaf nodes
at one end of the tree. Using this approach, deletion
of the objects from the expiration tree would require
O(k + log(n)) instructions.

The GPS cache uses a different method for
garbage collection in which objects with expiration
times can be inserted and deleted from the cache in
constant time. In addition, the data structures used
for managing expiration times are easier to implement
than balanced trees.

Cached objects are grouped by expiration times.
Each group of objects having similar expiration times
is known as an ezpiration group. Each expiration
group corresponds to objects having expiration times
between an interval starting at a time ¢ and end-
ing at a time t + expiration_interval_ width, where
expiration_interval_width is a cache parameter which
can be varied. Time intervals corresponding to differ-
ent expiration groups never overlap. The expiration
group corresponding to the current time is known as
the current expiration group.

Expiration groups are stored in hash tables.
Empty expiration groups don’t consume any space.
Each nonempty expiration group is represented as a
doubly linked list containing pointers to the cached
objects. The double linking allows any cached object
to be removed from an expiration group in constant
time.

The maximum number of objects which can be re-
claimed during a single garbage collection is bounded

by the cache parameter maz_reclaimable_per_gec. This
parameter limits the delay in cache response times
due to garbage collections. When the cache en-
ters a garbage collection phase, it invalidates up to
maz_reclaimable_per_gc obsolete objects by starting
with objects in the oldest expiration group which has
not been completely reclaimed and continuing until
the expiration group corresponding to the current time
is reached. No objects in the current expiration group
are invalidated. This is because only some of these
objects will have expired. Garbage collecting the cur-
rent expiration group is more efficient if done at a
later stage when the group is no longer current and
the cache is certain that all of these objects have ex-
pired.

If the garbage collection succeeds in invalidating
all objects in expiration groups preceding the current
one, another garbage collection does not take place
for a while. If, on the other hand, the garbage collec-
tion failed to invalidate all objects in expiration groups
preceding the current one, another garbage collection
takes place after the next request.

Garbage collections also occur after the cache can-
not store a new object due to insufficient space. In this
case, the garbage collection ends when enough space
has been freed up for the new object. In this type of
garbage collection, the cache will attempt to invalidate
objects in the current expiration group if all previous
expiration groups have been garbage collected and in-
sufficient space has been reclaimed. If garbage col-
lecting the current expiration group still fails to clear
up sufficient space, the cache resorts to a replacement
algorithm such as LRU.

2.2 Invalidation Algorithm

In many cases, the value of a cached object is de-
pendent on underlying data. When the underlying
data changes, one or more cached objects might be-
come stale as a result of the changes. A method is
needed to propagate the changes to the cache. For
example, the cache may contain dynamic Web pages
which are constructed from databases [6]. In this sit-
uation, a method is needed to determine which Web
pages are affected by updates to the database. That
way, caches can be synchronized with databases so
that they do not contain stale data. Furthermore, the
method should associate cached pages with parts of
the database in as precise a fashion as possible. Oth-
erwise, objects whose values have not changed may be
mistakenly invalidated or updated from a cache after a
database change. Such unnecessary updates to caches
can increase miss rates and hurt performance.

The GPS cache implements an algorithm for
cache invalidation known as Data Update Propagation
(DUP) [3, 7]. DUP has been a critical component in
improving performance at Web sites serving a high
percentage of dynamic pages. At the official Web site
for the 1998 Olympic Winter Games, DUP improved
cache hit rates from 80% to near 100% [2]. The basic
approach is to maintain correspondences between 0b-
jects which are defined as items which may be cached
and underlying data which periodically change and af-
fect the values of objects. Although an entity may be



both an object as well as underlying data, objects and
underlying data could also be different, which would
mean that underlying data are not cacheable.

When DUP is being used, the GPS cache main-
tains data dependence information between objects
and underlying data. When the cache becomes aware
of a change to underlying data, it queries the depen-
dence information which it has stored in order to de-
termine which cached objects are affected. Caches use
dependency information to determine which objects
should be invalidated as a result of changes to under-
lying data.

The application program is responsible for com-
municating data dependencies between underlying
data and objects to the cache. Such dependencies can
be represented by a directed graph known as an object
dependence graph, wherein a vertex usually represents
an object or underlying data. An edge from a ver-
tex v to another vertex u denoted (v, u) indicates that
a change to v also affects u. Node v is known as the
source of the edge, while u is known as the {arget of the
edge. For example, if node go2 in Figure 2 changes,
then nodes gob and gob6 also change. By transitivity,
go'7 also changes. Edges may optionally have weights
associated with them which indicate the importance of
data dependencies. In Figure 2, the data dependence
from gol to gob is more important than the data de-
pendence from go2 to gob because the former edge has
a weight which is b times the weight of the latter edge.

Figure 2: An object dependence graph. Weights are
correlated with the importance of data dependencies.

In many cases we have encountered, the object
dependence graph is a simple object dependence graph
having the following characteristics:

e Each vertex representing underlying data does
not have an incoming edge.

e Each vertex representing an object does not have
an outgoing edge.

e All vertices in the graph correspond to underlying
data (nodes with no incoming edges) or objects
(nodes with no outgoing edges).

e None of the edges have weights associated with
them.

Figure 3 depicts a simple object dependence graph.
This paper explains how DUP works for simple object

dependence graphs. A method for generalizing DUP
to handle any object dependence graph is contained

in [3, 7].

ol 02

udl ud2 ud3 ud4

Figure 3: A simple object dependence graph.

The application program must determine an ap-
propriate correspondence between underlying data
and vertices of the object dependence graph G. For
example, a vertex corresponding to underlying data
may represent a database table. Another vertex cor-
responding to underlying data may represent portions
of several database tables. There are no restrictions
on how underlying data may be correlated with nodes
of G. The application program has freedom to pick the
most logical and/or efficient system.

Each object has a string obj_id known as the ob-
ject ID or key which identifies the object. Similarly,
each node representing underlying data has a string
ud_id known as the underlying data ID which identi-
fies it. An application program informs the cache that
an object has a dependency on underlying data via an
API function:

add_dependency(obj_id, ud_id)

Whenever underlying data corresponding to a node in
G changes, the application program notifies the cache
via an API function:

underlying data_has_changed(ud_id)

The cache then invalidates all cached objects having
dependencies on ud_id. Referring to Figure 3,

underlying data_has_changed(ud4)
would cause 02 to be invalidated. The function call:
underlying data_has_changed(ud?2)

would cause both 0l and 02 to be invalidated.

The OIB for each object with one or more de-
pendencies on underlying data includes the object ID
and an incoming adjacency list containing all underly-
ing data ID’s corresponding to underlying data which
affect the value of the object. Figure 4 depicts the in-
coming adjacency lists corresponding to the graph in
Figure 3.

The cache also maintains a hash table contain-
ing pointers to outgoing adjacency lists for nodes in G
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Figure 4: Incoming adjacency lists corresponding to
the graph in Figure 3.

corresponding to underlying data. The hash table is
indexed by underlying data ID’s. Each outgoing ad-
jacency list contains the object ID’s of objects whose
values depend on the underlying data represented by
the underlying data ID. Figure 5 depicts the hash ta-
ble corresponding to the graph in Figure 3.

Hash Table

udl =] o1

ud2 = 01 02
ud3 =] 01 02
ud4 =] 02

Figure 5: The hash table corresponding to the graph
in Figure 3.

An invocation of the API function:
add_dependency(obj_id, ud_id)

adds a new edge to G by adding obj_id to the outgo-
ing adjacency list for ud_id and ud_id to the incoming
adjacency list for obj _id.

An invocation of the API function:

underlying data_has_changed(ud_id)

is implemented by invalidating or updating all objects
on the outgoing adjacency list for ud_ad.

It is sometimes desirable to delete nodes from G.
For example, all dependencies on an underlying data
node could become obsolete in which case the node
would no longer be needed. Similarly, an object could
go away which would make its node in G unnecessary.
Object nodes are removed from G by removing the ob-
ject ID from outgoing adjacency lists for all nodes on

the incoming adjacency list for the object and remov-
ing the incoming adjacency list for the object. Under-
lying data nodes are removed from G by removing the
underlying data ID from incoming adjacency lists for
all nodes on the outgoing adjacency list for the under-
lying data node and removing the hash table entry for
the underlying data node.

DUP adds very little processing overhead to the
cache. In particular, CPU cycles for cache lookups are
unaffected.

2.3 Transaction Logging
The GPS cache provides a flexible method for

recording cache transactions in a log file. The ap-
plication program can specify which cache API calls
should be logged. For example, if cache reads are be-
ing logged, each read request generates a transaction
record which contains the object ID requested and the
size of the object found. A size of 0 would indicate a
cache miss.

Cache records are written to disk using the stan-
dard C library call fwrite. Invoking fwrite does not
automatically flush a record to disk. The operating
system may buffer output from several fwrite function
calls before flushing multiple transaction records to
disk. The application program has the option of spec-
ifying that output should be sent to disk immediately
after each call to fwrite. This is accomplished by call-
ing fflush after each call to fwrite. In general, relying
on the operating system to flush buffers to disk results
in better performance. Flushing buffers after each call
to fwrite will prevent transaction records from being
lost in the event of a failure.

The application can also control how many trans-
action records need to accumulate in a buffer before
calling fwrite. Accumulating more transaction records
before calling fwrite results in better performance but
potentially more lost records in the event of a failure.

3 Cache Performance
The performance numbers presented in this sec-

tion were obtained on an IBM RS/6000 Model 590
workstation running AIX version 4.2.0.0. This ma-
chine contains a 66 Mhz POWER2 processor and com-
prises one node of an SP2 distributed-memory multi-
processor. The graphs in this section plot performance
as the average CPU time to satisfy a request. In all
of the experiments used to produce the graphs, the
CPU was operating at near 100% capacity. Thus, the
number of requests per unit of real time which can
be satisfied is obtained by taking the reciprocal of the
numbers in the graphs.

The GPS cache can return several thousand ob-
jects per second. When all objects are in memory,
logging is disabled, and the cache is operating in fast
mode, the GPS cache can return hundreds of thou-
sands of objects per second. This kind of performance
allows the GPS cache to store data for Web servers
while consuming an insignificant number of cycles rel-
ative to the Web server. A high-performance Web
server can serve a maximum of several hundred Web
pages per second on an SP2 node before driving the
CPU to 100% utilization.



In fast mode, the time to lookup and return ob-
jects is independent of object size because no copying
takes place. Key size has some effect on performance.
However, the cache results in good performance even
with relatively long keys. The effect of key size on
cache performance is shown in Figure 6. The curve
labelled hits represents the average time to find and
return a pointer to an object in microseconds. Un-
less noted otherwise, all times in this section are in
microseconds. The curve labelled miss penalty repre-
sents the time required by the GPS cache to determine
that an object is not in the cache.

Effect of Key Size
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Figure 6: The effect of key size in fast mode on

cache lookups when the hashing function examines
each character. Times are in microseconds.

The increase in request time with increasing key
size in Figure 6 is primarily due to hashing overhead;
all characters of the key are used for hashing. The
GPS cache uses a simple hashing algorithm which
computes a numerical value for a key by examining
characters of the key, computing a character number
for each examined character based on both the charac-
ter and its position, and adding the character numbers
together (modulo the maximum integer size) to get a
hash sum. The hash sum modulo the hash table size
gives the hash table bucket for the key. In the graph
in Figure 6, a maximum of one object was stored in
each hash bucket. Figure 7 shows the effect of storing
multiple objects in a hash bucket.

The overhead due to hashing is not very large,
even if hashing is performed on 64 characters. In or-
der to bound the hashing overhead, the number of
characters used to calculate hash values can be set
to a maximum independent of the key size. This has
the negative effect of increasing the probability of two
keys hashing to the same value which is known as a
collision.

In Figure 7, only five characters are examined for
hashing regardless of key size. The degradation in
performance due to increasing key size is less than in
Figure 6. This graph also shows the effect of storing
multiple objects in the same bucket. Each nonempty

bucket of the hash table contains a linked list of point-
ers to objects. By choosing appropriate hashing func-
tions and hash table sizes, the expected size of a hash
table list can be kept small. The variable E used to
label the curves in Figure 7 is the average number of
objects examined in a bucket per request. On aver-
age, a request resulting in a cache hit examines half
of the objects in the appropriate bucket which must
be nonempty. If [ is the average size of all nonempty
lists in the hash table, we can approximate the average
number of objects examined in a cache hit by:

By =

N | =~

A request resulting in a cache miss examines every ob-
ject in the appropriate bucket which could be empty.
If n is the number of cached objects and h is the hash
table size, we can approximate the average number of
objects examined in a cache miss by:
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Figure 7: The effect of key size in fast mode on cache
lookups when the hashing function only examines five
characters. E is the average number of objects exam-
ined in a bucket per request.

The remaining performance figures in this section
were generated using a key size of six, hashing by ex-
amining five of the key characters, and storing at most
one object in a hash bucket. It is straightforward to
calculate the effect of other choices of these parame-
ters from Figures 6 and 7.

Figure 8 shows the average request time in mi-
croseconds for transactions which overwrite the old
value of an object with a new value. Since cache writes
require copying data to the cache, write times increase
with object size unlike lookups in fast mode. The
curve marked new buffer corresponds to situations in
which a new buffer is created for the overwrite and
the old buffer is deallocated. This might be required



if the size of the new object is different from that of
the old object. The curve marked same buffer corre-
sponds to situations for which the same buffer is used
to hold both the old and new object. This might be
the situation if the original buffer were large enough
to contain both the old and new object.
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Figure 8: CPU time for cache writes.

Figure 9 shows the average request time in mi-
croseconds for cache lookups in safe mode. Copies of
objects are made and returned. Because of the copy-
ing, the overhead for returning a cached object grows
with object size. The overhead for looking up an ob-
ject in safe mode is comparable to the overhead for
overwriting an object with a new value. Thus, the
graph in Figure 9 is similar to the curve marked same

buffer in Figure 8.
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Figure 9: CPU time for cache lookups in safe mode.

Figure 10 shows the effect of transaction logging
on average request times in fast mode. Records corre-
sponding to cache transactions are placed in a buffer.
After a certain number of records have accumulated,

the entire buffer is sent to disk using the standard C li-
brary function fwrite. The X-axis represents the num-
ber of records which must accumulate in the buffer
before being written to disk via fwrite. The fwrite
function doesn’t immediately force the buffer to disk.
In the curve labelled immediate flush, the cache forces
the buffer to disk immediately after each fwrite via
fflush. In the curve marked deferred flush, the cache
relies on the operating system to flush data to disk.

Effect of Transaction Logging
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Figure 10: Effect of transaction logging.

Relying on AIX to flush transaction logs to disk
results in good performance. Using this approach, lit-
tle is gained by buffering several transaction records
before sending them to disk via fwrite. The cache
would explicitly flush transaction records to disk after
every call to fwriteif it is crucial not to lose the records
in the event of a failure. However, flushing records to
disk after only a small number of transactions entails
a high overhead.

The overhead for transaction logging is dependent
on the operating system. AIX efficiently flushes out-
put to disk. If lost transaction records in the event
of a failure are not an issue, good performance can
be achieved by writing single transaction records to
disk without buffering and relying on AIX to flush the
transaction records to disk. By contrast, on an oper-
ating system with a less efficient I/O implementation,
more performance gains might be achieved by hav-
ing the cache buffer several transactions before writing
them to disk.

All of the performance numbers discussed so far
are for situations when objects were cached in memory.
Figure 11 shows the average request time for lookups
in fast mode when 20% of the requests are satisfied
from disk. As soon as an object cached on disk but
not in memory is accessed, the object is brought into
memory and moved to the front of the LRU list. Doing
so may cause one or more of the least recently used
objects in memory to be moved out of memory.

Most of the overhead in Figure 11 results from
copying objects from disk into memory. After an ob-
ject was moved into memory from disk, the copy on
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Figure 11: Lookup performance when 20% of requests
are satisfied from disk.

disk was not deleted. As a result, little work was
required if the object was later forced out to disk
again. In the test used to generate Figure 11, files
were not being created or deleted after a steady state
was reached.

In the experiments used to generate Figures 10
and 11, CPU utilization was near 100% even though
data were being transferred to and from disk. We did
encounter situations where I/O caused CPU utiliza-
tion to drop considerably. One situation was when
the files being read from and written to were not lo-
cal to the machine but were instead mounted remotely
via NFS. Another situation was when caching objects
on disk resulted in the creation and deletion of many
files. In such situations, better CPU utilization can
be achieved by using a multithreaded cache such as
the one described in [6]. However, for most of the sit-
uations we encountered, we were able to achieve near
100% CPU utilization. The GPS cache, which is sin-
gle threaded, is preferable to a multithreaded cache
in situations when it can achieve high CPU utiliza-
tion because of the greater efficiency, portability, and
simplicity which a single threaded design entails.

4 Conclusion

The GPS cache is a high-performance cache which
can service several hundred thousand cache hits per
second on a single processor. It can be used to improve
performance for a wide variety of applications such as
Web servers and databases. When used to cache data
for a Web server accelerator, the overhead due to the
GPS cache was an insignificant factor in the overall
performance of the system. We are also deploying the
GPS cache for improving performance in distributed
object-oriented applications.

The GPS cache can store objects in memory, on
disk, or both. The cache uses a new algorithm for
managing expiration times of cached objects which is
more efficient than previous ones. The GPS cache uses
DUP to invalidate complex objects which is crucial for

caching and maintaining updated copies of dynamic
Web pages. Transactions can be logged using different
buffering mechanisms in order to provide a balance
between efficiency and currency of transaction log files.
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