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CACHE MEMORY

For articles on related subjects, see

+ Associative Memory -
+ Buffer

+ Computer Architecture
+ Memory

+ Memory Hierarchy

+ Virtual Memory

introduction
A cache memory is a small, high-speed buffer used for
temporary storage of those portions of the contents of
some larger memory that are (believed to be) currently
in use. The most common use of a cache memory is in
the CPU of a computer system, where i it holds or buffers
the contents of main memory, Cache memories can also
be used to hold the contents of thc dlsk (a disk cache)
or mass storage (e.g. a tape cache).

A cache memory is normally both significantly

faster and significantly smaller than the memory whose -
contents it caches. Like any component of the memory -

hxcrarchy, it is useful only if it can satisfy a large fraction
of the rcfcrcnccs to the larger memory. In practice,
caches are very effective in a wide variety of situations
because of the principle of locality (see WORKING
SET), which is an empirical observation that most of
the time the information in use is either the same
information that was recently in use (temporal locality),
or is information “nearby” the information recently
used (spatial locality). Thus, a cache typically operates
by retaining copies of blocks of storage, each contammg
recently used information. ' : '

Caches are usually transparent or mvmble to the
processor. The CPU generates a main memory address
when it wishes to read or write data. When a cache is
added to this design, it is interposed between the CPU
and the main memory. The cache thus receives the main
memory address, and determines, through some sort of
associative search using the main memory address as the
key, whether it already holds the data corresponding to
that address. If so, in the case of a read, it replies to
the CPU with the data, and the main memory is not

Cache memory

referenced. When the data sought is retrieved from the
cache, there is a cache bit, otherwise a cache miss. -

Cache Operation

A CPU (central processing unit) typlcally consists of
three major components: the instruction unit, which
fetches and decodes instructions (see INSTRUCTION
DECODING); the execution unit, which executes the
instructions; and the storage unit, which contains the
cache, the TLB (translation lookaside buﬂ%;r), and the
translator. The operation of the cache is inseparable
from the operation of the rest of the storage unit, and
we discuss the cache in that context.

Figure 1 is a diagram showing the CPU and main
memory. Figure 2 presents a very snmplc design for a
CPU cache memoty, showing that the cache consists of
a number of entries. Each entry consists of an address
tag, a valid bit, and a line or block of darta. If the valid
bit is set to 1, the data is a copy of the data held in the
main memory locations identified by the address tag. If
the valid bit is set to 0, then the corresponding data field
does not currently hold valid data as a result of changes
to the contents of main memory. When the instruction
(I) or execution (E) units of the CPU generate a main
memory address, that address is presented to the cache,
which associatively and simultaneously compares the
address with the address field of each entry for which

- the valid bit is on. If a match is found (a bit), on a

read, the cache then replies to the I- or E-unit with the
requested information. If thelre is no match, then:the
cache fetches the line containing the desired information
from main memory, extracts the target information and

CPU.

Instruction. © " Execution
unit :  unit

Storage unit .

~ Address Data

h 4

Main memory -

Figure 1. - A CPU and main memory.
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Figure 2. Elemeots of a simple cqche hie"mory.

sends’it to the I- or E-unit, and also stores the line in
ascache entry, replacing the previous contents of that
entry. In the case of a write, the darta in the cache is
updated and, concurrently, the write is also transmitted
to main memory, where the main memory copy of the
data is updated. .

- Typically, - CPU cache :memories will experi-
ence 95-99.9% hits and TLBs generally will have
98-99.9% hits, dcpendmg on thc cache size, hne size,
and workload ‘

OtherTypesofCache

Caches can be used in numerous ways in computer
systems. A common type of cache is the disk cache. The
disk cache holds portions of the material on the disk
in some sort of faster storage, usually. semiconductor
storage. The disk cache can be located within the disk
enclosure, in which case it is managed by the (single)
disk controller in a file server or multidisk controller,
or the CPU can do the disk caching itself by using a

portion of main memory for that purpose. Disk caches

are reasonably effective, with typical read hit ratios in the
range of 70-90%. Issues in disk cache design are similar
to those for CPU caches; the designer must consider
the cache size, the cache location (CPU, server, disk
controller), the write policy (write-through, copy-back),
replacement algorithm, fetch algorithm, and block size.
A particularly important consideration in disk cache

design is the problem of reliability in the case of system
failure or power loss. In general, an operating system
assumes that data written to disk is completely safe
and immune to system failure. If data “written” to
disk is actually in the disk cache, this assumption
is violated, with potentially severe consequences: for
system integrity. Either write-through or battery backup
is typically used for disk caches in systems that are
expected to be highly reliable.

Database systems almost always do some amount
of caching; typically, they maintain a region in main
memory, which is used to hold recently referenced
blocks of data. This is similar in concept and operation
to disk caching.

Caching is used within operating systems to avoid
lengthy and redundant computations. For example, the
directory structure is used to translate file names to file
descriptors, and frequently the same name is translated
repeatedly. By caching recently performed translations,
use of the directory structure can be avoided. k

Caching is used in various ways in accessing the
World Wide Web (g.7.). A Web browser caches recently
used pages locally at the user’s computer. Typically, 2
Web server will also cache recently referenced pages, so
that it isn’t necessary to rettieve popular pagcs from dxsk
each time they are rcfercnccd
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CAD/CAM

See COMPUTER AIDED _
DESIGN/COMPUTER-AIDED .
MANUFACTURING (CAD/CAM).
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