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Abstract - As the performance gap between processors
and main memory continues to widen, increasingly
aggressive implementations of cache reminiscences area
unit required to bridge the gap. during this paper, we
have a tendency to think about a number of the
problems that area wunit concerned within the
implementation of extremely optimized cache
reminiscences and survey the techniques which will be
wont to facilitate deliver the goods the more and more
rigorous style targets and constraints of modern
processors. Specifically, we have a tendency to think
about techniques that change the cache to be accessed
quickly and still deliver the goods an honest hit
quantitative relation. We have a tendency to conjointly
think about problems like area value and information
measure necessities. Trace-driven simulations of a TPC-
C-like workload and designated applications from the
SPEC95 benchmark suite area unit utilized in the paper
to check the performance of a number of the
techniques.

Index Terms- Cache memory, cache access mechanism,
address translation, cache space and bandwidth.

I. INTRODUCTION

Cache reminiscences area unit little quick
reminiscences wont to quickly hold the contents of
parts of main memory that area unit (believed to be)
doubtless to be used. the fundamental ideas of
victimization cache memories to enhance processor
performance are well studied and understood. See for
example. Today, caches became associate degree
integral a part of all processors. However, as the
performance gap between processor and main
memory continues to widen, increasingly optimized
implementations of caches area unit required. During
this paper, we have a tendency to think about a
number of the problems in implementing aggressive
cache reminiscences and survey the techniques that
area unit accessible to assist meet the more and more
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rigorous style targets and constraints of contemporary
processors.

The ability of caches to bridge the performance gap is
decided by 2 primary factors the time required to
retrieve knowledge from the cache and also the
fraction of memory references which will be satisfied
by the cache. These 2 factors area unit ordinarily
observed as access (hit) time and hit ratio severally.
The interval is very important for rest level (L1)
caches as a result of a longer interval generally
implies a slower processor clock rate and/or a lot of
pipeline stages. In order to reduce interval, cache
access ought to be triggered as shortly because the
address of the memory reference is offered. However,
the storage design, by imposing a potentially several
to at least one mapping of virtual to physical
addresses, places constraints on however this can be
achieved. The hit quantitative relation is additionally
important, each as a result of misses impose delays,
and since of chip information measure, particularly
once there's a shared bus may be a terribly restricted
resource.

A. CACHE FUNDAMENTALS

CPU caches area unit commonly associative
memories; the secret is a (real or virtual) memory
address. owing to the difficulties of building
extremely associative reminiscences, most CPU
cache reminiscences area unit organized as two-
dimensional arrays. The rest dimension is that the set,
and the second dimension is the set associativity. The
set ID is decided by a function of the address bits of
the memory request. the road ID inside a collection is
determined by matching the address tags within the
target set with the reference address. Caches with set
associativity of 1 area unit ordinarily observed as
direct mapped caches while caches with set
associativity larger than one area unit observed as
set-associative caches. If there's just one set, the
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cache is named fully-associative. Each cache entry
consists of some knowledge and a tag those identities
the most memory address of that data. Whether or not
a memory request may be happy by the cache is
decided by scrutiny the requested address with the
address tags within the tag array. There area unit
therefore 2 components to a cache access. One is to
access the tag array and perform the tag comparison
to see if the info is in the cache. the opposite is to
access {the knowledge the info the information}
array to bring out the requested data. For a set
associative cache, the results of the tag comparison
area unit wont to choose the requested line from
Within the set driven out of the info array.

In most computers, caches area unit accessed on the
$64000 memory address, whereas the ALU generates
the storage address. to hurry up the interpretation
method (and to not have to be compelled to access
the main memory page tables), another cache, one for
the page tables, is used. The page table cache is most
ordinarily called the interpretation Look a aspect
Buffer (TLB) [4]. the necessity to translate the virtual
address to the $64000 address could more delay
cache access.

B. PERFORMANCE ANALYSIS

Trace-driven simulation is that the commonplace
methodology for the study and analysis of cache
memory design; some trace driven simulation results
seem later during this paper. Trace driven simulation
may be a kind of event driven simulation, during
which the events consist of those collected from a
true system instead of those generated arbitrarily. For
cache memory studies, the traces contain sequences
of memory reference addresses. Traces are also
collected by a range of hardware and/or package
ways. A comprehensive discussion of this system and
its strengths and weaknesses is in

Among the traces utilized in this paper may be a trace
of the server aspect of a employment almost like the
group action process Performance Council's
benchmark C (TPC-C). This was collected with a
package tracing tool on associate degree IBM RISC
System/6000 system running genus Aix. Our
alternative traces contains have integer-intensive
programs (Compress, Gec, Go, Li, and Vortex) and 3
outing-point intensive applications (Apsi, Su2cor,
and Turb3d) from the SPEC95 benchmark suite.
These traces were collected with the Shade tool on
SUN Sparc Systems running Solaris.In our
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simulations, the remainder fifty million directions of
each trace area unit used for cache heat up functions.

Il. CACHE IMPLEMENTATION
PROBLEMS

A. ADDRESSING CONSTRAINT

In order to reduce effective operation time, the access
ought to be triggered as soon because the elective
address of the memory reference becomes accessible.
In most computers, however, caches area unit
addressed , as noted on top of, with the physical
address, and therefore there's a delay for translation.
This delay will usually be part overlapped, but it's
laborious to avoid utterly. nearly addressed caches
don't need address translation throughout cache
access, however the very fact that multiple virtual
pages is also mapped to constant physical page
greatly complicates their style.

B. INTERVAL AND MISS QUANTITATIVE
RELATION TARGETS

The performance of a cache is decided each by the
fraction of memory requests it can satisfy (hit/miss
ratio) and also the speed at that it will satisfy them
(access time). There are varied studies on cache
hit/miss ratios with relevance the cache and line
sizes, and also the set associativity [66], [67], [23]. In
general, larger caches with higher set associativity
have higher hit ratios. sadly, such cache topologies
tend to incur longer access times, as a result of in a
very set-associative cache, when the tags for the lines
within the set area unit browse out, a comparison is
performed (in parallel) then a mux is used to choose
the info like the matching tag, for example, results
from the on-chip temporal order model, cacti, counsel
that a 16KB direct-mapped cache with 16-byte lines
is regarding 2 hundredth quicker than an identical 2-
way set associative cache [82]. As addresses become
longer, the tag comparisons area unit slower. A
general strategy for at the same time achieving quick
interval and high hit quantitative relation is to possess
a quick and a slow access path. The quick path
achieves quick interval for the bulk of memory
references whereas the slow path boosts the elective
hit quantitative relation. we have a tendency to talk to
these 2 cases because the quick access and the slow
access severally. Techniques for achieving quick
cache access whereas maintaining high hit ratios may
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be generally classified into the subsequent four
categories:

e Decoupled cache

e Increased cache

e  Multiple-access cache

e  Multi-level cache:

C. AREA AND INFORMATION MEASURE
CONSTRAINTS

In order to bridge the growing performance gap
between processor and memory, more and a lot of
chemical element space is being dedicated to the on-
chip caches. as an example, the Intel Pentium
professional consists of a combine of 8KB on-die
instruction associate degreed knowledge L1 caches
and an on module 512KB L2 cache. along these
caches occupy sixty fifth of the full die space and
account for half a mile of the full range of transistors.
The size of the caches is simply a part of the reason
the cache hierarchy takes up such a lot die space in
today's processors. The other reason is that the caches
should be able to satisfy the large memory bandwidth
demanded by aggressive multiple-issue dynamic
processors that area unit capable of issuance multiple
instruction and knowledge references per cycle.
There area unit many approaches to increasing cache
information measure. an easy method is to possess
separate instruction and knowledge caches in order
that the instruction and knowledge references may be
handled simultaneously. However, as processors
become more and more superscalar, this approach by
itself is not comfortable. as a result of the instruction
reference stream is very consecutive, the instruction
bandwidth needed will generally be happy by
employing a wide instruction cache port (e.g. 16
bytes) associate degreed/or an instruction buffer to
deliver multiple directions per cycle. However, due to
frequent branches, the instruction cache usually
suffers incomplete fetches. The trace cache alleviates
this drawback by storing the logically contiguous
directions in a physically contiguous block in a very
separate cache.

The data reference stream is never thus well behaved
and so needs a lot of aggressive designs to handle
multiple requests per cycle. A general technique to
change coinciding memory or cache access is to
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divide the cache or memory into banks which will be
severally accessed.

For instance, the million instructions per second
R10000 depends on cache banks that area unit 2-way
interleaved to handle up to two coinciding knowledge
cache accesses. the downside of this approach is that
there is also contention for constant bank which can
scale back the elective information measure. within
the Alpha 21164, the data cache is duplicated to
realize roughly the performance of a real dual-ported
cache at the expense of quite doubling the chip space.
The Alpha 21264 achieves high cache bandwidth by
phase-pipelining the access in order that one index
may be provided on each clock edge. This quick
pipelined access avoids bank conflicts while not
requiring duplicated cache arrays. The Amdahl 470V
machines conjointly used a pipelined cache. An
effective thanks to increase cache information
measure while not acquisition a large space value is
to use a little multiple-ported buffer to retain recently
fetched knowledge. The buffer is searched once a
memory request is looking forward to associate
degree accessible port to access the cache. If the
requested knowledge is found within the small
buffer, the conventional cache access is canceled.

A different approach to reducing the $64000 estate
concerned by the cache hierarchy is to cut back the
size of the cache tag array. a well-liked technique is
to associate every cache tag with a sector consisting
of a set range of cache subsectors. This effectively
will increase the road size from the standpoint of
cache management. so as to avoid excessive memory
and vehicular traffic, a cache miss can solely usher in
the requested line and not the complete sector. One
major disadvantage of the sector cache is that the
allocation of cache house is finished on a sector
basis, despite the fact that solely some of the
subsectors of that sector is also in use. A recent work
confirms that a one-level sector cache sometimes
doesn't perform likewise as a typical one-level set
associative cache. Nevertheless, the world cache is
beneficial once there's a desire to integrate the cache
tag array of a Large off chip cache into the processor.
The decoupled sector cache is an effort to enhance
cache house utilization by belongings many sectors
share a standard pool of cache locations. In the
design projected in every cache set could contain
quite one sector and also the lines inside a sector can
be keep in any location inside the cache set. Another
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approach to reducing the realm demand of the tag
array is to avoid duplication of address tags. for
example, as a result of section of reference, the high-
order bits of the address tags tend to alter less often
than the low-order bits. Therefore, some space is also
saved by keeping these distinctive high-order address
tags in a very little table and exchange the high-order
address tags within the cache tag array with tips that
could this little table. Another supply of tag
duplication lies within the indisputable fact that the
TLB, cache tag array and probably branch target
buffer all maintain some kind of address tags.
Therefore, it's more room economical to implement a
unifiedtag array to save lots of one copy of the active
address tags. whether or not these 2 proposals may be
implemented expeditiously isn't clear.

I11. CONCLUSION

During the past decade the performance of processors
has improved by nearly hr every year. Although the
capability of DRAM has doubled each eighteen
months throughout this same amount, its performance
has improved by but 100 percent per annum. Such a
trend is anticipated to continue within the foreseeable
future. Bridging this ever-growing performance gap
between the processor and memory in a very cost-
efficient manner would require novel cache styles
and more and more aggressive implementations of
cache reminiscences. Current trends within the
business council that within the future it should
become economically possible to integrate a
processor on constant die because the DRAM. Such
associate degree integration has the potential to
reduce system value and improve each DRAM
latency and accessible information measure. though
these improvements is also substantial, the inherently
slow DRAM access still presents a big gap with
relevance the speed of the processor. For general
purpose computing, cache reminiscences will still
play a vital role in bridging the processor-DRAM
performance gap.
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