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Abstract—
Nearly all modern computing systems employ caches to

hide the memory latency. Modern processors often em-
ploy multiple levels of cache, with one or more levels on the
same die as the processor core. As performance demands
increase, it becomes increasingly important for an on-die
cache structure to perform well. Inefficient use of the avail-
able cache space can become increasingly costly in terms of
both speed [1] and power usage [4]. Speed and size con-
straints often make the case for small on-die caches, with lit-
tle or no associativity. However, small direct-mapped caches
may result in a large number of conflict misses.

In order to reduce the number of conflicts, we propose a
small structure called the Conflict Detection Table (CDT),
which stores the instruction and data addresses of load/store
instructions. By using this table, it can be found if a memory
access is expected to produce a cache hit. From this infor-
mation, it can be determined if a cache miss is caused by a
conflict with another instruction, and appropriate action can
be taken.

We propose two caches that employ this conflict detection
technique. The first cache, called the Bypass in Case of Con-
flict (BCC) cache, is a direct-mapped cache that bypasses the
cache when a conflict is detected. The second cache, called
the Sub-block in Case of Conflict (SCC) cache, is a direct-
mapped cache that fetches only part of the referenced cache
line, when a conflict is detected.

Experiments have shown that, for a number of applica-
tions, the BCC and the SCC can produce less traffic than
direct-mapped caches. This leads to decreased power con-
sumption without increasing the average memory access
time.

Keywords— cache; conflict misses; power reduction; em-
bedded systems

I. I NTRODUCTION

As we have shown in earlier work [4], conflict misses in
small direct-mapped caches can cause a significant amount
of ‘wasted’ off-chip memory traffic, especially if the line
size of the cache is large. Because of space and speed
constraints, on-die caches are in general small and lack

associativity.
Off-chip memory transfers consume a significant

amount of power, compared to control units and data-
paths [3]. Therefore, power reduction can be achieved by
either reducing the number of conflict misses or by reduc-
ing the amount of transferred bytes per conflict miss.

This paper is organized as follows. SectionII will dis-
cuss some examples of related work by other authors. In
SectionIII we will explain how recurring conflict misses
can be detected and how these can be resolved. This is ex-
perimentally verified in SectionIV. Conclusions are given
in SectionV.

II. RELATED WORK

Jouppi [8] proposed employing a small (four to eight
entries), fully associativevictim cachein order to reduce
conflict misses in caches with low associativity. Blocks
evicted from the primary cache are not immediately placed
in the level-2 cache but are given a second chance in the
victim cache. The victim cache is fully associative, how-
ever, and fully associative caches consume more energy
than direct-mapped caches. Memik et al. [10] proposed
several techniques to reduce the energy dissipated by cache
organizations equipped with a victim cache.

The Dual Data Cache proposed by González et al. [5] in-
cludes a mechanism that detects if a load instruction inter-
feres with itself. This happens, for example, when a vector
is accessed and the vector is larger than the cache size.
In such a case, the vector removes itself from the cache.
This situation is even worse when the cache size and the
vector length are not co-prime, because then not all cache
blocks are used to store the vector. This mechanism, how-
ever, does not detect cross-interference, i.e., when data is
replaced by data referenced by a different load instruction.

Johnson et al. [7] try not to evict a block if it is more
heavily used than the arriving block that generated a miss.
To do so they divide the memory into regions calledmac-
roblocksand employ a table called theMemory Address
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Table (MAT) that contains information about how often
each macroblock is used. If the MAT indicates that the
block to be replaced is more heavily used than the arriving
block, the arriving block is not stored in the cache. The
MAT behaves like a cache, and it appears that it must be
rather large in order to be effective. In the future we intend
to compare the performance attained by the MAT with that
of the BCC and SCC caches.

There are also static (compiler) approaches aimed at re-
ducing conflict misses. For example, Catthoor et al. [2]
analyze the lifetimes of array variables. Arrays that are
life simultaneously are placed in memory in such a way
that they cannot conflict in the cache.

III. C ONFLICT DETECTING CACHE STRUCTURES

Conflict misses occur when multiple data elements are
stored to the same cache line, while they have different
tags. In direct-mapped caches, the stored cache line is re-
placed by the one that is fetched from memory.

Assume two instructions that operate concurrently on
different parts of the memory. For a direct-mapped cache,
it is very well possible that parts of the first region are
mapped onto the same cache lines as different parts of
the second region. This is especially true for when the
cache is small and the data sets large. In a worst case
scenario, these instructions will constantly replace cache
lines that were recently filled by the other instruction. This
‘round-robin’ use of cache lines will increase the amount
of produced traffic to a maximum and reduce the number
of cache hits to a minimum.

To resolve this inefficiency in direct-mapped caches, we
propose a small additional structure, called theConflict
Detection Table(CDT), depicted in Figure1. The prin-
ciple of the CDT is based on the fact that if an instruction
makes multiple references to the same line in the cache, we
expect a cache-hit on the second and further accesses to the
same line by this instruction. If then a hit is expected, and
the cache produces a miss, it is clear that the cache line
was recently used by an different instruction.

The CDT is used to store instruction addresses and the
most recently accessed data address that was requested by
the corresponding load/store instruction. Since the CDT is
in fact a cache itself, it may be configured direct-mapped,
fully-associative, or anything in between.

On every memory access the CDT is searched for the
address of the current instruction, and an entry is allocated
if it is not found. If the instruction address is found in this
table, the data address in the corresponding entry of this
table is updated and compared to the data address that is
currently requested, to detect if these are contained in the
same cache line. If this is the case, we expect the currently

referenced data to be already available in the cache, since
it has been fetched last time this instruction was executed.
From this, it follows that if a cache miss is encountered,
the requested data item has been replaced by another in-
struction. At this point, a conflict is detected.

The detection of a conflict can only happen on a cache-
miss. The information about possible conflicts, therefore,
does not have to be available until after the tag comparison
in the cache. This implies that the cycle time of the cache
will not be increased by use of the CDT. Since the amount
of required logic to implement this is fairly low, it will also
not consume much power.

Whenever a conflict is detected, it is not known in ad-
vance which instruction will be the first to use the cache
line again in the future. Therefore, for reduction of the
miss-rate, it is not certain what will be most efficient, For
the reduction of the amount of traffic, however, it is al-
ways efficient to fetch a smaller number of bytes, instead
of a whole cache line. Traffic can therefore be reduced if
only the requested word is fetched when a conflict is de-
tected. When this word is fetched from the memory, it can
either be placed in the cache or it canbypassthe cache
completely. In the first case, the cache employssub-block
caching. In the second one, the cache employsbypassing.

In the next section we will verify experimentally if traf-
fic can be reduced by employing the conflict detecting
technique, as explained above. Also, miss-rates for caches
that employ this technique will be examined, because pos-
sible increase in delay must not be neglected.

IV. EXPERIMENTAL VALIDATION

In the previous section, we proposed theConflict Detec-
tion Table, which can be used to detect conflicts between
different load/store instructions. Using this table, we can
define caches that dynamically adjust the policy of caching
if a conflict is detected.

The first cache we propose is called theBypass in Case
of Conflict (BCC) cache. This is a direct-mapped cache
that has the ability to have memory accesses bypass the
cache structure. If it is detected that the cache line has
been replaced by another instruction, the cache will choose
to bypass all further references by this instruction, as long
as they are to the same cache line.

The second cache is called theSub-block in Case of
Conflict (SCC) cache. This cache is a direct-mapped one
that employs sub-block caching. If a conflict is detected,
this cache will only fetch and store part of the cache line.
The parts of the cache line that were not fetched are then
invalidated. In this case, we have chosen for a sub-block
size equal to the size of a word.
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Fig. 1
CONFLICT DETECTION TABLE (CDT)

A. Benchmarks & Tools

We have benchmarked caches of sizes from 256 bytes
to 128 kilobytes. For these benchmarks we have used the
MediaBench[9] benchmarking suite, which consists of a
number of audio and video codecs as well as encryption
and decryption routines. These benchmarks are more rep-
resentative of modern embedded applications than tradi-
tional suites like, for example, SPEC92 and SPEC95. The
MiBench[6] benchmarking suite, which is aimed at em-
bedded systems, was not available at the time. Also,Me-
diaBenchandMiBenchshare a number of common bench-
marks.

A modified version of sim-safe from the Sim-
pleScalartoolset was used to generate traces of the mem-
ory access. These traces were fed to our cache simulator,
which generates statistics of occurred events. From this
data, the number of transferred bytes can be computed, as
well as the miss-rate.

All caches have a line size of 32 bytes, are direct-
mapped, and employ a write-back policy. For theConflict
Detection Table, we have used a direct-mapped structure
with 128 entries.

B. Results

TablesI and II list the results of experiments with the
BCC cache and the SCC cache respectively. In these ta-
bles, we have compiled the relative reductions in amount
of produced traffic by a cache, compared to a conventional
direct-mapped cache with 32-byte cache lines.

From these tables, it is clear that, by using theConflict
Detection Table, the amount of traffic can be significantly
reduced in many cases. Especially for small caches, a re-

duction in traffic of over 50% can be achieved by both the
BCC and the SCC caches.

The effect of this conflict detection technique is clearly
very dependent on the type and amount of locality that
is exhibited by an application. For benchmarks like
pegwit-dec andpegwit-enc , use of the conflict de-
tection methods does not change the amount of produced
traffic significantly. For the majority of benchmarks, how-
ever, the difference in produced traffic, compared to a
direct-mapped cache, is significant.

For larger capacities, fewer benchmarks seem to bene-
fit from this technique. In some cases, most notably for
the mpeg2-dec benchmark using the BCC cache of 16
kilobytes, the amount of produced traffic increases signifi-
cantly. For the BCC cache, this increase in traffic can reach
up to 75%. For the SCC cache this maximum increase is
far less, at 11%.

Overall, it can be concluded that, in the majority of
cases, the amount of traffic produced by a cache can be re-
duced significantly by use of the conflict detection mecha-
nism described earlier. Although the BCC cache produces
the least amount of traffic for some combinations of bench-
marks and sizes, this cache is less preferable than the SCC
cache, since it has also shown to increase traffic signifi-
cantly in some cases.

In order to show how the use of these techniques influ-
ences the cache miss-rate, we have measured how many
additional cache misses are generated by these caches.
From this, we then subtract the number of misses gener-
ated by the conventional direct-mapped cache, and divide
the result by the total amount of memory accesses to ren-
der the increase in miss-rate. This increase in miss-rate can
also be found by simply subtracting conventional cache’s
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Benchmark 256B 512B 1kB 2kB 4kB 8kB 16kB 32kB

adpcm-dec 66 65 56 50 67 54 -11 -11
adpcm-enc 73 68 60 40 64 41 0 0
jpeg-dec 60 57 51 50 31 7 9 -4
jpeg-enc 63 64 63 54 50 10 -5 -8
mpeg2-dec 19 27 21 16 38 34 -75 -17
g721-dec -13 -23 -3 -10 -14 -26 -2 -3
g721-enc 10 9 13 12 0 64 75 75
pegwit-dec 4 0 -1 -1 -1 0 0 0
pegwit-enc 5 0 -1 -2 -2 -1 -1 0
gsm-dec 52 47 49 9 16 28 -7 -8
gsm-enc 28 25 17 14 1 0 -3 -4
epic 32 19 12 8 8 23 8 1
unepic 34 33 31 28 22 24 24 25

TABLE I
PERCENTAGES REDUCTION IN TRAFFIC BY USING THEBCC CACHE.

Benchmark 256B 512B 1kB 2kB 4kB 8kB 16kB 32kB

adpcm-dec 64 62 53 43 58 26 -11 -11
adpcm-enc 72 67 58 39 63 19 0 0
jpeg-dec 58 54 48 45 28 7 9 -6
jpeg-enc 58 58 58 51 50 11 -5 -8
mpeg2-dec 23 34 29 24 69 66 37 5
g721-dec 9 8 -2 -7 -11 12 -2 -3
g721-enc 23 28 36 28 22 55 50 50
pegwit-dec 5 2 2 1 2 2 2 1
pegwit-enc 6 3 2 1 1 1 1 1
gsm-dec 50 43 45 10 20 25 -6 -8
gsm-enc 33 27 16 15 5 0 -3 -4
epic 29 19 12 9 10 35 24 15
unepic 29 29 27 25 21 22 23 23

TABLE II
PERCENTAGES REDUCTION IN TRAFFIC BY USING THESCCCACHE.

miss-rate from the new one.

In these tables, many fields contain a zero value. In these
cases, the number of additional misses generated my either
the BCC or the SCC cache is less than a half percent of the
total number of memory references. A negative value in
these tables indicates that the conflict detection mechanism
was able to reduce the amount of misses is in the cache.

For some benchmarks, the BCC cache can cause up to
22% of additional misses in very small caches. For larger
caches, the difference in miss-rates is only significant in
few cases. Using the SCC cache, we found a maximum of
7% of additional misses in very small caches. For larger

caches, we found hardly any significant difference in miss-
rate. Overall, the SCC cache was found to increase the
miss-rate as often as it would decreases this number.

From this, we can conclude that use of theConflict De-
tection Tableonly increases the number of cache misses
slightly in case of the BCC cache. With the SCC cache,
the number of misses might as well be less, as it might be
more than the conventional direct-mapped cache. In either
case, the difference in miss-rate is be small.
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Benchmark 256B 512B 1kB 2kB 4kB 8kB 16kB 32kB

adpcm-dec -4 -1 0 0 0 0 0 0
adpcm-enc -2 -1 0 0 0 0 0 0
jpeg-dec -4 -3 -3 -4 0 0 0 0
jpeg-enc -3 -4 -5 -3 -2 1 0 0
mpeg2-dec 22 20 16 12 9 7 6 0
g721-dec 22 22 1 1 1 0 0 0
g721-enc 22 22 1 1 0 0 0 0
pegwit-dec 13 11 7 5 3 2 1 0
pegwit-enc 16 12 9 6 3 2 1 1
gsm-dec -2 -1 -1 0 0 0 0 0
gsm-enc 4 1 0 0 0 0 0 0
epic 1 5 6 6 5 4 4 3
unepic 12 8 6 2 0 -1 -1 -1

TABLE III
ADDITIONAL CACHE-MISSES IN PERCENTAGES, CAUSED BY BYPASSING IN THEBCC CACHE.

Benchmark 256B 512B 1kB 2kB 4kB 8kB 16kB 32kB

adpcm-dec -9 -5 -3 0 0 0 0 0
adpcm-enc -10 -5 -3 0 0 0 0 0
jpeg-dec -6 -3 -1 0 -1 0 0 0
jpeg-enc -2 -1 -2 -1 -5 0 0 0
mpeg2-dec 0 -3 -1 -2 -2 -2 0 0
g721-dec 4 5 1 1 1 0 0 0
g721-enc 5 5 0 0 0 0 0 0
pegwit-dec 6 4 3 1 1 0 0 0
pegwit-enc 7 5 3 2 1 1 0 0
gsm-dec -2 -1 -1 0 0 0 0 0
gsm-enc -1 0 0 0 0 0 0 0
epic -1 0 0 0 0 -1 0 0
unepic 8 5 5 3 0 0 0 0

TABLE IV
ADDITIONAL CACHE-MISSES IN PERCENTAGES, CAUSED BY FETCHING SUB-BLOCKS IN THE SCCCACHE.

V. CONCLUSIONS

We have proposed a technique which can detect and
is sometimes able to resolve recurring conflict misses in
caches. The proposed technique employs a small struc-
ture called theConflict Detection Table(CDT). This con-
flict detection mechanism does not require much logic and
does not increase the cycle time. Therefore, it can easily
be applied to on-chip caches that lack associativity.

We proposed two caches that employ theConflict De-
tection Table: theBypass in Case of Conflict(BCC) cache
and theSub-block in Case of Conflict(SCC) cache. Ex-

periments with these caches showed that the amount of
off-chip traffic can be reduced significantly by using the
CDT.

With the BCC cache, the amount of produced traffic can
be reduced significantly, compared to conventional direct-
mapped caches. However, it was also shown that this cache
can increase the amount of traffic as well, in some cases.
Furthermore, the miss-rate can suffer badly from ineffi-
ciently bypassing of the cache.

The SCC cache also showed to significantly decrease
the amount of produced traffic for in most cases. Only in
few cases, the SCC produced more traffic than a conven-
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tional direct-mapped cache. Furthermore, these increases
are not as significant as the commonly found reductions.
For the SCC cache, the miss-rate was never found to be
significantly different from that of a conventional direct-
mapped cache, and could as well go down as it could go
up.

We conclude that use of theConflict Detection Table
to fetch sub-block into the cache, instead of whole cache
lines, can significantly reduce the amount of produced traf-
fic, and hence also the amount of power consumption. In
general, use of the SCC reduces the amount of traffic and
therefore also power consumption, without loss of perfor-
mance.
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