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Abstract

The efficiency of the cache mapping technique depends on how the cache lines are
organized and the way that is used to look for and hit the target cache line. This paper
presents Distributive Comparison Approach (DCA) that significantly minimizes the hit
time and improve cache hit ratio. The efficient of DCA is based on how the cache lines are
compared and picked up the coveted one leading to a low cache hit ratio. In DCA, the
cache line is assigned by multi tags where each individual tag is only one character. Then,
instead of one line tag of complete characters per a comparison cycle, the comparator is
flushed by multi tags of different lines in the cache. Also the cache lines that are come
from the main memory classified into two groups; even and odd line's tags to reject the
unwanted lines form the multi-tag comparison. These two procedures practically speed up
the repelling of misfit tagged lines and consequently the hitting of the target line in the
cache. Simulation results show that the DCA outperforms well-known mapping techniques
including FAMT and SMT.

Keyword: Cache memory, Memory hierarchy, Cache hit ratio, Two-level memory, Cache
mapping.

1. Introduction

The growing gap between processor speeds and memory speeds is resulting in increasingly
expensive cache misses, underscoring the need for sophisticated cache hierarchy
techniques. The well organized cache hierarchy improves the cache hit ratio and minimizes
cache misses. In the meanwhile, the increased demand for the higher transfer data rates
between subsystems in most of today multimedia applications is achieved through the
utilization of cache memory as a fast data bus/buffer between communication entities. The
cache can improve performance of the computer system if the application software is
planned carefully for utilizing the cache [1, 2].

During data processing by computers huge amount of information is shuffled between the
memory and processor. The large amount of information needs a greater capacity memory
of a smaller cost per bit and a lower average access time. Intuitively, the principle of
capacity makes sense. A small-capacity memory requires a lower access time. Obviously, it
is easier and faster to look for a location in 1 Kbyte memory than in 1Mbytes memory. The
high access time and low cost per unit are required for a computer memory. The speed of a
memory depends on its ability to keep up with the processor. For efficient data transfer and
a lower data access time, the main computer memory (usually large and slow) is
supplemented by a small and a high speed memory called cache [3]. It is the faster memory
available due to its high technology fabrication and its small size. The upper-level memory
or cache is used as a temporary storage of data chunks shuffled between the lower-level
memory and the processor. For a computer system of memory hierarchy of two levels or
more, the system first copies the data needed by the processor from lower-level memory
into cache and then from the cache into the local memory of the processor. Comparatively,
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the upper-level memory of a lower capacity has a lower access time compared to the lower-
level memory of large capacity [4]. In order to run different applications on embedded
systems efficiently the memory subsystem needs to be optimized [5, 6].

Employing the memory hierarchy, the average access time is increased and the number of
accesses to that memory is decreased as the memory goes far from the processor.
Therefore, it is necessary to organize the data such that the percentage of accesses to cache
is more than the main memory. When a memory reference is addressed, a first trial is made
to find the word in the cache. If this attempt succeeds a quick access is obtained, otherwise,
the particular block of references is copied from the lower-level memory into cache and the
processor will access the memory words via the cache.

The cache helps in organizing the movement of data transfer between main memory and
processor registers to improve the performance. Data transferred from lower-level memory
to the cache is held in terms of block-sized units [7]. This transfer process is similar to the
process of column to row transposition of the word locations. The size of low-level
memory is larger compared to the cache size, therefore, the cache lines cannot be uniquely
and constantly pointed to a particular block [8]. Obviously during the execution of a
program, one of the blocks of data has to be removed from the cache to allow a new block
to fetch from the main memory. Many mapping algorithms had been proposed to map the
blocks of low-level memory into cache lines. All these techniques have tried to attain a low
cache hit time, a low cache miss ratio and no cache conflicts leading to improved cache
access efficiency [9, 10, 11]. An even or odd technique is proposed by [12] to improve the
cache performance. In this technique, the line's tags are passed through one-bit comparator
to speed up the rejection of the cache lines of opposite least significant bit to the target
cache line. This technique is useful if the current values of the line's tags come equally
between the even values and odd values. But there is no improvement in the cache hit ratio
if all or more of the current values of the line's tags in the cache are coming in even or odd
order and the cache line that is looking for is also in even or odd order.

In this paper, an efficient technique is proposed to improve the cache hit time. The
proposed DCA divides the original tag of a cache line into multi tags; where each tag is
reduced to one character. Therefore, instead of feeding the control logic by one line-tag of
complete C sub-tags to complete one comparison per a time, the proposed technique can
fetch the control logic circuit by C line's sub-tags to execute C comparisons per a time. The
proposed alteration does not need to wait for a complete comparison of a line tag, and can
repel many lines per a comparison that their tags do not match. Thus the time required to
reach the target line is minimized and consequently the cache hit time is improved.
Simulation results for the proposed DCA scheme and FAMT and SMT schemes at different
cache sizes are presented later in the paper. These results show that DCA algorithm
outperforms FAMT and SMT offering significant reduction in cache hit time.

The paper is organized as follows: Section 2 introduces the average access time for
assigning of a word in the cache. In Section 3, we introduce some fundamentals of cache
organization. In Section 4, the well-known cache mapping techniques are discussed in
detail. The proposed technique to improve the cache hit time is presented in Section 5.
Section 6 presents the simulation results and shows the performance of the proposed
technique against the well-known schemes. Finally, Section 7 provides conclusions and
work summary.

2. Average Access Time

From conjectural point of view, the principle of locality for items of data makes sense.
According to the principle of locality, there are number of accesses to items in the block
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that is brought into cache, leading to faster overall access time. The fraction of all memory
accesses in the cache is the cache hit ratio. The fraction of the total number of blocks that
are missed in the cache and need to access main memory is the miss ratio. Higher hit-rates
provide a high cache performance. For two memory levels, the average access time is
determined in terms of cache hit and cache miss ratios and access times for cache and main
memory [13]. It is given by:

T =HxT + Mx(T,+T,) (1)

av

Where;

T,y: average access time of a memory word.

H: cache hit ratio.

M: cache miss ratio, (M= 1-H).

T, and T,: cache access time and main memory access time, respectively.

Equation (1) ignores the time required by the cache control logic to determine if the word is
in the cache or not. It may be rewritten as below:

T =HxT + (I-H)(T,+T,) (2)

av

T :TC + (1-H)T, , so;

a

T =T +MT, 3)

av

3. Well-Known Cache Mapping Techniques

The power of the cache mapping technique depends on how the cache lines are arranged in
the cache and how dynamically the cache lines are tracked for a high opportunity of line
hitting and then a low hit time.

To highlight the performance of the proposed technique, a comparison is made with the
fully associative mapping technique and the set-associative mapping of K-line. In
subsection below, the fully associative mapping technique and set-associative mapping
technique are discussed in more detail.

3.1. Fully Associative Mapping Technique (FAMT)

The direct mapping technique gives a fixed cache line value for each block of the main
memory, but with different tags [14, 15]. The disadvantage of this technique is manifested
in the replacement of a cache line that still contains data needed shortly afterwards The
Fully Associative Mapping Technique (FAMT) overcomes the potential disadvantage of
line hit accompanied with the direct mapping, by allowing each block in the main memory
to be located into any line in the cache. In other words, there is elasticity as to which cache
line to swap when a new data has to be loaded from main memory, and thus the hit ratio in
the cache will be high. The FAMT solves the problem by considering the main memory
address completely as tag field instead of a tag and line field [16]. The “r” bits of the line
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field and “r” bits of the tag field are reduced into one field called tag field, as shown in

Figure.1.
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Figure 1 The Fully Associative Mapping Technique (FAMT).

3.2. Set-Associative Mapping Technique (SMT)

The set associative mapping technique (SMT) allows a limited number of blocks, with the
same index and different tags, to be in the cache. Therefore SMT can be considered as a
compromise between fully associative and direct mapping schemes. SMT divides the cache
into many associative mapped caches, each of which is called a set [17, 18]. Each set
consists of K-line to be referred as “K-way set associative mapping”. Responding to an
incoming address, the cache control logic first determines which set has to be involved,
then inside the selected set the associative mapping is implemented to appoint the line that
is looking for in the cache, as shown in Figure.2. For a single set, the set associative
mapping is reduced to fully associative mapping and the control logic compares the K-tags
for each line and does not need to index the set number. For a single line per set, the set
associative mapping is reduced to direct mapping and the cache control logic needs to
index the corresponding cache line for a comparison. The set associative mapping
technique reduces the number of comparisons and the bit size of the line-tags in each set
but it increases the time required for indexing the cache sets.
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Figure 2 The Set-Associative Mapping Technique (SMT).

4. Multi-Tag Technique (MTT)

When a block of data needs to be read from its assigned line in the cache, it is necessary to
brand its data to be discriminated from other data. The tag-comparator in the cache control
logic carries out this work. The tag-comparator plays a crucial role in cache hit time, and
thus in cache hit ratio. Instead of feeding the control logic by one line-tag per comparison
as in the FAMT, multi sub-tags of many lines are flushed to the control logic by the
proposed MTT. In this case, there are always C sub-tags comparisons rather than just one
tag comparison per a time. The control logic receives C sub-tags from different cache lines
and compares them simultaneously. These C sub-tags are coming from different lines of
the same order (n). By comparing C sub-tags with the corresponding character (Y,) of the
main memory address, the line of a misfit sub-tag will be discarded directly and does not
need to compare the rest of its multiple sub-tags. The number of sub-tags that are discarded
from the current comparison is compensated by new sub-tags from the cache in the next
cycle of comparison. The line-tag that has full C matches of comparison is the one that is
looking for. The MTT increases the number of sub-tags per one comparison, leading to a
short time for the line hitting and then a high cache hit ratio is achieved. The subsections
below present the detail of the MTT algorithm.

4.1. MTT Algorithm
The number of lines in the cache is assumed 'D-lines', each line tag is distinguished by a 'C

sub-tags'. The length of each sub-tag (X,n) is four-bit number. The tag-order in the cache is
assumed 'm' and the sub-tag order in the tag is 'n'. The comparator of C length in the control



UNDER PEER REVI EW

logic is feeding from cache by a cache word of C length. This cache word has the same
sub-tag order for all different lines, as shown in Figure.3. The cache word is compared with
the corresponding sub-tag in the main memory address. The “m” in X,y is varied for all
characters in the cache-word array. It can be any tag number in the cache, depending on
how many tags are discarded from the current comparison and what their orders are.

Continue in looping until

Characters of a memory address

r Memory address word, Length= C sub-tags !
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4.2. MTT Algorithm Sequence
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on how many tags are discarded from the comparator
and what their orders are.

Figure 3 The Multi- Tag Technique (MTT).

The algorithm sequence used by MTT for low tag hitting ratio is shown in Figure.4. It

consists of the following steps:

» Step.l Start to feed the cache control logic by the cache word. It consists of the
Least Significant Sub-tags (LSSs) of the first C tags in the cache (Xim, Xim, Xim - - -
until C length). This cache word is compared with the main memory address word.
The memory address word is a C repeated of the LSSs of the main memory address.

b+ Step.2 If there is a match between the memory word sub-tag and any cache line
sub-tag, keep this line for next cycle of comparison.

B Step.3 If there is a misfit for any sub-tag, discard its line and feed the cache word
with a sub-tag of a new line. The sub-tag order of the new line must be the same
order of the current sub-tag in the cache word.

Continue in comparison and discard any line of a misfit sub-tag. The one that is reaching

the C continuous matches is the cache line that is being sought and the comparison has to

be

stopped.
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Figure 4 Algorithm Sequence Applied by MTT for a Low Hit Ratio in the Cache.

4.3. Even-or-Odd Division Technique (EODT)

Obviously, the address of a corresponding line in the cache is tagged by an even value or
odd value. This truth simplifies and speeds up the rejection lines of opposite Least
Significant Bit (LSB) to the cache line value that is looking for. Therefore, one bit
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comparison stage is added before the MTT comparison stage, to improve the cache hit
ratio. The EODT works effectively if the current values of the cache line's tags of opposite
LSB to the one that is looking for are coming more or equally. But EODT gives a worse hit
ratio if all or more of the current values of the line's tags in the cache are coming in even or
odd order and the cache line that is looking for is also in even or odd order.

4.4. Distributive Comparison Approach (DCA)

The use of EODT makes direct and quick rejection for the misfit LSB cache lines from the
cache control logic, as mentioned in Sec 4.3.

Instead of feeding the control logic by one line-tag per comparison as in the traditional
methods, multi sub-tags of many lines are flushed to the control logic by the proposed
MTT. In this case, there are always C sub-tags comparisons rather than just one tag
comparison per a time, leading to a short time for the line hitting and then a high cache hit
ratio is achieved. The using of MTT speeds up the number of discarded lines of misfit tags
from the cache control logic, as mentioned in Sec 4.

The goal of this work is to minimize the cache memory hit time which affects significantly
the overall performance of system. Employing MTT and EODT, a Distributive Comparison
Approach (DCA) is achieved for an optimum cache hit ratio as we will see in the
simulation results.

5. Results and Discussions

The counted time taken by the cache control logic to compare the main memory tag with
the cache line tags in order to hit the target line in the cache is the tag hit time. The
performance of the proposed DCA is benchmarked against that of FAMT, SMT and EODT
for two different cache sizes. Two main memories of 4 Mbytes and 16 Mbytes along with
their corresponding cache memories of 16 K-line and 32 K-line are used to evaluate the
performance of the different techniques mentioned previously, for cache hit ratio. A java
code was developed to run the simulation. The blocks are fed from the main memory into
the cache and their lines located randomly in the cache. The lines that are looking for a
hitting are also selected randomly by the java program. Figure.5 shows the hit time that was
spent for hitting a line in cache for the well-known technique FAMT and our proposed
MTT technique. The main memory size is taken 4 Mbytes and its cache is 16 K-line. The
cache lines are located in random tags; and twenty line tags are generated randomly for
simulation. The power of the proposed MTT technique is appeared clearly as it is given by
the very low time to hit a tagged line of data in the cache. The average time that is taken for
hitting the twenty line tags in the cache is 12.92170 us by FAMT and 2.3795 us by MTT.
For system clock of 5 MHz, the number of machine cycles taken by MTT for the tag
matching are 12 whereas by FAMT are 64. An improvement of 81.58% in average hit time
is attained by MT. Figure.6 shows the hit time spent by the FAMT and MTT to read a
tagged line in 32 K-line cache which is loaded from a 16 Mbytes main memory. It is clear
that MTT overcome FAMT for reading a tagged line in the cache. This is due the efficient
performance of MTT by achieving 82.19% improvement in average hit time.

Figure.7 shows the performance of FAMT, EODT and MTT for hitting a line in the 32 K-
line cache. It is clear that MTT outperforms FAMT and EODT due to its quick rejection of
misfit cache lines to reach the target line. The simultaneous employing of both MTT and
EODT establishes the DCA which is provided an optimum cache hit ratio as shown in
Figure.8. Figure.9 shows the time taken by the well known mapping technique FAMT and
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the proposed DCA. It is shown that a high performance is achieved with DCA due to its
high response of rejection of non-conforming tags from the control logic. This high
performance is achieved by employing both MTT and EODT simultaneously to establish
the DCA technique. For 4-line per a set of 32 K-line cache memory, the performances of
SMT and the proposed DCA techniques are shown in Figure.10. The DCA has produced a
lower cache hit time compared to SMT. The average time that is taken for hitting a tag in
the cache is 3.75 ns by SMT and 1.0275ns by DCA. It is clear that there is an improvement

of 72.60% in average hit time attained by DCA.

The results conclude that the DCA has showed a high performance for cache hit ratio

compared to the well-known techniques: FAMT, SMT and EODT.
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Figure 5 Hit Times for Reading a Line in 16 K-Line Cache. Main Memory Size is 4Mbytes.
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Figure 6 Hit Times for Reading a line in 32 K-Line Cache. Main Memory Size is 16Mbytes.
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Figure 7 Hit Times for Reading a Line in 32 K-Line Cache taken by FAMT, EODT and MTT.

Main Memory Size is 16Mbytes.
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Figure 8 The Simultaneous Employing of Both MTT and EODT to Establish DCA for Reading a

Line in 16 K-Line Cache. Main Memory Size is 4Mbytes.
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Figure 9 Hit Times for Reading a line in 32 K-Line Cache spent by FAM and DCA for Reading a

Line in 32 K-Line Cache. Main Memory Size is 16Mbytes.
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Figure 10 Hit Times for Reading a Line in 32 K-Line Cache. Main Memory Size is 16Mbytes.

6. Conclusions

In this paper, the proposed technique makes an individual character comparison for many
cache line-tags simultaneously in the way to reject any line-tag that its character does not
match. The performance of the DCA to improve the cache hit ratio, and consequently
improve the overall system speed is benchmarked against that of FAMT and SMT
schemes. The simulation results for two different cache sizes clearly depict a significant
improvement in average hit time of 81.58% and 64.46% against FAMT and SMT

respectively.
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