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ABSTRACT

As size of integrated circuits shrink, power gets to be one of the restricting elements in outline of
advanced processors. Cache is one of the major power consumption component in the processor. The
utilization of cache memory makes the handling to be quicker. The memory gadgets can be gotten to be
quicker by the registers and cache which are situated close to CPU. Cache which is to be quicker is taken
furthermore with less miss rate and can be thought to be more power proficient. On-chip reserves which are of
huge size are utilized as a part of request to conquer cache miss are progressively utilized by the present day
processors. Increasing the cache hit rate improve the cache power. Latest patterns of CMOS innovation scaling
and across the board utilization of multicore processors have significantly expanded the power utilization of
fundamental memory. Therefore, cache power utilization plays a major role in the current processor plan. The
static and dynamic power utilization will prompt the aggregate power utilization. The power utilization of cache
becomes very paramount. This paper introduces an audit on various cache system techniques and memory
advancement parameters to achieve low power methods for low power cache memory.
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INTRODUCTION

Today’s PC has a little measure of rapid memory called Cache memory, where information from
memory areas that are utilized in many instances as often as possible may not be stored forever. This small
sized cache is put close to a substantial measured main memory. Cache memory is proposed to give memory
speed approaching that of the speediest memories that are utilized and at the same time period. There is
correspondingly main memory which is huge yet lagging in speed but cache is shorter but speeder than main
memory. The cache memory contains a duplicate of instructions from main memory. The processor when it
needs to perform read or write operation in the main memory areas, it first checks whether the cache memory
contains the required information .If the data is present there, the processor will perform read or write
promptly to the cache, which are much shorter and quicker than main memory. The utilization of two levels of
memory to diminish normal access time works on a basic level, amid the course of execution of a program. A
logical cache is otherwise called a virtual memory in which virtual locations are utilized to cache the
information required. The processor gets to the cache specifically, without experiencing the MMU. A physical
memory caches information utilizing primary memory physical locations. The most critical preferred standpoint
of putting information on cache, when contrasted with RAM is that it has hypersonic retrieval times.

The design parameters of cache memory mainly depend upon the cache hit and cache miss. In cache
hit, the specific data that is needed by the processor is noticed to be in the main memory, else cache miss.
There are three important mapping techniques. In a direct mapped map, every block has one and only place
that it can be fit in. In this way, when the CPU needs a specific instruction or information from the main
memory, it can first verify whether the data is present in cache memory. The required amount of memory can
likewise be brought from the lower level of memory in the event that it is not there in the cache memory.
Along these lines direct mapping is utilized to get to the information at a faster rate. In fully associative
mapping, the block can be put at any place in cache since there are no limitations as to where it must be set. At
the point when the CPU needs a specific memory obstruct, the cache must be checked for every block that
dwells in it , to figure out whether the required data is available in the cache. A block is just removed from a
completely acquainted memory if the cache is full. In set associative mapping, certain arrangements of spots
are dispensed for every memory block. A set comprises of a gathering of two or more blocks in the memory.
This strategy for set associative mapping consolidates any resemblance of both direct mapped and associative
mapping in that the block is specifically mapped to a set and afterward is completely cooperative inside that
set. Keeping the goal to decide the set that the block ought to be set in, the block outline location is isolated
(modulo) by the quantity of sets that are in the cache memory blocks. Altering parameters prompts enhancing
of cache power.

REVIEW OF DIFFERENT TECHNIQUES TO REDUCE CACHE POWER

In this paper, we have reviewed different technique to manage cache power utilization. In recent
trends, power is the major factor to design an electronics model and good battery support equipment is
needed. Hence we evaluate and compare different technique to improve energy delay, power utilization and
reducing leakage power.

In paper [1] Refreshing On—Chip Embedded DRAM technique is used to reduce the leakage of DRAM.
As many cores use dynamic power dependability, static power use transforms into a critical concern. A feasible
way to deal with this issue is low leakage power development, for instance, eDRAM is introduced [11]. In
which eDRAM is used as low leakage technology which is efficient to degrade the static power consumption in
on-chip multi-processor [12].

In Refrint Architecture, the main idea of the eDRAM is to consider the cache level which are L1 and
L2.The lines which are not being used utilized but even it is getting refreshed, thus it is termed as cold lines.
The lines which are being effectively utilized will get refreshed are termed as hot lines .For the cold lines,
"information based" strategies are utilized to recognize renewed cache lines. The time-based part chooses
when to revive, and the data based part chooses what to renew. Time based arrangement is utilized as a part
of hot lines. They improve over an unsuspecting discontinuous arrangement of periodic missing lines. We don't
consider line reuse indicators or correspondingly expand equipment structures. To invigorate and spare the
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power we are utilizing the refrint innovation. As the result of this architecture, we can improve the reduction
of leakage of DRAM.

In paper [2] architecture-level modelling for SRAM Using CACTI- P is used for the advanced leakage
power reduction. In which Coordinated Power, region, and timing demonstrating system for SRAM-based
structures with leakage power decrease systems is executed by CACTI-P. It empowers in depth investigation of
design level trade-offs for cutting edge leakage power administration first engineering level plans. The power
gating and Hi k metal gate are the two approaches which helps the cacti p to support the leakage reduction
technique. The power scaling can be done with nanosecond according to the different levels of hierarchy in
cache memory. This impacts on the energy being used by the L1 and performance of the processor. Cacti [13]
was the tool to determine the power, area and the timing estimation of RAM. The extension of the cacti is cacti
p which provide the in depth procedure of power management .It deals with the precise parameter like
wakeup latency. The device level power utilization can be done by this method. To scale down the effects of
leakage current in the supply voltage, we should merge the sleep transistor with power gating .Below the
retention voltage [14][15], SRAM cell will lose data. The sleep and shut down are the two states to model the
cacti p .The static noise margin is dependable by the retention voltage. The shutdown supply voltage gives zero
supply voltage and data which would be stored in the SRAM are vanished. Sleep state retains the information
of memory cell. In SRAM, both NMOS and PMOS are used as sleep transistor to enhance the design of cacti p
.The wake up latency and energy latency will be computed with power gating while cacti p accomplish the
sizing of sleep transistors. The chip power resource is one of the critical constraints while designing the SRAM
leakage power. To handle this difficulties cacti p is the most advanced architectural level technology.

In paper [3], For an efficient system reliability, DVFS (Dynamic Voltage Frequency Scaling) [16] is the
effective technique to optimize the basic perpetual parameters in VLSI design. This paved the way to design the
control schemes, circuit architectures for both system level and circuit level perspectives DVFS-based power
administration methods are basic for VLSI frameworks in embedded real systems [17].Although it is in the low
power mode , the information which is stored in the cells are maintained. It is convey best in class outlines that
core interest on the reconciliation of equipment programming co-outline systems, to interpret neighbourhood
and constant power and data onto the worldwide administration stage. It intensifies the power saving
management in VLS| system.

In paper [4] ,In the different mapping technique of cache, set associative cache consumes more than
the other technique. Conventionally it is done by two ways .One is sequential another is parallel. Phased cache
is introduced to reduce the power consumption .It has two phase, first it determine the tag parallel which is
being in the set .If the data get matched, then it will be fetched from the cache and the data should be
accessed. By utilizing phasedcache we can conquer all the parallel method.The comparing parameter will be
empowered in the same clock cycle and the information will be accessible in the information transport. The
use of phasedcache will diminish the power utilization by abstain from getting to the undesirable data
subarrays.

In paper [5], drowsy region based caches technique is used to minimize the static and dynamic power
dissipation. Power utilization inside the memory packing order develops in significance as on-chip information
possesses progressively more beyond words. Among power utilization, flat dividing diminishes power per
information access by utilizing various smaller structures or utilizing cache sub blocks. Regarding static power
dissipation, leakage power might be tended to be at both circuit and building levels. Sleep memory diminishes
leakage power by keeping dormant lines in a low-control mode. They powerfully move L1 information cache
lines into sleepy mode, preventing them from always leakage vitality at a high rate. With a proper redesign
interim, a sleep stack cache permits its lines to stay in dynamicmode in length, and afterward places them into
sleepy mode once the time of high movement has been finished. The outcome is a noteworthy diminishment in
speed utilization. Here we consolidate sleep and locale based storing to decrease general memory power
utilization, demonstrating that the blend yields a greater number of advantages than either alone. Locale based
storing and drowsy memory procedure is utilized for decreasing the memory framework power than routine
method.

In paper [6], reducing leakage power is one of the major concern in the on-chip caches. Using cold
caches and drowsy mode, we can exploit the leakage power of large caches. Hence large caches provide the
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high performance with the significant increase in the consumption of power. To reduce the static power
utilization in cache, gate vdd technique [18] is used .Thus its switching speed between the powers are very fast
and the implantation of this method is very simple. The disadvantage over this method is that the data which is
present in the cache hierarchy will be lost. The memory hierarchy level2 which is present in the cache will be
reloaded and that impact have been reflected in performance .Drowsy cache is another method preserves the
data which is being in the cache line by keeping a cache line in a low power drowsy. Accordingly we can reduce
the leakage power using the drowsy mode.

In paper [7], In set associative cache, the low power consumption and performance enhancement
could be done by the way predicting technique .It shows that instead of collecting all the path which is present
in a set. Set associative uses parallelism to access the data faster that the direct mapped cache. The way-
predicting memory hypothetically picks one route before beginning the typical cache access procedure, and
after that gets to the anticipated path as appeared in the circuit block. In the event that the expectation is
right, the cache access has been finished effectively. Something else, the memory then deals the other
outstanding routes as in cache block. The phased cache which has low power set associate to deal with energy
issue .MRU (Most Recently Used) algorithm is used to solve the way prediction.[19] [20].By getting to just a
important memory path anticipated, rather than getting to all the courses in a set, the vitality utilization can be
lessened than ordinary set associative cache.

In paper [8], Auto-Back gate-Controlled Multi-Threshold CMOS approach is utilized for the leakage
power improvement. When the SRAM is in sleep mode, back gates are controlled by the auto backgate
controller. Variable threshold CMOS is an inadmissible leakage current that significantly increase the static
current. So we move on the multi threshold CMOS in which it controls the substrate when the circuit is in sleep
mode, it reduces the leakage current. Although when the transistor is in sleep mode, dissipates some energy in
the form of power. The leakage power backgate bias is automatically controlled by increasing the voltage of the
threshold. Thus it have the effect in the SRAM circuit. To reduce the power dissipation the scheme called
clamped and source bit line are introduced .Access time of static power was analysed and improved by this
technique.

In paper [9], Dynamic Cache sub-block Design is an approach is exploited to reduce the false sharing
issue. Parallel applications experience the ill effects of significant transport movement because of the exchange
of shared information. Substantial piece size abuse region and reduction consumes effective memory access
time. Even though a part of data is needed by any processor, we have the tendency to group data together
called false sharing. A block which is in the cache have the sharing behaviour and exhibits the value in the
variable manner. Coherence scheme depends on coherence protocol by referring the locality. Generally, it
depends on the block size to maintain the action of dynamic coherence.

In paper [10], To avoid cache mapping clash and performance could be done by asymmetric set
associative. In which generally, the all the sets are present in the cache should be symmetric. Thereafter, we
are using the asymmetrical set with different size. By adding one clock cycle of cache latency in asymmetric
caches evaluate the overall performance. By cache Therefore we set already set in ait reduces the miss rate
and enhance the power utilization.

Table 1: Comparison of Different Techniques to Improve Cache Memory Performance

Reference No Technique Used

Description

Performance Improvement

eDRAM with Refrint

It is low leakage technology which is

Power saving is done

1 aleorithm efficient to reduce the static power refreshing the lines with the
& consumption in multi core processor. help of hot and cold lines.
It is used to evaluate co-ordinated It provide entire parameter in
ower, area and time displayin depth with help of Nano
2 CACTI P power, ' praying P P

system and to scale down the

leakage power in architectural level.

scaling to improve the power
performance.
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Dynamic Voltage

The power conveyed to each useful
module is fluctuated ,in view of the

Dispensing with any slack

3 . quick Workload method supplies period guarantees
Frequency Scaling . .
ideal voltage furthermore augmented power saving.
,frequencies of operation
Parallel and sequential ways are .
. d . y Buffer enhances the sorting
. done consistently with addition to .
Phased Set Associative . . o ways to improve the data
4 that buffer is enabled in the similar .
Cache . access without the unwanted
clock cycle to avoid the unwanted .
. time frameworks.
data accessing.
Drowsy cache can decrease the static
ower increment, created by extra . .
P . . .y. Minimizing the static and
local cache, while the dividing .
Drowsy Cache and L dynamic power
5 ; methodology is utilized by area L .
Region Based Cache . . . dissipationleads to the high
storing which permits more powerful erformance computing path
drowsy interim and strategies to be P P &p
utilized
Cache lines are intermittently put into
6 Drowsy Cache low control mode can decrease the Reducing leakage power
static power utilization consumption
. In phased cache, MRU algorithm is .
Way Predicting Set P & - It enhances the ED item by
/ Associative Mappin used to solve the way prediction to low vitality utilization
PpIng diminish the power utilization. ¥
In CMOS configuration, the substrate By using the clamped and bit
3 Auto Back Gate of the backgate is controlled while line we can enhance the
Controlled MT-CMOS the circuit is in sleep mode to reduce performance of CMOS
the power dissipation. configuration.
Powerfully find the point of the block Enhance the action of
9 Dynamic Sub Block to share. Coherence protocol deals dynamic power present in
Scheme with the dynamic power dissipation. almost all the application.
Asvmmetric Set As it have been in various sizes, it It uses lower power
10 v brings about the distinctive access P

Associative

time and power characteristics

utilization

(1]
(2]

(3]
(4]

(5]
(6]
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CONCLUSION

Caches can be actualized in various ways, but yet the essential ideas driving the cache system stay
same. Improvement in power utilization in cache seems the best way to access high hit rate. Thus we can
design many low power circuits. The test in cache outline is to guarantee that the wanted information and
instructions are in the cache. The cache should accomplish a high hit proportion. The cache framework must be
rapidly searchable as it is compared and checked with each memory reference. In this manner, cache would
turn into an essential need to deal with power utilization to scale higher performance. Achieving low power
cache is the need of the hour, which is being analysed and identified.
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