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Abstract — Cache is which utilized by the CPU to diminish the normal memory access time (AMAT) from the principle 
memory. Just, it is utilized to upgrade the rate of the processor. Least use of power and vitality are the primary limitations to 
outline a Cache. Presently days, to make Processor all the speedier we are utilizing multi level caches or cache Hierarchies. 
The guideline of region of references makes these Hierarchies more effective. As of late, a few headways are seen with 
respect to Speed Latency, Energy Consumption, Various new outlines for multilevel caches and non uniform cache access 
(NUCA), Etc. In this Review Paper I checked on the diverse Cache memory advancement methods and assessed the 
execution and practicality of recent reserve patterns including Hybrid Cache memory. This paper displays an investigation of 
current contending processors as far as different components deciding execution and throughput of memory association and 
configuration. It talks about the upsides and downsides of developing cache models and plans. Principle thought is to expand 
the general throughput by lessening power utilization.    
 
Index Terms - Cache memory, Cache outline, Hybrid cache memory, cache execution, cache optimization trends, Non 
uniform cache access 
 
I. INTRODUCTION 
 
Caches are little quick recollections that store as of 
late utilized information near the processor (more 
often than not on-chip). As the memory divider has 
developed, the quantity of levels of store between 
fundamental memory and the processor has 
expanded. From 0 to 1 to 2 and now a few 
frameworks utilize 3 levels of reserves. The standard 
of area of references says that Levels near the 
processor are quick, littler in limit and costly in 
comparision to those far from it and caches is one of 
it and that is the reason it is costly and quick.  
There are a few headways are going ahead to make 
processor all the more quicker and productive. Cache 
recollections are utilized to keep information and 
directions from parts of memory that are presently 
gotten to by the procedure or near it. Cache Memories 
convey information at much speedier velocity to the 
processor when contrasted with the fundamental or 
Main memory. 
 
II. CACHE MEMORY 
 
It additionally called CPU memory is a Random 
access memory (RAM) that a chip can get to more 
rapidly than it can get to standard RAM. This 
memory is normally incorporated specifically with 
the CPU chip or put on a different chip that has a 
different transport interconnect with the CPU. How to 
design Cache Memory for first level cache order is 
itself an interesting and somehow complicated 
question. I will break the answer of this question into 
four different parts. First is Cache Organization in 
which there are several techniques to map the block 
into the cache by Fully associative mapping, Set 
associative mapping and Direct Mapping. But, direct 
mapping is proven to be the best out of this all. 

Second is Cache Access in which the block can be 
identified by matching a tag of a block address with 
Main memory address. Third is block replacement, 
Means which block should we replace when a miss 
occurs. For Direct mapping it is easy to replace a 
block but for fully associative and set associative we 
have several methods like Random replacement for 
large associativity, Least recently used for smaller 
associativity and first in first out and so forth. Be that 
as it may, LRU is a best strategy out of this. Lastly, 
for Write policy we have write through and write 
back. But, when a miss occurs we also have two 
strategies for write are write allocate and no write 
allocate. To improve the cache performance we 
should try to reduce the Miss rate, Miss Penalty and 
time to hit the cache. We can reduce the Miss rate via 
Larger Block Size, Higher Associativity, Pseudo 
associativity, compiler optimization etc. For reducing 
Miss Penalty we could do multilevel caching, Sub 
block placement, Giving read priority on write when 
miss etc. 
 
III. CACHE OUTLINE 
 
The processor has three Main units, to be particular, 
Instruction unit, execution unit, and capacity unit. 
Direction get bring and interpret is performed by the 
Instruction unit. The execution unit is responsible for 
savvy and number juggling operations and executing a 
rule. The capacity unit develops an interface through a 
brief store between the other two moreover be 
accessible in the limit units. Random access memory 
(RAM), and Translation Look-aside Buffer (TLB), An 
Address Space Identifier Table (ASIT), a Buffer 
Invalidation Address Stack (BIAS) are the important 
parts of capacity unit. 
 

 Translation Look aside Buffer (TLB) 
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An Translation look aside buffer (TLB) is a store that 
memory administration equipment uses to enhance 
virtual location interpretation speed. A Translation 
look aside buffer (TLB) has a settled number of 
openings containing page table passages and portion 
table sections; page table sections map virtual 
locations to physical addresses and moderate table 
locations, while fragment table sections map virtual 
locations to section addresses, middle of the road 
table addresses and page table locations.  
 

 
Figure 1:Translation Look Table 

 
Like cache, TLBs may have various levels. CPUs can 
be  worked with various TLBs, for instance a little 
"L1" TLB (conceivably completely cooperative) that 
is to a great degree quick, and a bigger "L2" TLB that 
is fairly slower. Whenever ITLB and DTLB are 
utilized, a CPU can have three (ITLB1, DTLB1, 
TLB2) or four TLBs. 
 

 Address Space Identifier Table (ASIT) : 
 
It allocates the addresses for virtual memory into the 
physical memory for more multiple virtual memory 
blocks. It has Simple physical memory management. 
 

 
Figure 2:Addess Space Identifier Table 

 
 Buffer Invalidation Address Stack (BIAS) 

An invalidate queue is more like a store buffer, but it 
is a part of the memory system, not the CPU. 
Basically it is a queue that keeps track of 
invalidations and ensures that they complete properly 
so that a cache can take ownership of a cache line so 
it can then write that line. A load queue is a 

speculative structure that keeps track of in-flight 
loads in the out of order processor. 
 
IV. HYBRID CACHE MEMORY 

 
There are several memories like SRAM (Static 
Random Access Memory), DRAM (Dynamic 
Random Access Memory), MRAM (Magnetic 
Random Access Memory) and PCRAM (Phase 
Change Random Access Memory) are called Hybrid 
Cache Memories. The motivation for using these 
different types of memories is to improve the 
Average Memory Access Time (AMAT) by 
Lessening the Power Consumption. For simple single 
layer Cache architecture we can use SRAM most 
likely. But, for multilevel Cache architecture we have 
SRAM for first layer as a L1 cache and we have 
several contenders for the next level of cache L2 like 
DRAM, MRAM, PCRAM, etc. Although which 
RAM type should we use as L2 layer in cache 
multilevel architecture that all depends on the 
application and the demand of the processor or 
architecture itself. Which one is better is truly a mind 
boggling question that relies on upon the application 
and prerequisites. A considerable lot of these 
advances can be organized in a manner that the speed, 
less power consumption and data decay limit are 
constrained principally by circuit issues and not the 
gadget. So I'm going to separate this inquiry into 
three essential application classes: Long term storage, 
Main memory, and on-chip Cache. Long term 
stockpiling has traditionally been disk innovation and 
all the more as of late flashes. Main memory is the 
essential working space of a PC and uses DRAM 
innovation. On-chip store is a little quick, high data 
transfer capacity memory that is situated on the same 
package or die as the CPU. These advances depend 
on the rule of scaling to enhance the limit, velocity, 
and transmission capacity of these innovations as 
prerequisites advancement. CMOS scaling is the 
procedure of diminishing the dimensions of 
individual gadgets to fit more gadgets in the same 
territory. The versatility of these advances is 
imperative to assessing their value. 

Table 1. Examination of various sorts of Hybrid 
Caches 
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Starting late now, Developments has been done in 
Hybrid Die stacking to advance Cache Architecture, 
Speed, Power and Area. Hybrid Die stacking is only 
the different layers of dies are stacked with Through-
Silicon-Via (TSV). It enhances the rate, execution 
and power with 3D incorporation. It additionally 
diminishes the territory size and wire length and 
furnishes thick bundling with productive blending of 
various procedure innovations. It likewise enhances 
the Routability.[2] 
 
The Architecture for 2-level cache has been proposed 
as shown in fig 3. In this architecture SRAM is used 
as a L1 for the most part. But, we can use any of the 
RAM from SRAM, DRAM, PCRAM, and MRAM 
for L2 and it all depends on the application and 
demand of it. 
 

 
Figure 3: 3D block diagrame of Hybrid Cache Architecture 

 
As indicated by the proposed design there were a few 
investigations has been done in lab situations and 
numerous  
Sorts of Hybrid Cache models have been analyzed. In 
the trials SRAM is chosen for L1 and others for the 
L2. The after-effect of the re-enactment demonstrates 
16.9% lessening in Average Memory Access Time 
(AMAT) with 15.2% Power saving when SRAM is 
utilized alongside the MRAM as L1 and L2 
separately And 2% diminishment in Average 
Memory Access Time (AMAT) and 33% Power 
saving when SRAM makes the blend with DRAM as 
L1 and L2 individually. PRAM as L2 is not 
reasonable in light of the fact that it has least Average 
Memory Access Time (AMAT) compares with least 
area of PRAM and it is additionally too moderate for 
the cache memory.[2] 
 
SRAM and DRAM are great memory advancements 
that are unstable and subject to scaling issues. More 
up to date memory innovations show quicker 
execution and add the extra component of non-
instability. This element can save money on static 
leakage power. Of these innovations, MRAM has the 
perseverance to bolster on chip use. MRAM likewise 
displays the idleness required for on chip circuits. 
PCRAM are skilled as DRAM substitution 
innovations, and effectively outpace flash and disk 
for long term storage. 
 
With the Increase in Capacity of the Cache, AMAT 
also increases and the speed decreases of the 

processor. So, we can say that AMAT is directly 
proportional to the Cache capacity. In a nut shell, for 
the future execution upgrades Multithreaded and 
Multiprogrammed applications should be tried on 
these Hybrid Memories. Some tests have been done 
and demonstrate the outcome that Hybrid Cache 
prompts 58% and 14% execution upgrades to 
Multithreaded and Multiprogrammed applications 
individually. In any case, it depends a great deal on 
the scalability and progressions in VLSI too. 
 
V.  NON UNIFORM CACHE ACCESS 
 
The non-uniform cache design (NUCA) is another 
methodology that is being talked about for the 
eventual fate of many-core processors. These NUCA 
memories are another option to increase the execution 
of processors that have a lot of processing cores and 
require a ton of information transmission capacity. 
On account of shared memory, one can point the 
access latency as the principle issue for the these days 
uniform cache architectures.[7] 
 
The NUCA memories can decrease the latency of 
information access, expanding scalability, in this 
way, these memories have an awesome potential for 
expanding performance on multi-core and many core 
processors. These days, different levels of cache 
memories are composed in a couple of discrete levels. 
Ordinarily, every lower level incorporates and 
recreates the content of above levels, in this manner 
lessening access time to levels nearer to the Main 
memory. For future advances, extensive memory 
cache inside the chip, with a single data access time is 
not fitting, since issues identified with the wire-delay 
inside the chip are expanding.[7] 
 
This is the principle contention for making of new 
non-uniform cache design. Other than the wire-delay 
issue, we can refer to the essential conduct of 
conceivable parts failure along time that cutting edge 
processors should have. In this manner, some 
isolation or redundancy on the memory modules and 
interconnection can guarantee that if any failure 
happens, alternate parts will continue working. The 
fundamental idea including this new non-uniform 
cache architecture is that a few information will live 
nearer to the processor; consequently, this 
information will have some quick access times. 
Along these lines, close information will be gotten to 
quicker than information which is far from the 
processor. In addition, issues connected with the 
quantity of ports and hardware failure can be 
somewhat illuminated by a non-centralized 
architecture 
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Figure 4 :Different Non Uniform Cache Architectures [1] 

 
Fig 4.shows the distinctive plans for the L2 reserve 
structures. Fig 4.(a) demonstrates the Uniform Cache 
Architecture(UCA) which is the most ancient among 
this all. It has 1 Bank and takes 255 cycles for a 
normal burden. At the point when the limit surpasses 
4MB its execution gets low because of some wire 
delay and constrained ports issues. To defeat this 
issue ML-UCA fig 4.(b) was proposed in which 
parallel information can access in the meantime in 
both the levels of the banks however it consumes 
additional space. Thus, to stay away from this space 
issue S-NUCA-1fig 4.(c) was proposed in which by 
statically determination, position of information in 
numerous bank are maintained a 
strategic distance from. The execution of the 
processor can be enhanced by partitioning caches into 
numerous banks. Nonetheless, it has a few 
confinements too which were later be tended to in S-
NUCA-2 fig 4.(d) design. D-NUCA fig 4.(e) is the 
best answer for it. It places the data near to the 
requested cores and also involves placements, 
migration and replication strategies. Finally, we can 
get the better performance of the processor at the cost 
of some capacity loss.[1] NUCA architecture 
addresses some scalability and memory latency issues 
That’s why software optimization is required to use 
NUCA at its full capacity.  
 
VI. CACHE OPTIMIZATION RECENT 
TRENDS 
 
The world of technology created its own wall to store 
the data in it. There are several advancements are 
going on for improving the wall in terms of efficiency 
and performance, Hybrid Memory cube (HMC) is the 
example of it. It is a radical high speed architecture 
that pairs a high speed logic layer with the stack of 
through silicon via (TSV) with a bonded memory die 
which enables the huge advancements in memory 
performances. SAMSUNG and MICRON technology 
companies joined there forces to make this 
technology better and more efficient and to integrate  

 
the great variety of application. The alliance called 
Hybrid Memory Cube Consortium. It is ground 
breaking technology which gives the 15 times better 
performance that DDR3 module and uses 70% less 
energy per bit than DDR3.Intel’s Xeon Processor is 
the best example for NUCA architecture.  
 
Solid State Device (SSD) has revolutionized the 
secondary storage system because it is much faster 
and performance in random access memory is 
excellent. Although, Smart Response Technology 
(SRT) introduced Intel Z68 chipset which allows 
SATA Solid State Device (SSD) to function as a 
cache for the hard disk drive with a much higher 
speed.[1] 
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