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Purpose. Big data is a very large vocabulary we have heard recently. No matter for business or personal users, there is al-
ways a lot of important data to store. When we use the storage system, we often want the system to respond quickly enough to
reach a state of no delay. This is a big challenge to the storage system. Scientists have already done many researches on this
topic and they found that the use of cache in the storage system can improve the performance of storage system greatly.

Methodology. Cache algorithm is a hot research field in the current storage area. Least Recently Used algorithm (LRU) is

a commonly used cache replacement algorithm.

Findings. Since the new hash value that appears atop of the stack needs to adjust the stack even if the visited page is al-
ready in memory, this takes much time. We need a better cache replacement algorithm to improve the performance.

Originality. A new replacing strategy based on the LRU algorithm has been developed; it is called Improved LRU algo-
rithm (ILRU). It can increase the hit rate when more users suddenly have a higher access to the unfamiliar page. We determine
whether the hash value is added to a page or not through searching the access hash value in the LRU queue.

Practical value. The test results show that the design of ILRU algorithm can improve the performance comparing to tradi-
tional LRU algorithm. At the same time, ILRU algorithm has higher hit rate than FIFO algorithm.

Keywords: replacing strategy, least recently used algorithm, ILRU, hit rate, performance

Introduction. The development of internet is very rapid.
According to the U.S. Department of Commerce survey, the
data on internet traffic is going to be double on average every
one hundred days. The fast development brings not only the
tremendous business opportunities but also creates a big
problem to storage system. People will have high require-
ments to the storage system performance.

In recent years, people have used the cache to increase
the performance of the storage system. The main function of
the storage system is as a cache between the high speed
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equipment and the low speed device. A good cache replace-
ment algorithm may be designed to improve the hit rate of
the content. When the content of the request is hit, it can be
obtained directly from the cache, which can reduce the re-
sponse time of the request [1].

In order to improve the hit rate of the cache system, we
should design different cache algorithms to manage the data
and make out the elimination decision when the buffer space
is full. The cache algorithm generally determines which data
needs to be cached and the data blocks are selected when the
space is full.
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LRU algorithm is the most commonly used cache algo-
rithm. LRU is the abbreviation of Least Recently Used,
which services for the virtual memory management. For the
virtual page storage, internal and external information is re-
placed by the page. When we need a page to be placed in the
external memory, we transfer it to the memory. In order to
keep the size of the original space, we also move less the
process execution. The present of LRU algorithm is based on
the assumption that the pages used frequently in the previous
instructions may be used frequently in the following instruc-
tions [2]. On the contrary, the page that has not been used for
a long time most likely will not be used in the near future.
This is the famous local principle. Therefore, we only need
to find the least used page to call out of memory at every
time of exchange. The drawback of LRU algorithm is obvi-
ous. When there are more users to access the unfamiliar page
suddenly, the system will produce a higher miss rate. That is
why it is necessary to improve the LRU algorithm.

In the research, the ILRU algorithm has been developed
which can increase the hit rate when more users suddenly
have a higher access to the unfamiliar page. We determine
whether the hash value is added to a page or not through
searching the access hash value in the LRU queue.

Findings of the research:

 After the analysis of the disadvantage of LRU algo-
rithm, the ILRU algorithm has been designed to improve the
hit rate of cache in the storage system.

* Experimental results show that ILRU algorithm has im-
proved the performance of the system significantly.

Related work. According to the cache level, the cache
algorithm can be divided into two categories: single le-
vel cache and multi levels cache. In the single level cache
structure, the most commonly used algorithm is LRU
and LFU (Least Frequently Used) algorithm. Based on these
two algorithms, there were created many improved algo-
rithms, such as LIRS [3], LF-RU [4], ARC [5] and other al-
gorithms. Multi-Queue [6], LRU-K [7], 2Q [8] and other
algorithms are applied in multi levels cache structure.
There are also some algorithms suitable for only special
application scenarios. DULO [9] algorithm is customized
for the database type.

The LRU-K cache replacement algorithm is based on the
LRU to improve, in which K represents the number of recent
visits. The algorithm records the access information about
the last K times of each data block. In order to reduce the
space complexity of the algorithm, the algorithm sets a histo-
ry retention period. When the time information access of a
data block is over the history retention time, it will be dis-
card. When the data is eliminated, the block, which is the
most distant from the last K times visit, will be selected. The
algorithms generally use the heap to maintain the data. The
elements in the heap are built in accordance with the last K
access time. When a data block is accessed, the access time
of the data block is moved. At the same time, the system will
add the current time and readjust the heap. We only need to
select the elements on the top of the heap in elimination, so
that the time complexity of LRU-K algorithm is log (N) level.

LRU algorithm is a special case of K equal to one. The
LRU-K algorithm can resist the cache pollution caused by file
scanning when K is greater than one. When the file is scan-
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ned, the numbers of accesses to the data block have changed
the current access time, which cannot brush out the elements
in the current data cache. The LRU-K algorithm hit rate curve
is shown in Fig.1.
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Fig. 1. LRU-K algorithm hit rate curve

In the LRU-K algorithm, the time cost of the Log (N) level
is reached because the system uses a heap to maintain the da-
ta. The time cost of 2Q algorithm is constant time and the
performance is similar to that of the LRU-2 algorithm. An-
other advantage is that it is not required to adjust the parame-
ters of the LRU-K algorithm.

The 2Q algorithm only allows hot data blocks to enter the
cache. The figure of 2Q algorithm is shown in Fig.2. From
the Fig. 2, we can see that 2Q algorithm contains two queues,
Al and Am queue. A page is accessed into the Al queue for
the first time when the queue is a FIFO queue. If this page is
accessed again in the Al queue, then the page is treated as
hot data pages to enter the Am queue, which is also a LRU
queue. If a page has not been accessed in the Al queue, this
page is likely to be a cold data page. When it gets to the head
of the queue, it will be deleted.
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Fig. 2. The figure of 20 algorithm

The ILRU algorithm. The Design of the Algorithm.
According to the ILRU algorithm, the system creates an ILRU
queue to score the data and related information. When a user
accesses a page, the corresponding hash value will be calcu-
lated. The hash value will be searched in the ILRU queue. If
the associated hash value does not hit in memory, a new hash
value is inserted into the header of the ILRUI queue. If the
associated hash values are hit in memory, the system will
find its position in the queue. In the ILRU1 queue, the associ-
ated hash value memory block is upgraded to the ILRU2
queue in the linked list. If the hit hash value of the memory
block is in the ILRU2, then find its position in the queue, to
move it to the head of the ILRU2 queue. The schematic dia-
gram of IL-RU algorithm is shown in Fig. 3.

The advantages of the ILRU algorithm:
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(1) The calculation of hash value. The calculation of hash
value is calculated mainly according to some information in
data block. Even a very good algorithm will produce con-
flict. In order to reduce the conflict, we use the MDS algo-
rithm and time hash algorithm to generate two keys. The two
key values for the unique identification greatly reduce the
possibility of hash value conflict.

New data to ILRU1 queue tail

(2) Due to the use of two LRU queues, and the second le-
vel of the LRU queue is an upgrade of the first LRU queue.
When a large number of users access read and write requests,
it results in a large number of new hash keys. It will be re-
placed in the ILRU1 queue and will not lead to the entire
ILRU queue refresh, so that it will appear suddenly higher
miss rate.
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Fig. 3. The schematic diagram of ILRU algorithm

We can see from Fig. 3 that each hash value node con-
tains two pointers, prew and next, mean the front of the node
and after the node, respectively.

The whole data linked lists create two similar LRU
queues, which show as the form of a data linked list in
memory. The LRU queue only achieves the sorting relation-
ship between the data pointers.

Because the data list is a two-way list, which is very
easy to delete and insert data. Therefore, the hash value is a
very small cost for a new connection and the insertion of the
virus related information into a linked list.

Algorithm Description. The ILRU algorithm is implement-
ed is shown in Fig. 4. Let us describe each step in detail:

(1) A new request. When a request arrives, it will be re-
solved out of the relevant information.

(2) Calculated hash values. According to specific data,
the hash value is calculated by MDS algorithm.

(3) Search according to the hash value in the list. Look
the hash value as the key, search the relevant memory block
in the list.

(4) Judge whether the search is successful or not. If you
find it, then go on.

(5) Check the ILRU queue. We should check the value of
the ILUR queue based on the hash table.

(6) Judge whether the search result is in ILRU1 queue or
not. If it is in ILRUI, then continue; otherwise go to step (9).

(7) Join in ILRU2 queue. Upgrade to LRUI queue to the
ILRU2 queue.

(8) According to the information we, process the mes-
sage. According to finding the hash value, we take out the
corresponding information and deal with it according to the
specific circumstances.

(9) Move to the queue header. The system search the
hash value. If it is in the ILUR2 queue, it will be moved to
the queue header.

Experimental results. It was found that the hit rate of
the 0 sequences is a hash value of the common resource. We
find that except the beginning of the hash table, we have had
a miss. The later hit rate reached 100%, and IL-RU algorithm
can keep a high hit rate. We can see the hit situation sche-
matic diagram of ILRU algorithm in the table.

Compared with the traditional LRU algorithm, the ILRU
algorithm is higher. The hit rates of the ILRU algorithm and
traditional LRU algorithm are shown in Fig. 5.
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In the previous test, the ratio of the cache was 50%. In or-
der to test the effect of the cache size, it was tested in four
groups. The results are shown in Fig. 6. The percentage of
the cache in the test was 0, 25, 50 and 75%, respectively. The
occupancy rate is 0, which indicates that the RAM is all ILRU
cache zone. The reason why there is no test 100% is that the
RAM is written in the buffer.

As we can see from the Fig. 6, when the proportion of
cache increases from 0 to a certain range, the cache system to
write the most frequent data. This part of the number of data
is written in a very many times higher than others in the
RAM, so the performance of the system will increase.
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Table

Comparisons of PSNR Parameters

Access hash sequence 7 0 1 2 0 3 4
7 1 2 2 3 3 4
ILRU1 7 0 1 1 2 2 3
7 0
0 0 0 0
S NR
x X X X V X \ x

The performance of the system decreased when the ratio
is from 50 to 75%. This is because the ILRU cache decreases,
which affects the system's hit rate, and the write cache al-
ready has much write frequent data.
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Fig.5. The hit rate of ILRU algorithm and tradition-
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Fig.6. Different cache size effect on the performance

Conclusions. When there are more users to access an un-
familiar page suddenly, the system will produce a higher
miss rate. This is why it is necessary to improve the LRU al-
gorithm. In this research the ILRU algorithm has been devel-
oped, which can increase the hit rate when more users sud-
denly have a higher access to an unfamiliar page. We
determine whether the hash value is added to a page or not
through searching the access hash value in the LRU queue.
The experimental results show that the algorithm can achieve
the goal of the system performance improvement.
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Mera. OcTtaHHIM 9acOM MU BCE€ YacTillle YyeMO IPO Cy-
TIepPMAacHBH AHUX (JaHUX BEJMKOTO 00'eMy). SIK y TiTOBHX,
TaK i B 0COOMCTHX IIJISIX KOPHCTYBadaM HEOOXimaHO 30epira-
TH Oarato BakmBOi iH(opmarti. [Ipy BUKOpHCTaHHI CHC-
TeMH 30epiraHHs JaHNX MU X04eMO, a0l CHCTeMa BifITOBi-
Jlana Ha 3aruT JOCHTh HIBUIKO, Oe3 3aTpumok. J[ns cu-
cTeMU 30epiraHHst JaHUX — Ie Jy’Ke CKIIajHe 3aBaanHs. Jlo
TETEPINIHBOrO Yacy BUCHI MPOBEIM Iy)Ke Oarato JocCii-
JDKEHb y I[bOMY HamnpsiMi Ta 3'CyBaJ, 110 BUKOPHUCTaHHs
kel (mBuaKoairo4yoi OydepHoi mam'aTi) y cucremi 30epi-

103




IHPOPMALINHI TEXHONOTIi, CACTEMHUA AHANI3 TA KEPYBAHHA

TaHHs JAHUX JO3BOJIIE 3HAYHO TIOJIIMIUTH ii MPOIYKTHB-
HICTb.

Mertoauka. Y chepi onepaTuBHoro 30epiranss iHdop-
Marlii BelMKa yBara MpUAUBIEThCS JOCIIKEHHIO aJTOpUT-
MiB KenryBaHHS. HalOUIbII MOMyIApHUM € alrOpUTM BUTI-
CHEHHS HAa OCHOBI HAHOUIBII TaBHHOTO BHUKOPHUCTAHHA
(LRU — Least Recently Used).

PesyabTarn. OCKIbKM HOBE 3HAYEHHS XemI-(DyHKILT,
IO TNEePEMIIIyeThCS HAa BEPIIMHY CTEKa, BUMara€ BHECTH
3MIHH JI0 CTEKa, HaBiTh SIKIIO Bi/IBIlyBaHAa CTOpPIHKA BXKE
3HAXOJIUTHCS B MaM'siTi, [ie 3aiiMae Oarato yacy. st mo-
JUIIICHHST TPOAYKTUBHOCTI HEOOXITHWIA MOKpPAIICHUH ai-
TOPUTM KEIIIyBaHHSI.

HayxoBa noBmu3Ha. Po3poGnieHa HOBa cTpaTteris 3ami-
IEHHSI Ha OCHOBI ayropuTMy LRU, Ha3BaHa MOKpALICHUM
anroputMoM ILRU. ITokpalieHuii ajaroput™ MoKe ITijIBU-
IIMTH YaCTOTY YCHIIIHUX 3BEPHEHb, KOJIM KOPUCTYBaul pi3-
KO MiIBUIIYIOTh KUJIbKICTh 3BEPHEHb JI0 HE3HAHOMOT CcTOpi-
HKHU. ATITOPUTM BH3HAYA€E, YU MPHUBIACHEHE 3HAYCHHS XCIll-
(byHKIIT CTOpIHII IUBIXOM TOIyKy y LRU uep3i.

[pakTuyna 3Ha4uMicTb. Pe3ynbraTy TeCTyBaHHS MO-
Kazajy, 10 MOKpaleHud airoput™ ILRU Hi,I[BI/IH.[ye po-
IYKTHBHICTh Y TIOPIBHSHHI 3 TPaIUIifHUM aJrOpHUTMOM
LRU. Jlo Toro x, nokpauieHuit anroput™ ILRU Mae BTy
YacTOTy YCHINIHMX 3BEpHEHb, HUK aJITOPUTM THITY “Tiep-
MM TPUAIIOB — MEPIIUM BHHIIOB.

KirwuoBi cioBa: cmpameeis 3amiwyenns, aneopumm
LRU, nokpawenuti aneopumm ILRU, uwacmoma YCHiuHux
36epHeHb, NPOOYKMUBHICIb

Hens. B nocneanee BpeMst Mbl BCE Yallle CIBIIIAM O
CylepMacCHBax JTaHHBIX (JaHHBIX OoJbIIoro o0béMa). Kak
B JIETIOBBIX, TAK U B JIMUHBIX IEISX TOJIE30BATENSIM HEOOXO-
JIAMO XPaHUTh MHOTO BaXHOW uHpopmarmu. [Ipu ucrosb-
30BaHUM CHUCTEMbI XPAHCHHUS JAHHBIX MBI XOTHM, YTOOBI
crcTeMa OTBevalia Ha 3ampoc JOCTATOYHO ObICTpO, Oe3 3a-
nepokek. JliIst CHCTeMbl XpaHEeHHs JaHHBIX — 3TO OYCHb CJIO-
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JKHas 3a7ada. JIo HaCTOAIIEro BPEMEHH YyYeHbIE HPOBEIH
OYeHb MHOTO HCCJIEJI0BAaHUIN B 9TOM HAIpaBIEHUU U BbIAC-
HWJIM, YTO UCIIOJIh30BaHKe KA1 (ObICTpoIeicTBYIOMIEH OY-
(bepHOI MaMATH) B CHCTEME XPAHEHHUS JAHHBIX TTO3BOJISET
3HAYUTEIIBHO YIIYYILIUTh €€ POU3BOAUTEIBHOCTD.

Metomauka. B chepe oneparuBHOro XpaneHus: HHGOP-
Maluy OOJBIIOE BHUMAHHE YAEISETCS] HCCIEIOBAHHIO all-
TOPUTMOB K3mmmpoBanus. Hanbosee momynspHbIM SBISETCS
QJITOPUTM BBITECHEHHs] Ha OCHOBE HamOoiee JaBHEro Hc-
none3oBanust (LRU — Least Recently Used).

PesyabTarbl. [lockonbky HOBOE 3HAUCHHE XdII-(DyH-
KI[MH, TIePEMEIIAOIIeecs] Ha BEPLINHY CTeKa, TpeOyeT BHE-
CTH M3MEHEHUS B CTEK, JaXkKe €CIM IOocellaeMas CTpaHuIa
YK€ HaXOIUTCs B MaMATH, Ha 9TO YXOAUT MHOI'O BPEMEHH.
Jns ymydineHus Tpou3BOAUTENFHOCTH HEOOXOINM yiIyd-
LIEHHBIN aITOPUTM KILLIUPOBAHUSL.

Hayuynas HoBu3Ha. Pa3zpaGoTtana HOBast CTpaTerus 3a-
MELICHUs Ha OCHOBe ajropurMa LRU, HaspiBaeMas yiyd-
LIEHHBIM anropurMoM ILRU. YiydINeHHBIN allOPUTM MO-
JKET TIOBBICUTh YacCTOTy YCIEHIHBIX OOpallleHui, Korja
TI0JIB30BATENH PE3KO TTOBBIMIAIOT KOJIMIECTBO OOpalieHni K
HE3HAKOMOH CTpaHuIle. AITOPUTM ONPEAENSET, IPUCBOEHO
T 3HAYCHHE XAII-(PYHKIMN CTPaHUIIE ITyTeM Imoncka B LRU
ouepeu.

IIpakTnyeckasi 3Ha4UMOCTb. Pe3ynbTaTsl TECTUPOBaA-
HYSI [IOKA3aJIM, YTO YJIy4IIEHHbIH aroput™ ILRU nossiiia-
€T NMPOU3BOIUTEIBLHOCT 10 CPABHEHUIO C TPAAULIMOHHBIM
anmroputMoM LRU. K Tomy ke, yIyd4IIeHHBIH aJroputM
ILRU umeet 0oJiee BHICOKYIO YacTOTY YCIEIIHBIX OOpaliie-
HHH, YeM alIrOpUTM THMA “TIEPBBIM MPHUIIEN — TIEPBBIM BBI-
e’

KnroueBsle ciioBa: cmpameaus 3amewenus, ancopumm
LRU, ynyuwennoni aneopumm ILRU, uacmoma yCneunvlx
0bpaujenull, npouU3800UMeIbHOCHIb
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