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ng data and examined the possibility of the k-
means clustering method to optimize caching in
Collaborative Software

Key words: k-means algorithm, caching,
clustering

1. Beenenne

Collaborative Software - 310 06J1aCTh IPOrPAMMHOTO
obecrieyeHns, CO3MAHHOIO ISl MOAAEPKKU B3auMoeli-
CTBUS MEXJY JIOAbMHU, KOTOPblE COBMECTHO paboTaior
Haj obmuMu 3azadamMu. IIporpaMMHBIE CHCTEMBI, Ta-
KHe KaK 9JIEKTPOHHAas I0uYTa, KaJeHAapb, TEKCTOBBIi
4aT, BUKU, KOPIIOPATUBHbIE 3aKJaJKU OTHOCATCS K 9TOIl
KaTeropuu. B ycioBusaX BCeMUPHOIl T1obaiusaiuu nH-
dbopMaTusanuu BOpock pazpaboTky HHGOPMALMOHHBIX
cucreMm Bxopsamux B obsacts Collaborative Software, 3a-
HUMAIOT OJHO U3 IIeHTPaJbHbIX MECT BO BCEM KOMILIEKCe
co3nanus 3¢HEeKTUBHLIX CUCTEM JIJisI BEIEHUST COBMECT-
HOM paGoTHI.

2. [locraHoBKa Hp06JIeMbI, CBs3b C HAYYHBIMHU U
NPAKTHYECCKUMU 3aladYaMu

IIpu 6ONBHIOM KOJMYECTBE MOJb30BaTeNei 9TOTO
MPOrPaMMHOTrO 0GeCHeYeHUsT BO3HUKAIOT MPOOIEMBI ¢
JIOCTYIIOM K pecypcam, IIOTOMY YTO IPOU3BOAUTEIBHO-
CTH TIEPCOHAJBHBIX KOMIIBIOTEPOB M CEPBEPOB MOXKET He
XBaTaTh /IJIS BBIIIOJHEHUS TOCTaBJeHHON 3azaun. [luas
pelreHnst 9Toi TPoGAeMbl TPUMEHSIETCS TEXHOJOTUST K9-
HIMPOBAHUS JJAHHDBIX.

Kaumr — aro nmpomexyTounbiii 6ydep, KoTopbiii 00-
JamaeT OBICTPHIM JOCTYIIOM ¥ COAEPKUT MHOOPMAIIHIO,
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KOTOpas MOKeT OBITH 3alpolneHa ¢ GOJMbIION BEPOATHOC-
Thio. [loydyenme TaHHBIX UX KIIIAa MOXKET MPOUCXOAUTH
6bicTpeil yeM BbimosiHeHue 3anpocoB kK CYDB/I(cucte-
Ma ylpaBjeHus 0asbl IaHHBIX) U uTeHue u3 GhaiiinoBoii
CHUCTeMBbI. 32 CYeT Hero yMEeHBIIAeTCs BpeMs IOCTyma
K uHGOPMALMKU, YTO MPUBOAMT K yBEJIUUYCHUIO 00OuLeil
MIPOU3BOAMTEIBHOCTH KOMIIBIOTEPHOI cucTemMbl. Ho mpn
BCEM 3TOM pas3Mep HaMATH /Ui K3Ila OTPaHUYEH, I10-
TOMY pas3pabaThIBAIOTCS aJATOPUTMBI [JIsI YITPABICHUS
nudopmaiuu B kame. Kamuposanue Hanbosee apdek-
THBHO, KOT/la OHO MMEET BBICOKH I IIPOTIEHT «IOTIa/[aH US>
K9IIa M JaHHble HAXO/SIINECS B HEM ellle aKTyaJbHBbIE.
AxTyasbHbIE TaHHBIE HA MOMEHT OOpAIleHUs B KILI pac-
noJjiaraior 6oJiece PAlUOHATBHOMY HCIIOJbB30BAHUIO 00b-
eMy HaMATH OTBEJCHHOM /LIS HErO.

3. AHa/M3 nocaeHuX JOCTHIKEHUIT 1 Ty OIMKauii 1o
JaHHOM npobeme

ITporpaMMbl [IJIsI yHOPaBJIEHUS KIIMIEM HCIOIb3YIOT
pasJIMYHble aJTOPUTMBI JIJIsI ONpeIeeHus] Kakue JTaH-
HbIE€ MOKHO YJIaJUTh JIJIsI TOTO YTOOBI 0CBOOGOAUTH MECTO
st 6osee akTyanabpHON mHpopManuu. B ceromusinmee
Bpems akTuBHO ucnoabdyiot LRU, MRU, LFU u ARC
AJITOPUTMBIL.

Least Recently Used (LRU) anropurm paboraet cie-
AYIOUUM 006pasoM: CHauajla BBITECHSETCS HEMCIIOJIb30-



BaHHBIHN J[0JIbIIE BeeX ayeMeHT Aanubix [1]. st paborsr
9TOTO AJTOPUTMA TPeOYETCs OTCIEKNBATH, YTO W KOTIa
UCIOJIb30BANOCh, & ITO MOJKET OKa3aThCsl HECKOJbKO
HakJagHO. Peasnmsanus aToro Metosna TpebyeT coxpaHe-
HUST JAHHBIX O BO3PACTe JAHHBIX B KAIIE U 34 CUET ITOrO
MPOUCXOAUT ONpe/ieJieHe HalMeHee MCI0Jb30BaHHOMN
nabopmaluu. B Takoil peammsarnuu, mpu KaxkaoM 06-
pamenun kK ganueim KOIla, mensieTcss Bo3pacT BCero
COZIEP’KUMOTO.

Most Recently Used (MRU): riaBHBIM OTJHYHEM OT
LRU, gaBasgercsg TO, 4TO BBITECHSIETCS IOCJEJIHHUI UC-
MMOJIb30BAHHBIN 97IeMeHT [2].

Anropurm MRU nau6osiee ahdekTUBEH B caydasx,
KOTJIa 4yeM craplie JaHHble, TeM Gosblie obpalienuii K
HUM MTPOUCXO/HT.

Least-Frequently Used (LFU): B 3tom ajiropurme
CUYUTAETCS YACTOTA 3aIPOCOB K TaHHBIM B koure. Te nan-
Hble KOTOpble HAMMeHee YacTO 3aNpaluBalOTCs — y/Aa-
JISI0TCS U3 MaMSTH K9IIa.

Adaptive Replacement Cache (ARC): asropurm pas-
pa6oran IBM u ucnosnbsyer LRU u LFU, uto yayumraer
UTOTOBBII pe3ybrat [3].

[IpumeHeHne TOTO MJIM MHOTO AJITOPUTMA 3ABUCUT
OT cTpaTeruu KamwupoBaHus maHHbIX. LRU naumbosee
s dexTuBeH, ecau gaHHbe ¢ OOJBIION BEPOATHOCTHIO
OyIyT MOBTOPHO WCIOJb30BaHbI B camoe Oauskaiiiiee
Bpemst. MRU naubouee s dextuBen, eciiu nuHGOpMAIUs
B K9Tlle MaJOBEPOSTHO OYIET MOBTOPHO MCTOIb30BaHa B
6avKaiiniee Bpemsi.

4. Ilens cratbu

[lesnbio cTarby sIBJIsIETCS paciiupeHue 00JaCTU Mpu-
MeHeHUs MeToja KjacTepmsdanuu ganabx K-Means B
asroputMax ynpasiaenus kama B Collaborative Software.
ITO MO3BOJIUT YCTAHOBUTH JONOJHUTEJNbHbIE YCIOBUS
rnomajaius ¥ He MOMAajaHusi AAHHBIX B K3II C IEJBIO
ONTUMU3AIUU IIPOIEcca KIUPOBAHUSL.

5. OcHoBHOIT paznaen

[l onpejeseHrss aKTyaJabHOCTH HUHGOPMAIUU 110-
MeIaeMoil B K31l IIPEJIaTAeTCsT UCIIOTb30BATH AJITOPUTM
kaacrepusanuy K-means, KOTOPBIU [TO3BOJISIET BBISBISATH
JlaHHble, KOTOPBIE YACTO 3aTPAININBAIOTCS U PEIKO H3Me-
HSIIOTCSI.

[Tog KJacTepHBIM aHAJIU30M MPUHUMAETCS 3ajada
pasbueHus MCXOAHBIX JAHHBIX Ha MOJAIONINECs WHTEpP-
npeTamuu TPYIIIbl, TaKUM 06pasoM, 4TOObI 3JIEMEHTHI,
BXOASAIIME B OMHY TPYIIY ObLIM MaKCHUMaJbHO CXOXKU
(110 KAKOMY-TO 3apaHee OIPEAEJEHHOMY KPUTEPHUIO), a
9JIEMEHTBI U3 Pa3HbBIX TPYIII ObLJIN MAKCUMAJIbHO Pasjiny-
HBIMU APYT OT ApyTa [4].

K-means ocHOBaH Ha MUHMMU3AIMU CYMMbI KBa/Jpa-
TOB PACCTOSIHUI MEK/Y KaKIBIM JIEMEHTOM HCXOHBIX
JNaHHBIX ¥ IIEHTPOM €ro KJacrepa. B manHom ciydae
4HCII0 KaacTepos 3agaercs 3. Tak Kak He0OXOAMMO pa3-
JeJIUTH TaHHBIE BCETO Ha 3 TPYIIIBL JAaHHbBIE, KOTOPBIE
PEJIKO M3MEHSIOTCS M 9acTO 3ampamuBaiores (momaje-
HUe B KO JKeJIaTelbHO); aHHble, KOTOPbIE 4acTO U3Me-
HsoTcs (MONajleHe B KIII HEKeNaTelbHO); OCTalbHbIE
JaHHbIE.

McxonHbIMU TaHHBIMU /1718 aHAJAM3a CHAYXKUJIA IpU-
Mep npoTokosa paboThl WHGOPMAIMOHHOW CHCTEMBI
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Puc. 1. laHHble ana aHanusa

Jlist pabGoTel asroputma ObLIa B3sITA CJAEAYIONAst UH-
dopmanus: kommyecTBo 3anpocoB AaHHbIX (N), koTnye-
ctBo usaMenenunit pganubix (T). IIpumenenue asropurma
K-means 1mo3BoJIMJI0 BBIIENUTH KJACTEP TAHHBIX, KOTO-
PBIil PEJIKO U3MEHSIETCS U 4acTO MCIOJIb3yeTcsl (BHYTPU
OKpyxKHOCTH). B xome sKkcrnepumeHTa OBLIO MPOBEIACHO
CpaBHeHUE Pe3yJabTaToOB paboThI ATOTO AJITOPUTMA C AJITO-
purmamu LRU, MRU, LFU.

Hassanme anropurma % TIOTIA/IAaHVsI B aKTyaJIbHBIE JIAHHbIE
KoIlTa
LRU 72
MRU 64
LFU 50
K-Means 67

JKcIepuMeHT 1okasadi, uto K-Means ajaroputm Hau-
60Jiee MEIJIEHHBI U3 PACCMOTPEHHBIX, HO €CTh APYTOil
BapUAHT pPeajin3aluu 5TOr0 aJrOPUTMAa, B IeJsIX I0-
BbIIICHUST ObICTPOAECHCTBUS MOKHO OIPAHUYMUTH YHCJIO
urepanuii [5]. dTo He06X0AMMO A OBICTPON PabOTHI ¢
GOJIBIIUM KOJMYECTBOM JIaHHBIX.

B pesyibrare aKCIepUMeHTa BbISIBIEHO, YTO aJro-
putm K-means nokasaJsi xopotire pe3yibraTbl paboThl 110
onpejie/ieHno BbIOOPKK JaHHBIX, KOTOPasl ONTHUMAaJbHa
JLJIST I TEJIbHOTO XPAHEH WS B KIlIIE,

6. BoiBojg

Takum 006pa3zoM, HMCCHAEJOBAHA BO3MOYKHOCTH IPH-
MEHEHHUs MeToja KJjacTepusaiuu K-means azist onTu-
musaruu kamuposanus B Collaborative Software. 9ror
AJITOPUTM C OTPAHUYEHHBIM KOJIMYEeCTBOM UTEPAInii 06e-
creduT ObICTPYIo U 3D HEKTUBHYIO PabOTY KIMIUPOBAH WS
B MHGOPMAIMOHHBIX CUCTEMaX BXOAANMUX B 00JacTh
nporpammHuoro obecrevenust Collaborative Software.



Jlutepatypa

1. LRU-WSR: integration of LRU and writes sequence reordering for flash memory [9aexrponnsiit pecype] / Hanyang University.
—Pexnm nocryna : \www/ URL: http://iecexplore.icee.org/xpl/freeabs_alljsp?arnumber=4637609 — 07.10.2008.

2. Hierarchical MRU policy for data cache [dnexrponnsiii pecype] / US Patent. —Peskum noctyna : \www,/ URL: http://goo.gl/EISRB
—19.05.20009.

3. Proceedings of FAST’08 [Daexrponnsiii pecypce] / USENIX Association. —Pexum pocrymna : \www,/ URL: http://www.usenix.org/
event/fast08/tech/full papers/gill/gill.pdf — 30.05.2008.

4. Kuacrepubiii anamusz [dnextponnsiii pecype] / Wikipedia. — Pexum goctyma : \www/ URL: http://tinyurl.com/64gak9b
—15.03.2011.

5. K-means clustering [Dnexrponnsiii pecype| / Wikipedia. — Peskum gocrymna : \www,/ URL: http://goo.gl/5r4Gs — 15.03.2011.

u] =,

YK 004.045:621.396.96

Hagoosmovcs cmpyxmypa ma noxkasHuxu
axkocmi inpopmauiiinozo abesneuenns cnoxcu- ~
eauie npu posnodiaenii oopooui indpopmauii na I H (DO P M A Lll M H E

pieni eusneaenns nogimpanux 00’ckmie y cno-

JAYHEeHUX Mmepelcax cucmem Cnocmepes’rCenHsa 3A B E3 I-I E q E H H ﬂ

nOGIigzI;’o}::):ioc;I;Ztcztnioulgopmauiﬁue 3abe3neuen- H A 0 C H O B I M E P E )I(
M, po3nodinena oopoora C I.I O CT E P E )K E H H ﬂ
o o NMOBITPAHOIO

Ipusoodamca cmpyxmypa u noxazame- nPOCTO Py

AU Kavecmea uH@popmauuonnozo obecnevenus
nompe6umeneii npu pecnpedenennoi oodpa-

oomxe undpopmayuu na yposne oGHapyicenus O.MN. YepHux
6030y WUHBIX 006EKNM068 6 COBMECMHBIX Cemsx KaHaupar TexHiuHWX Hayk
cucmem Haba00eHUs 8030YWHOZ0 NPOCMPAH- LleHTp HaBYaHHS CTYAEHTIB HA iHO3eMHIW MOBI
cmea XapKiBCbKWM HaLiOHa/IbHUM YHIBEPCUTET PafioeNeKkTPOHIKH
Kmouesvte caoea: unopmavuonnoe ooe- np. Jlenina, 14, m. Xapkis, YkpaiHa, 61166
cneuenue, pacnpedeyennasn oopadomia KoxTakTHui Ten.: (057) 702-14-27
E-mail: chernyh@ktute.kharkov.ua

1.1. O6o0p

o a LokTop TexHiuHMx Hayk, npodecop™®
KoHTtakTHui Ten.: (057) 702 14 29

This article represents structure and quality E-mail: prof.obod@gmail.com
indicators of consumers information providing 1.B. Ceup
in a distributed data processing at the level of CTaplumii BUKAaaay, acnipaHT*
air space objects detection in joint networks of KoHTakTHui Ten.: (057) 702-14-29
airspace observing systems *Kacbenpa «Mepesxi 38’a3Ky»

Keywor.ds: informative providing, distribut- XapKiBCbKHWi HaLiOHa/IbHWI YHIBEPCUTET PafioeNeKTPOHIKH
ed processing np. Jlerina, 14, m. Xapkis, Ykpaita, 61166
E-mail: svid_iv@kture.kharkov.ua

1. Beryn Hux panux. /liticno, Bukopucrauus [T go3sosutp migsu-

muTH piBeHb iHGoOpMaliiiHoro 3abesnedeHHs, mo 3abes-

[TigBuimenus HagifiHocTi indopmalliiinoro 3abesme-  MeduTh 6E3MEKY MOJAbOTIB, MiABUINEHHS €EKOHOMIYHOCTI i
yenHs (I3) xKopucTyBauiB CHCTEMHM KOHTPOJIO HOBITPS-  PEryJspHOCTI MOJBOTIB IUBIJIbHOI i BilfichbKOBOI aBiarii B
HOTO MPOCTOPY HEMOKJMBO 6e3 Bukopucranus indop-  paiioHi aepoapomy, Ha TTOBITPSIHUX Tpacax Ta y mo3a Tpa-
Maiiiiaux Texnosoriit (IT) y mpoueci orpumaHnHs, 360py,  coBomy noBiTpsiHoMy npoctopi. I'T, y uiii curyauii, npu-
06po6KH, 36epiraHHs i PO3NOBCIOIKEHHS aePOHABIraliii-  NMyCcKaTh aBTOMATU3AIII0 [POIECiB OTpUMaHHs, 300Dy,




