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230093L dmbs399930ms s 3BIMAMST0M 5MOLALYIMZgE0 Fb03E0MYds (bob.1).

ID: 1001 __-"'""\ 0933092000
ﬂc\ﬂbﬂ&&aﬁmﬂ}ﬁ}——__._-_—-‘
SMmElddo
0321293533 | 2 | S48 | 596 dmabdsmndemabo
0321601912 | 1 | $39 | $39
--.—-""h.h
0131495054 | 1 | $51, | 51 3MmEngEIoo
|
BIEIEOL ANV Sl
Card: Amex ™
CC Number: 12345
expiry: 04/2001 \
S
\"-u_ L3Hgmodm buMamnbo

Bob. 1 sMsM9ma30vIMo ©s HYmSE0vMo dmboggdors Bsbgdols
LBEAHOMIGHIOIOOL gsMgds

mbo390m5  5MMIWH30MO BIDBJOL, MYOE0MMMID TgsMgdom, 5J3L
LEOHMEP0SE 256Lb39390wo FmgEwo. ™39d96EBg MOOgbE0Mdo NoSQL
051900 dmbs39gdgdl  0bsbogl JSON  (JavaScript Object Notation) gmGds@Edo,

d0MO0mMOEs© 08 Lobom, ®MmIgulsg dooMgdl 93¢035305. ol  8godergds



3903930096 9w 5301MH0 BMmEYEoL M3dY60dg BOOEOL 45000 JoWYdIVE
0bgm®Io305l  ghm  ©M3MI BEHT0/MmdogdBHTo, GOz MBOMB3gYMBL
Bo09M5/Ho300b30l Mm39M530930L [otBomdol Qomdxmdgligdsls (bob.1).

0653060 1d9dgdol dmEgero LodMsgdsls 335d¢93L, 09MsMJowo
393006980 @5  Govro  LEGHOWJGHMOJO0 0900090000  356GH035©
PotmBmgo000bmm.

LOLIMZ39e00, 339LTMEIL OMAMGOE MJESEOMMO, SB939 SMSMYILSF0IMO
05900l 3Mm0b303gdo  ©@s  3Mmb63MEGHMWo  sTmEsbolmzol  Fgz56MBomo
Lol@3geno Lol gds. BOO 1-d0 FMEGIMEP0s OIS0 S SMIMYSFOWYE)
dmbsizgdms  35Hgdobmgzol  FgLodsdol  98m3sbsms  obolinsmgdEgdoL
3obLb353900L s©fgeo.

3bO. 1. HIE30MM0 ©5 3M3MGE530vM0 dmMbEgdms dsBgdol
503565005 3¢sligdols FgaMgds

o 9mbs399ms LoEO3L MBS Fgqdemls gobliszmmcmgdom
NoSQL QOO QIGHZ0MHMZ0L 4503053905

o HM36%5gd30900 d0M0m©s OLAP Loboboss

e 330MI05 L3530, OMIOL Q5630MMdS3
3OH0DMbE MM bLoFo®m (horizontal scale)

o 099 LbO39E0s LOTSOEH039, G0 SQL dmmbmgbgdols
390999

o 9mbs399ms LoEO3L MBS Fggdeml S1Y39 OO
BH30MM30L 45930093909, BoaM9d BM6Dod30900 J0MO0MII©
OLTP bsbolos

e 330005 FoMH3oMds MBOHM IH39How S M

LOOTIGIOPY
o 099 33060©9d5 SQL 9bol 359mygbgds

RDBMS

NoSQL 35%9080 dmbsigdgool 8965630l 4 doM0050 3030 sOLgdMAL:

1. Key-Value Store — 53l oo 398 3bGOowo gsLowgdgdols s dsmo
960093690 Md900Lsm30L. 3mbo39998Dg 3™Bs 23536 306MZ39E@O FOBOMYOOL
(Primary Key) 309myggbgdom. (ds35eromasq, Riak, Amazon S3 [Dynamo], Redis...);
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2. Document-based Store - 065b53L 056040560 9engdgbEHgdoLysb (tagged
elements) J90oM ©M3IMIYPBGHIOL. 53 GHo3olb dmbogdms d5Bgdl  JOIN
M39M5GHMMOL  FboMFIMS 96 9d30. FBOOEIGOOL  F5dTOL/Q59MH06JdOL
WMA03d 930353008  dBsMGL  5M0L  oLFIMO.  LTogrogMmE, ™dogIEbY
M6096GH0MJOMwo  53¢035300M30L  doE0sh  FoMBH0305 dmgwo  LyFoOHM
063m®ds300L  9HMO  ©M396EBH0IL  sTMmPgds.  (Bsgswoms©, MongoDB,
CouchDB...);

3. Column-based Store - dgblog®gdol mommgmwo derm3zo 0bsbogl
dbmEm© 960 B39gEOL 06RMOTS300L, MO 09369 ST5MGH039L SZMIRIGIWO
1bJzogooL (MIN, SUM, AVG, COUNT...) 9b6xmeqdsl. 53 ¢odol dmbsigdoms
059900 33103 3bOHOWNH BEHOMIEBHWML 09)bgdgb, Bogsd JOIN Mm3gMo@MMOL
dboMoFIOS 5O 5d3m. EbOOWGOOL  A9dIOL/RogMH056gd0L  rMy03s
5300035300l FboGgls 56M0L aLHgOO. (Fsgowoms, HBase, Cassandra);

4. Graph-based-Jlgarm@o GHo3ol dmbsggdms dsbs, MMIgEog 0ygbgdl
Podmqdls s 3396098l  Bmbogdgdols  Jglobobo o FoMdmboygbo.
355 oms, Neo4.

99b3mbgbEosEMEs© 39BOOOWo 5m©)bMdOL dmbs3999d0L
538539058 LEOME0s© 2oblb3939do LoLBHYTs LFoMEYOS sG> TBMEOMO
MIXSE0IO0 QS 3M3MYIS30MO B3HYOOL MBYBY, 9599 03 LyM3gH Yo
504oG9dGHMOol mbgbyg, Losz 3999690 dMbs3gdms 33HYOL. WgoLbm30L
L599399LbM  odMbOZo0  3MMgdBHs Apache Software Foundation-0y,
Lobgeroo Hadoop.

Hadoop 93mLobi@gdsdo ULbgosbbgs  30Mm©mddos  goghomosbgdrwmo,
d0M™MZ5¢ 30 Lo JoMOMOO 3MI3MBYBEO 593L (b5b.2):

HDFS (Hadoop Distributed File System) - gobsfoergdmeo gsomo®o
LobG9ds AmbsEgdgdol Gglsbsbo

Map Reduce - 9053560 3m33mbgb@Go 256sfowgdmeo gs8mmzwrgdols

BoLOEOM9OWS©
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YARN (Yet Another Resource Negotiator) - 6sfoqdrmmo  gotgdmls
doGrIongo.

3MbLoLEbEHWOMdOLmM3zol Hadoop gsowmMo Lobgds ,,.Shared Nothing®
99l 094gbgdl, o3 gmErolbdmdl, 560Jo@gddIOsl, Lssg JasbiGg®do
090953500 33560980 9656900 L6 OIS TM30009dEsE FTomdab.
LogMM OHILMOLOL sOJMbs b0dbs3L, MMd 3356d900L JMMNTbgMb MO POgMm-
9890905 3060013580095 ©9Y39560¢0 s TGlodsdolo, S0s® 33593l “Bottleneck”

(dmmEol  9930(OHm390wo  ygaol)  3Mmdwgds.  50bodbmemo  dmgero
335993L 3mOHODBMBEHWOHO BHOL MOoMJIoL eEodoEMm TgbodEgdEMOSL.

i Q
s Pig o =
3 0mB2(3)075M26 F30mD ive o
< O
% HBase
L 2 0mba3)0 B0b H D FS C d S
O 2 896903 356550390 Q0MmHO assandra ‘q_) -
€ AODN0JH0- bobé o £
o S| | HCatalog | & ¢
£ 5| wowes MapReduce |Lucene O S
- 9 Go> ao0oFom)dgmo 350mmzmydo H ama o (g
T BJbehgm)do O
8 |2Momstio Crunch N g
A 2| | gmsagoms YARN Avro 5
o S GJ 3265503 mo 20Mmdmb « - ©
o bIHOIMODIF0S B3 Thrift ©
=2 g O
) dmBoEg0m Drill =
2bamobo Mahout <

Java Virtual Machine

m3ghoopmmo bobggds (RedHat, Ubuntu, Windows)

6sb. 2 Hadoop g3mUboligds

gy 05380 25003M(399M0s  EOLYMESE0sd0  JobboMo  MgMEoMwo
Lo3ombgdol  36odBHozmeo  MHgoobgds.  YMMOMgds  godsbzowgd o
3obsfogdmmo  35HgdoL  dmboszgdms B OosbMdOL s GHEMEBIJz0sms
0DBMEoMgdol ™bYadbHY. gobobowgds ACID (Atomicity, Consistency, Isolation,
Durability) 36G063039%0.
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dmbsizgdms  ©™3MIIbEH—MMH0gbFHOMGOMWO,  9MIMIW30MMO  dIDBOL
MongoDB ULog3d39eBg a96oboegds d5Bol 8(o63mgdem®mdols JoMoms©o
doboliosmgdEgd0o s sMHgM0E0s LobEgdol QodsMm30L 9Es39d0.

04056 259m30bstg, O™ dmem fargddo 9Ju3mbgbEoswr Mo 0BM©IdS
SMLGHOMIBHO0MIdMNwo  Jmbsggdgdol  Mom@gbmds,  3M0GH03MESE
960036903560 bgds 0bxzm®dszools 9gbsbgol LE®mo@ga0gdol 99dw9dsggds.
59m3960l  Tglodsdobo  dmbozgdgdol Jgbsbgols (Storage) o  3bBLOLEND-
GMOmdoL  (Consistensy) 9dm@gargdo  sMOL  gologdo  0dobs, ™) OeMAMEO
9356200 dmbozgdms Ls3s30L 0bTMILEHMMIEGHIMS MI356gE FMmmMbmzbyodl.

dombgogo  0dols, Mmd  NoSQL  90356mwwqdol  odGHome
396300560905%9 d93Y39wgdL dmem {emgddo dgddbowo  225-%Bg dg@o
Lbgo@olb3s BBy, o0bE 56 046905 LHMEMO 0doL 1]ds, MHMA MW SE30MEOO dsDYdO
Dol Bsds®@s. 36M53o 9M0L 53356900, HMIGEmS owsHy393oLm30L
0l93 s 0l93 MJPSE0MO 35HYOO SMOL LE0TJOM, MBOM J9AO3, 3936005 0lgmO
59m 3965, ®MIGdIOE OJES3071M0 d5HJOOL gotqdg 396 49y 9ds.

3oM0005,  FJR303¢05  3MIMIWO30MM  d9Hgddoi PogmMmm  olbgmo
WM039, OMIgGoE LOWMWOIE 93059mB0Egdl ACID dmmbm3zbgdls, dsasd
396033970 D3m0l 9999y do0sb MMMEEgds dmbs399900L dmzms s
3OMAGMdMo  MBOWb3gwymys. sy OHmd, oo  LobEgdgdol
©5330Mm9dBHgdwgdl  Mbs  gLIMEYE  BMAMOE  OIWSE0GO,  SBY39
3M56MH9530M0 35HYd0L 3GBE03900 S 3mb3MYEIWO STMEsbols Fobgzom
506MBomb  Jgliodsdolo dmboggdoms BB, 8lg3g, FoLOMZoEoLHobgdgEos ol
239dBHoE, OmI, OmamO3  Jqbo, dmbsgdms  LoEeggddo NoSQL  3sHgodo
M33H030D0oMdMos OLAP s 565 OLTP 8mmbmgbgdbyg. 99Lsdsdobo, o
36Md005, HMA 53m35608 J0BbYd0ID 25dMBEObsGY, MBEOM bJoMmsw Tm3zwg
@ AbBYdo BHEMEBIJ30900L 259mYygbgds 046905 LyFoMmM, 45HY39GMgdOL
9oL gdo b F56OLIBOZIOMU, Modgbs© 9539dEHMMO 0dbgds BHMIOEOIEO
9330 IO0 35HJOOL BIEZEIW IMIMYIWI(30IM0 dIBJOOL godmygbgds.
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5023965, MIWHE0MO0 O SMMYES30O0  dMbs3gdms  d3BYdOL
399myqbgds  965990MM3g LHObBMOTs3om  BoLEHYIGOOL  sLoggds©, 30 96
359mM03bo39b, 56539 5319096 9HNTsbgmLs.

bbgoolibgs dmboggdms 35Hgddo GHMbBogzool 0Bmeomgdol mbggdls
39633900 356b35390900 5J3L. Fose0mMa, oracle dmbsizgdgdol Fozombgolsl
lock-b LogBomo 56 094gbgdl o dirty data—li 3Gmdgds latch-gdoo 593l
39(y39(H0wo.

Lock-ob 99dmbggzsdo H0oado 30900m, ™3 dozommm dmbszgdgddy
P300mds, latch-ol ML 3o 39MHOMEMESE 3530mbogm  Imbs3gdgdl s
3580§390m, 0799 5GOL MOZ30LBWO.

Oracle, MsSQL Server o> DB2-80 0bms300L combg 890demgds dogomommls
3M6309Ho  Lgbool 96 GHE®bBodioolmgol  (DB2-b  ©sds@gdoom  og3L
33035300L mbys) [3,4].

NoSQL  Lob@gdgdolomgol,  3mb6309@ms 30 MongoDB-Lmgol
G®56DoJ30900L  0BMEoMmgdol  Abasgbo  FgoMmEIdo oG  §35J3L  [5]. o0
36MHmdEgdsl MongoDB  {iy39dl 0ommgmeo  m3mdgb@Hol  s@Gmds®modol
3600630306 ©@o330m.  Sbg  OMT,  LLobgmEMsgom BBl  EOBsobol
399993853900L5b, g0 ob dmbs399990, LooE 33F0MEYdS, MMA 5EMI>MIMdOL
36063030 @osgwo ogmlb, Mbs dgz0bsbmom gho ©™3mdgb@do. doMoms
39000b39399d0 ™ 3999960l MbyBg sOLGdIMO 5EHMBOHMdS L3ToMOLOS 0
15089EMMdOL  AoLOMHJ35, MOLOE MYEsE0MO dmboggdms d3Bgdo ACID
3606303900l 3300 2o5HY39EHs.

35250ms©, MongoDB-l 8900bg93590 9000856900096 003538060900
dmb5399990 93030 8MZ5mM3LM” 9O MIMII6EHT0, BoyT o dsbogol
(nested arrays) 56 Bodwo ©m34996@0l (nested document) 359mygbgdoom. 53
d9dobgg3sdo dbMEm© 9OHMO M3MIGBEGHOL  qobobargds dmy30(93l, Mg,
99L505d0LO, 5BHMI>OMWO 3OMEgLO 046905, MYWsE0MG IMbs39dms dsBYddo
00539 Lobols 53538069390 dmbs(399900L FoOdMmboygbs ©a3F0MOIOMS

bbgoolbgs  3bM0owgdo s  BsbsfigMgdo, o3 930w gdgml  AOBOES
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A®96boggool 0BMmEoMgdol ©Mbggdol  2sdmygbgdsls  dmboggdgdol
3obsbargdolbmgzol.

CAP ogm9ds (Consistency, Availability, Partition_tolerance) 56 dG0wg6ol
(Brewer Eric) ogm69ds sGob 930oLE03mo 93303905 0dol dglobgd, 6Hmd
39650 gdmEo  259mmM3wgdol 6gdoldogd MgoeoBs30sdo  GgladwrgdgEos
bsdo (C,A,P) 030L900056 dbmemm mMob MBEOmbzgaymas (6sb.3).

Data Models A
Relational (Comparison) vailability
Key-value 6100003 BDbB &I 610b30gh e

Column-oriented! Tabular 89005 AaFM 3 Fagombgs

Document oriented

CA AP

RDBMSs Aster Data Dynamo Cassandra
(MySQL, Greenplum Voldemort SimpleD8
Postgres, Vertica Tokyo Cabinet CouchDB

efc) KAl

Riak

Partltion

onsistency

CP Tolerance
?g’éggggg?s?&m BigTable  MongoDB Berkeley DB bob@ g0 godahmymo dgdamdl
BenBbBoth1dmMO Hypertable Temastore  MemcacheDB bhIHBL Bmchob QoD YH0
i (Qw?g ', MBase  Scalas Redis 380l bacrzgbob 309030
003) dmBa(378)8l

Bob. 3 CAP ongemegds

Consistency (800@056mds) — 29bsfforgdmo 3m3300GHgMwwo LolEgdol
ygzgws  3356ddo  (node - 3e0olBg®do)  Fmboszgdgdo  9gmobbdgdmeros
(665(0b65500gaMdM0305 MHMOL Im3gdwyen dmdgbEdo);
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Availability ((3™850M0d5) — 6900LdoghHo dmmbmgbs  gobsfowgdmen
LoLEBYALMIb LEOEIds 3MMYJGHVIo 3sbbom (v MMIgEodg 3356do
3900039905, 5L 330l Bbgs);

Partition Tolerance (39650930l 3aMo@mds) — 3005bEHIO0 gobog™dmdl
931164 300bsEMdSL Bsdobog 30 MMEaLsg 3396d90L IMEMOL sGOL 3mdbo3sEool
36HMdEgdo.

3999985390905 300E034910 LobEgdol sGJoGgdGmes, 0bgMILEGHMMIEGHGS
@S ©3MOM9JBHJOM0s oo (i3omdomdol dmbg dmbsigdms  Logsgo
(Bob.4).

39LEYdOL FoEngEO 39L5®YdOL Fegoemgo 39b5©YdOL FesemgEo 3°LOEYBOL FrgoEgEO
0..30 31..60 61..90 91.. 100

2
0
)
&
A
]
€
el
3
=)
<}
»
el
[
C
2
=3

6sb. 4 LgHzgHEro MbBOHMB3gEymas replication s sharding ¢ggdbmemaogdoo

dmboggdoms  dsBol  Bsdogg doMHomMoEo  obslosmgderols  (3OMEgLMMOO,
39605300 Igbloghgds s boliBo ©olizo), obg3zg HMAMEME LoodgEMmmdOLs
@5 13000350 mMd0L  2olioBxmdglgds©  30Ygbgdm Sharding—olbs o
930353006 gdbmemyoqdl. LobGgds 53059Mx0eqdL Fodmygbgdmar g3z9ws
A9J6031960  ©s  §MbJ30ombocr®  Fmmbmzbowrgdsl,  sTLMIB  gPMo©
dofgMmos  Bosmoo  boMolbmd®mogo  Bsbollosmgdgdo,  MMAMOOES
MBoROMbMYdS, M350 MdS s LOLHESGY.
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093035305 MOl 3OMmEgLo, MHMAol  OMLsg  dmbs3gdgdo
LobdHMboBoMEYds 9O, MO390 1YM39M0EIE M58EI60Tg LOMOIMOYM
b9M39MHDY. M93¢035300L EOML JNszs6 (primary) bg®3z9mHBY Rsfgobs o
30mbgol  ™m39M5309%0L  2obbmGmE0gwgds  89330dw0s,  LHMOIMOYM
1939609006 30 FbMEME 330MbIMdM.

93000353058 ©15996089 J0MO0MHO YO0 TbsMY A55BBOs:

e Jmbs399900L 300b30L  AoMTx MBS — BYMHZgOOL M1odEgb SLebys
393050053, 080960 s3MM300909E0 FYsMPD 930305 0bRMO 5300
39659 )© M9:50dd0 o300mb3s;

e Disaster Recovery — 36Mm0wgdol 56 9928060 Bsddomgdol ml
39230005 OMIgerodg bosmss®ogm (standby) bg®39M0 35J30Mmm doGOMS©
(primary) bg©3965:;

® 5056 5O by FoMM backup-9doLs s 0bgJLdOL MYMMYBODoEOOL QodMm
9mbs39905 35BOL 2obgegds 56 F9bgangds;

® 9300035 BgBHJO0 530353008 MbYBY 56 Bs6b.

Sharding &gdbmemyos  dmbosggdoms 05Bol  ©sbsHg3ztgdols  (database
partitioning) gOmg®mo bsbgs. Shard &g@3obo gHmo o 0sbols 3s@s®s bafowls
603bs3L, — FoMrobgaol d9939Mmd0» OO DBMAoL MBsMMS3 BBl 3gMBM
353003, LHOOR O 530w FoMM350 bofowrgdsc.

boP39bgds  sfiymdoos 4 Mg3crozs ULgBo, MmAgdoE FoMoby
A9Jbmemyo0m 0bsfoagdgb Mglm®LL  (Bob.4). Lobffsgerm Mgg0d80 gz9ws
bgM30L0 9O 333093 YMHDY 0ym 45939090 s FobLBZ3939dM 3MOEJODY
30500s. Mgome Jgdmnbggzsdo dmbamlb LgM3z0Lgdo 2983900 43593L
Lbgoalibgs bLyezaMbg.

005356 BgMz9MH b 39380600l 9350308 96 90038308 Jgdmnbzgzsdo
LoMOIMOYM 1YMZ9MGOO 5fymdl 5MPRG3690L s 0MPRI3L sboew primary bgG396MU.

93035 bgBHYool 5MHBg369330 IMbsFogmdl Fobolifo® goblisbrzmmwro
LgMH39MG00  —  IMBOGHMGdO.  SMVOGMO 96O  Tgo3ogb  IMIbTSMYdIJ ™S
06536353050, JoLO JOMSIMNO I60FBMEdSS 50Bg3690d0 bdol Bo39ds. 0¥
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Replica set-80 335430 oo om©qbmdols 3396d0, 35806 sGB0EHMOL ©ToEJd0m
300900 39630 M5mEgbmMdoL 93609dL, Gomsg 350930 bdsms 1ML
56B93690d0.

dglsdg 5300 09650 BES  J9IMEIOJo  15FgOE0bMm  LadLabmMol
399m{393900 ©o 250Mm30bEs  $IMEs6gd0  3MI30ME Mo  dgoMmEIdOL
3990myg9gbgdolismgzob.

»112%-0L  @ob3gBHRYMOL  sTMEBss, @odmogzwobml  y3zgumsbyg  Bowowro
393)9306M00L 35051 JO MO0l F9dmbgg3s 9gGH0IM0 99mdabgdgdol Loosb
5 2odL3gL oL 08 LOLHGOGM IHAIMYOOL BOOYSIL, MMIGELOE F9wdE0s
y439wsdg  LHOSxno  6gogoMgds.  sbgmo  s9m3obs  Lo3dom© Moo
395L5)Y39H05, M5YD A9TMIsbgdsms MOMIbMds BoMms® 893005, 53
LSO BoGWOE05do  FMFomdILMID  ghms  0f393L  ©OL3YEHRYMHOL
IVEOEMOSL,  69MZ30m@MdL s 9Jgb  Q9dMI0bsGg,  sELmGo
390050939301 93900L goBOHO MHosbgal.

BolHOIRML  dGI0POEOL  gomog30LvREgdoLy  @s  sbogw  FolvdsMNBY
dol3e0ob 153569 M EMHMOL SOEMEDBOL 45dM OL3YEGHBYMYOL bdoMow fg30
5650330350 2505(9Y39BH0Wwgdgd0L Jowgds.

©obL39BHRYIOODBOEO0L  QoMBXMDYBYdoL  FobBbom, Mbs  Fgoddbsls
30330939MHo bobEgdol dm@gmo GMmIgeoi Mmd0gdEGHIOo 4sdmm3gdols
Log3mA3zga By LoTMoEdSL FMY3:39aL, 9OHMOL FBGO3, odm3zwobogl Yz9wsby
35050 353 JaMOH00L 4500541 JO™dOL mbg d98mMb3z93900 (godmdabgdgodo),
dgmOgl IbM0g 30 9900l LHLHOIGM IHAIMYOOL Ol dMOYIWIdO, HMIGOO3
999096 s®B g0 9900b3g939d0L Y39 sy LHMsx FmaLobrMgdsls.

0605008  JgMBg30Lb  3MMmEglo  0fjygds  353096GH0L  glodgom
303030 BHFO0L  SWBsDMOOL  JodMMZWom. Y] 330G 0BSEGOOL
5¢B5MdS 3505005 (P > 0.5 ) 8m39999cw 9d00bg035D9 903D9360¢00 Lobfitogm
©bH3sMgd0lL  FobJobs  s@®  gobobogds MHMaMEOE 30RO POMOL
mabermgl 0b3gM3zoedo.
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0v) 99900b3930L 3mL30EHIWOBIFOOL HEIBIIMDS dSW0s (P < 0.5 )
Seam®omdo 39583590l LobMoRMm  EbTsMgdol  Bsbgobol  Fgloderm
5393909030l EOML s d0sfi30ol 58 06ZMMTo305L OL3YEGHRIML.

59 MMOL 8995¢gol 2530l 8999y, L35MIEMS, MHMT dOOYSS
396530 BWEYds.

Mbs 9500608bML, MHMI sSeamGomTo 0derg3zs BMEMEO  SEBSMNMIOL
LOEOYIOL S 5> EOMOL BMLE FMogEgdl. Jogdmwo M93magbs30s
©ob39GBgMBs MBS 25559MAML F5eMm© 3G OYIOL 9Jodmab.

353096¢0L  3mL30ESWoDsEool  9EdIMMdS,  0LY3g,  OMPMOEF
305bMgd0mO MM, MOLsE dMOYIS boBIXO3L 353096@DY, odMOMZEgds
oLgmo 935365 oBLYBOZOIO TMbs3gd900L  LsxMdl9W DY, OMAMOOES
05250mo@, 0b630©I6GHOL  FH030, 353090FH0L Sbs3o s Lgbo, BdGOYsOL
0653m®I0MGd0L, ©Jo0Mg00L, 5O DY Fobgwols @S A3Me30LwIREIGOOL
OHMIYDO0.

353096396 obstIx Mo  sBIMIMHO  OMOL  QoFMMZOL MY,
9600836903560 046905 36G08500L 2555R0W OOl Bs35M9EM M3, MOLSS
3omIOMBHO0DB300L BYMH30Lgd0 F03009dM. sOBYOYIEo BgMH30Lgd0 FmMmaz39dL
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ABSTRACT
Planning high availability data warehouse for
Emergency Response Center (“112”)

Dissertation thesis represents the problem of planning high availability data
center for Emergency Response Center (“112”). The data saving and processing
methods and technologies are discussed. As a result of critical analysis non-relational
approaches are chosen, particularly a document-oriented database (MongoDB).

Specifications of relational and non-relational databases are compared. The
class of objects is defined, for which the application of non-relational databases is
effective. Attention is focused on the issue of integrity of the distributed bases, the
ACID principles are discussed. On the base of document-oriented non-relational
database MongoDB main characteristics of base productivity are discussed.

The architecture of the critical system was worked out. That makes possible to
achieve data integrity, horizontal scaling and sufficiently high availability for the
problem. The MongoDB database is already successfully used by the Ministry of
Internal Affairs of Georgia at LEPL “112”.

Besides projecting of data center, it is important to perform the analyses and
processing of the data. Based on the analysis of the data obtained from co-operation

with "112", the study directions have been determined to solve real problems:
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e EMS brigade selecting. The aim of the task is improvement of brigade
distribution that results in selecting the ambulance car that is most proper for the
fastest responding. The general model of Artificial Neural Network was worked out
and the stages of problem solving were planned. Programming language Python
was used to perform extract, transform, load (ETL) and data preprocessing processes.
As a result the dataset structured for machine learning was received. On the next
stage the received dataset was analyzed by means of Python programming and Weka
toolbox. The anomaly cases that reflected negatively on machine learning results
were detected and corrected or eliminated. Currently the research is going on: the
machine learning methods are discussed and the results are compared. It is
noteworthy that this project was presented to the European Emergency Number
Association (EENA) conference on April 25-27, 2018 in Ljubljana (Slovenia).

e EMS case priority defining. Modeling EMS dispatching in flu-seasons. The
aim of the task is defining priority of cases according to their emergency level that
improves EMS service. Highly experienced medics were consulted for choosing the
factors describing the state of a patient objectively. The emergency level of each case
was estimated by an experienced doctor. Having in mind the possible clinical
complications of influenza cases, a special system for processing medical information
is worked out. The special parameters are chosen and their proper weights are
defined. An original system is applied to process case-card information and supply
dispatchers with its result — emergency level of each influenza case, as well as the
priority line of cases of the current set. The model set was formed using typical EMS
registered influenza cases gathered from the usual case-cards filled by operators of
Georgian Emergency and Operative Response Center. The special system of
converting medical information into the set of quantitative parameters is presented
in the thesis as well as the algorithms developed to compute the emergency index
of influenza cases. The research presented in this work shows that the accuracy of
revealing the most urgent cases by means of the applied algorithms is the same as
that of an experienced medic. The applied system makes it possible to reveal all cases
estimated as most urgent by the medic.

The automated system of EMS brigade dispatching should be considered as a
real help for dispatchers in flu-seasons.

This research was supported by Shota Rustaveli National Science Foundation
(SRNSF) [PhDF2016_219]. That gave me the possibility to hold 2 research visits in
Finland (University of Tampere) and Germany (Friedrich-Alexander University
Erlangen-Niirnberg) in 2017.

The fact that foreign colleagues are interested in this work can be explained

by the acuteness of the selected topic and its popularity among the informatics
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researchers. The first results of the research show that the project should be

continued. I am ready to work at it after finishing the dissertation.
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