UsgdsMmggeml 3gdbozm®o Mmbogg®lodgdo
b9wbsfigemol Mawadom

30MOY0 30305dY

3505¢00 i300mFs0Md0oL 3mbs3gdoms LoEsgol 3MMYJEHIdS WS YdYO

©sb3sM9d0L M39M5E0YE0 JsMMZ0L (396EMoLmzL (,,112%)

LoMJBHMOHM 3OHMYM5ds ,,06030HTE 03"
dogmo 0401

©MJAHMMOL 535009300 boGobbols Imbiadmggdws©

Podoggboro oligM@sgools

53 MmO 9gxuygds@Go

d0olo

2018 {gro



LodmPom GO gdME0s BoJsMMNZ9wMU 39dbo3me MboggMbo@g@do
0bx3mMTs3030Ls s JoMM30L LolE)IGOOL Go3MEEHIGHO

o300 93EMIoGH0DYdMwo LoLEgdgdol
(36HMyM53m0 0b650696M05) ©g3563HsdgbE0o

b9wddn3s69mo: 3G:mg. 05 LYIOYMEsdy

M9396B9gbGHY0:

©533% 39QY0d === Faools P R bsPBY

Logo®m39emlb 39d603mM0 6039MLoGHYEGHOL 06x3MEOTsEH030Ls s JosOMZ0L

LoLEGHYFJOOL  Bo3MBHYGHOL BoOLYOESE0M LOdFML  3megaool Lbmdsby,

doLsds®mo: 0175, mdoolo, 30bEegsol 77.

OoLYOES300L 453bMds G90dwgds LE¥)-b dOdWOMmMY35d0,

b 53GMOIBIOGHOLS - B39 GIEOL 3903390©DY

LoOoLYOGHo30M LodFML dE03560 3OHMA. M0BsMOD 350T5)M0



659Mmdol Bmso EIHILOS0IYdS

0930l 5gGwmoEH@dS. Lomd@GmeMm 65dMmIol “Gomswo (i3mdsmdols
dmbs399ms L3930l O3MMYJBHJOS 299 IIGE0 HTIMGOOL M3GMHOEGHOIWO
domm30L (396EMOLMZ0U (,112)“ GO gdTo boEIM9dMw 0465 Low®dolgryeo

33939, 3md0gdM @5 o9bse0BgdME 0dbs 1533wg3 3OMBYTs3 0356
5393006900 Lodgaboghm WO EIOSGHMOS Qo 5OLgdME0
395930(H0WYOIVO.  @IRMMZOEO  dIMEEOWIDS  yddygbgd e ogbs
3OOIMEIOI0 BTGl  Mm3gMoBHomwo  Fsmm30L  396GHHOLm30L
dmboigdms  LoEOgol  @I3MMYJBHJILS @S MG EO  3OMIHI9d0L
2905(1939¢0L F9m935H905d0. ,112“-80 9339 FoMdsEgdoom 30ygbgdo MongoDB
9dmbs39dms BB 935 G0sMS T30l LOLEBHIIOLMZOL. STSLMSD OO,
8000bs6y  36MHMmgdBHo  235J3L8  Imbs39dgdol  Lbgsalbgs  Lg®M396M9d0sb
MongoDB-80 0530myg6s, o3 8936000 IRO™ 55BdoM9dL o go5850GH0390L
9mbs399m5 565¢0BLS s LAHEOLE03MO sTw)To3905L.

LYOZONo  YOOPBIILYNBOL  sOJoGIIHYGOL  Bgdr8szgds
860936900™m3560 @530, 8060, (3650, Ls0BEHIMGLMS, o Loboo s o
dmbs39990L d93065bogon dslido.

Loobg®@sgom  BsdMmadol  9du3dgModgbG o  bsfowo  9dm3zbgds
39O IJOII0  EsbTsMgOol M3gMoEoo FsMm3zol 396G ,112%-0bmgzol
obgmo 3MMOMYINOO Bo3ombol goIxmdglgdsl, MrAMMOE 5MHOL LoliMogm
1599030bM MALEbMMYIOL dMINYSIOOL OL3YERIMODS30s.

39360960 Losbeng. 63O MIdo FomBmgbocos 9890 Losberggdo:

- 8mbs3g0ms M9ES(3009O0 Qo 36569E530MMO 05Hgd0l
dobolinsmgdEgdol 99aMgdol bogmdzgandg 9938539099 0s FoPIEO
P30momdol  8Jmbg  Bmboggdos  Lozegol  adMHmgdGHgdol
390MOMEMYO0S.

- 3600m9J@oL 2obLEbMM 309 gdEs© 499MmYgbgdmEos 3MOOBMbEIWMMO
DOEOL  IMmEIE0, Mg 0M3Wgds MbsIJOMMZg s  0bMZS30WE
doaMads. 50bodbemo  dmEgero  3eobbdmdl  0bgm®dsiool



0965b30-053853900LbM30L  LYMH39MGOOL  2ogMHM06IdOm  FoMIdYICO
9oOmosbo  MmOLOL  490mygbgdsl.  s©bodbmeo  dmgwrols
M306M5GJuMdS ol SOOL, OGMI  BsFoMHMOOLHTJOO, ToMEGH035© SOl
d9LodEgdgo  MYLYOLOL oG gds. dB939, 9Wbodbmwo FmEgErols
359myqbgdolsls, 3gdbozol sB0sbgdoligseb asdmfzgmemo bs®zgbgdo 56
5oL 3M03H03IWO S SPIOWSE OAMLFMMHGOSOS.

- 3606m9Jd@do  ghm-ghmo  yz9gwsbg  0bmgsgomdo  doamds  sMob
956H0baols o 930353008  B9dbmemyogdol  godmygbgds
35Jb035E MO BEBSOOWIOHMIOLS S HoMmBoMdOL Jobomg3s.

- 39005990900 Bs390E0bMm LEFLELOOL 45dm()393900L Aobs0BgdOL
09009290 99099053  0bmzo30Mmo  doamdgdo  sOLYdMEo
33 gdgdol ool FMgmo©: bgwmgbmmo  bgoOHmbamwo  Jugaols
3990myggbgdols  Jglodgdemdol  godm3zgbs  LolMsxzm  obTsMgdols
0605008 JgMbBg30L  53M(3BOLAZ0L S  SERMOHOMIGdOL  LobEgdol
999406s  LobHG®ORM  ©obTsMPOOL 498 dsbgdgdol  3M0MOOEYGHJOOL
396LsBEZMOL STIMEsbolmz0L.

b5dMmBsml  FoBsbo.  MsbsgO™M3g  Bgdbmemyogdol  Ladysemdo
06335300l Mol BsHowl 558056900l bz  3md30BHIOHIWO
A9d6035 Jabol. 0bxm®mdszool Bszso 00gbs LGRS 0BMYds, GMJ
boFomm bgds 0bxmEIs300l  ©sddsggdol  ™Mbsdgmmgg  Igmmgdols
dmdogds. olgm@o3ool doHsbos 0bxm®mdszools d9bsbgs-sdmdzqdol sbowo
A996mma0900L 259M 331935 S dgLsdsdoLo LYM39MMEO s 3OMAMSTMO
MBOHWB39egmRol 900MmEMEMyools Bsdmysmodgds.
b9YH39MMEO MYHOOHMB3IWYMRBOL Q9FIOMZILMB GO LoOlgHES30M
BodM™mdol  JoBbs  @solsbs 1120 oL3gEBIMIOOLZ0L  Fdsmdol
3995603905 5 oL3gEBIM0BI300L 3OMMEILOL godxmdgligds, GHOLMZOLSS
39900339005 MO0 MO MO0 3GIMOEYTs:
o LoljMogm  obdsMgdols  dMogasol  dgdBgzol  sBmisbs -
LolPOSBML  dHOPOOL 25930 RWIGOOLS S sboew  JoLsTSMNDBY



dolgerol  LO39MOMEO™  OMOL  AoTMMZEs.  FIYILOMSE,  DBaMOL
060305GHMOMB GIM0GMM0MEO© vobmglio mMeg30LwRsWO dOOYSIWS
LoEMdOL  om35¢olfobgdom 1 Lssmol b35¢Bgs, Lbgs 89dmbgg35Hg
3oLWo ¥M0YoS 30 890dgds 060E0sEHMOMOL FgBMdEs® 0ymb ©s 5
Pmodo  49m30bBWEgL.  3bsos,  OHMI  oL3YERIMODBSE00L
M33H0oOO  5MM3000 OME 0DMPGdS s BobsblmMo ;v
500530569960 Mgl OLOG.

e LobfMogm  obdsMgdol  gs8mdobgdgdol  3HomMmOoGIGIdOL
296LsBE3MOL 59M336s - 53550500 ,112“-80 3M0MMHOEJEHJd0 bobBOE sGOL
3obLsBOZOMO  0b30IBGHOL  BH03g00L  39B9PMEOJOOL @S MO
000MJ o dgdmbggzol 3mb3Mg@Emo  dobsliosmgdergdols boddodols
dobggzom. 3030l Losmgddo ,112°-do 998mol  ghmo ©s 00539
36M0mO0GIAHOL  FJmby  smmdom  LodgoEobm  Lyddg,  OMIgEms
©oL39GBIO0BIEO0L MOROMMBOL FoBLILEDBZMS® ©OL3YGHRIOL MF9aL
oo Lsmomsm 99gdm(jdgds s J9goMmgds, o3 ©OE doerolbdgzsls
dmombmgal 35906, Hmgbsg §o9900 25003FY393)05. BoQOE0MO®, {MH0O30L
LgbBMbMOO 930©gdool EOHML godmdobgdgdo SMLYIM dM0YSYIOM
3905609000 89365 9E05 s BA0MS JMMO S 03539 3M0MOOEGIGHOL

<

(,,00905¢0%, ,BodMsEM® b ,,35050") AJMbg SmMdO® ,,B5TM300YOMEO’

15989 9 ™MEYdS M930LwYRI dOOYIWSL.

©3LObeo  FoBBOL FoLoEfgz39 9300 gd9w0s F9dIA0 JOMHOMOWO
59m 356900l gosfy39d)s:

e  3dmbs3gdoms MY S(3009M0 Qo NON O A ETory (010 05Hg00L
dobolinsmgdEgdol 89090Mgd0L BogwydzguHg bs A9boLIBOZO™L 0d
50m3sbsms  3sbgdo, OMIWIGOOLM30Ls3  9BIJBH09b0sS  MomMgmEo
o060l 459myqbgds.

o bowobol  Lomywmdzgbg  Mbs  Fgo@Bglb  Ambsgdos  dsbo
39O IJOII0  EobTsMGOOL  M39M0GHOMEo FoOM30L  (39bGHG ,112%-
olbomgob.



mbo  99999do3ql  300GH03MEo  LoLEgIol  0bRMILEHMMIEOS,
OIgbsg 9946905 59mEsbols Iglodsdolio bLoodgEMmmds, §3MI>MdS
PotBomdo.

3999090 1YIgEOEEbMm  LEALIbMMOL  godm393900L  b5EOBOL
boxzdzgedg  asdmzggboo  s3mEsbgdobmzgols  Bsdmyserodgls
363093 Mmo  1o33eg30 0O gdGd0 O AIBOLEBEOZIMHMUL
36HMdE9gIoL 450 FMHOL 9393900.

LobOsxm ©abIs®xdol dMOYsOL 8gMBgzoL s3mEsbolmgols 9goddbal
bgwm3bm®o bgommbmmo Jugerols Dmgso dm@geo, 2sbolsbrgzmml
ol J98535c00  356539BHM900, 53 F90dwgds, 39300030  5dMBbgl
Lobfoxgml d6M0odool 80ge  353096@™ob  @obstrx M LogsMorom
OMLMO.

3999985309L 95649600 oLHogwolimzol BoFoMmm LGMYIEHM@MOL dJmby
dmbs39dms 309dMo.

39965¢0BgL F0gdmEo 8mbszgdms 3M9OMWO s MJIJEHOMGOME
04656 obgmo 9bmIsgromEo 89dm393900, o3 dgzmdsdo Fgoy3zsbL
95649660 @olfogeol  3MmiEgll. 2obolsbezmml 33930l
393039900l 9990 §3939d0.

LoLHOsxm obds®mgdols 3o8mdsbgdgdols 3MoMmMoEgBJOoL JobLsBL3MOL
50m3obologols Mbs dgoeBal LobBHYTs 396M5gEBHMYOOLS, OMIIdO3
3960LsBO3MNds  godmdobgdol  8080gdo  M3gMOGMMGdOOL o9
5330745065390 0bBMMT>300L s65¢P0BOl FggYS®.

SMBgM  356599BM90L bs dogboFml 4903390 [mbgdo dsmo
RIOOMOIOMO 3¢0bolzMeo 3609369m36900L dobgz0m. 356539EMd0
@5 oo §mbgdo mbs d906MRgL dgoEobols bbgossbbgs begMmdo
93998539 39930 940093056 3mbLYIEE5309d0l Bogwmdzgwby.
Poboliffot goblobrgtrmmo LsdgoEobm 0bxgm®dszool Logmdzgu by
mbo 8904absl  seamMomdgdol LobEgds MomMmgmEro Bsdgoobm

09000b3930L 45009193 MdOL 0bgJLoLs S MBOL odmbisgergbs.



o Lobfogerm  ImEgeol  99dmbzn390Dg  F9EIMHIL  SMOHOMTGO0M
3900m3w0o 990093900 9Jodol 99535193900056.

330930l Mmd309dBHo ©s 99mmEIdo. dmwm smfjergedo dmbsggdoms d5HgdoL
3smm30L LoLEBHIYOO 3005MEIOMES M5dEY60Tg B0>MMIGdI0m. FMOZ5M0

04m M9ws30Mo 35Hgool, MmMmAMmOE MIMs3glo dsMm30L Lsobym®mdszom
LobGHYdgool  doMomso  3mI3MbgbGHOL  LMMEgmes  IFomBMmgdMEOHMIOL
035 LOBOOLOM. 3005MYIMES IMNbM3Z6700L 3953900l M3EH0T0BsEGOOL
SEMMH0mTIY0. FgmMg 0O gds 5bs NoSQL (,00509cs30m™Mo” 56
»905 MM OHYs30MH0%) B30l dsBYdol Jo®m30L LoliEgdgdols dgddbs s
LOMEYMBS, A9BLS3MMMYIO0® ,,0E TMb3)0MS" OLETMT300ws©, Lo
930 MYO0  d5DYd0  9M99RIJBHIO0s, domo Join s b3y Ggwsgom®o
3965309000  3BOHOMGOOL  ©sdFs3900L 3MHMEgLOL OEO MOl  odMm.
S1gm0s 3MOH3MG5(309830 M3MIIDEHYOOL ILAMTs3909e0 LobB)dgdo. dglisdy
803500 gds gbgds 2MRM0 dsBYdOL Jqdadbols s 49B30msMGdSL. dmEMU,
d90dgds 35bLgbMom Fmbozgdms 35HgdoL JoMM30L 303M0wo Lolidgdgdo,
boo3 063H9M0MmEIds  Mgws30Mmo, NoSQL-ob s aMsgmeo  dsHgdols
3M639%1330900. 439s 3035MHMWGdS 9GS IOH0S S MHMIJE0 3HO30L BBl
5060Bg3l  dmIbToGmgdgo,  ©HIM30EYINNW0s  FsOM30L  LEOBbZMMTsz0M
LobB9gdob 30b63M9G I FoBbYdLS s FMbI3090DY.

olgo 09©d0gz5 THosME Bmbsizgdms LoEsgdos 30, MMaMmOmOoE  993L
3OOOMOIOJI0  IBTMGOOL  M3gMOBOMo  FoGm30L 39636  ,112%-,
2bgd30Mmb06M700L 6 §9offodo xIO 96 IYMHMZ0s Foblis3 MmO OO
509bMdol  dmbs39d900, Boa®moed 5dol d0bgsgz5, BMbsigdms BsBoL
©33M9dBgdoLOL 33900 boM3zgbgdo Imbs39dgdol BOILME ghmso
WROM S MBOM 0BGl Ms3L. Mo 3OHMdEGINd0 50dmMBbEYds 3093 6 Herol
39900927 LOEOLYOESE0M BsFOMIOL BoMYWGOTO FoWIMPIOIIO EOIHTSMGdOL
M39M5GH0Mwo 35OHM30L 39bGHOOLMZ0L FgoMBs SMIMYO30MMmO FMbozgdms
0519090l 9MH0-9gMH M0 Y39w9bY 393039 gdwo FoMdmoy9gbgecro MongoDB.



0900 89093900L 9Ju39H0TIBEHWO BGo0DI305 bmME0gEEYds
39IMEIOII0  IHTMYOOL  Mm39MOGHOwo  Foem3ol 3966  ,1127-0b
Mgo®  59m39690%g. 9Ju3gM0gbGHM  Bofogdo  493mygbgdmeos
30 M5d0MgdoL gbs Python.

330930L  doMOoMIEo  09gag00 ©s  399ag00L  33dmygbgdol  LgggMem.

©obgOES300L 89990l 543 3GMOdBHO3Mwo  VoMYdMgds.  Fgddboero
dmboggdoms  Lo3ogol  2odmygbgds  BoBsbdghmbocros ,112“-0l  Lbgsolibgs

1939609006 06FMEOT300L Mo3dMYMOLMZ0L, LEGHSGOLEHOIOL, sbsEr0E030LS
s bbgs 53m356980Lm30L.

99b3960896¢ e bsfoewdo  dgddboero  LoliEgdol  gedmygbgdoo
009G ©0bEads  AM03oL  Fgdmbggzoms  BmBLobmEgdol  Moyo
0000MJ)0 5060l 4909 J0™dol Mbol dobgzom, - s0bodbmwo
50 mIgdol Bodomgdom godmzmobos y3zgws 999mbzgazs, MHMIWGd0;
3903035 940335 459 IOMBOL oSO EMbOom FJoRsls.

99b3960396¢ M Bsfoemdo  sefigBowo  0bmgsgom®o  doymdgdo
990dgds  250mygbgd e  0dbsl MgoE Mo 3MMIGIgOOL  A9oLOFMHYO®
LoLHOIRM  EbTsMGdOL OL3YEHRIMODs3ooL LBgM™mdo. Bgdmm s©0bodbmeo
36dgdgdol 290509393 ©59bdoM9dS »112%-0l ©ob39gBHROL
3°05(Y39GH0wgdol  Jowgdsdo s 89s5930M90L  oL3gGHRIMOL  MYor0cMdOL
QOMU.

39OMPOIOJI0  bTsMGdOL  M3gMsGH0wo  oMmzol  39bGHGo ,112¢
dBs 9M0OL, godMm0oYygbml bgwwmzbmEmo 0b@gwgddHo d0Bbgl  3OMELYOOL
M33H030Bs300bM30L8 s LOMWOSE  FMP3PEML  5653mbR0IbE0sW GO
G030L dmbs399900, G Bo3doM0olo 0gbgds 33093900l 2obLEBMEMEF0YJIWS.
33093990l ol gdol 9909y ©o0fiygds  obgkazol  3MmEgLo,
99LolEOIMEgdgEo  Lsdwdoml  AsldES0MMMBOEIL  godmdobstyg, ,112%-msb
05658960 MMds  30Mm9d@ol  ILOMEgdol 890953 oM gds. s1g39,
293039 9ds 056589 MIMdS Logo®mggeomls &99603796
MB039MLOGHYEHM05E, B0 Abgogl sdm39690Bg 3mFomds 360d3bgermzbo



©o9bdoegds  Big Data  gdbmermyogdols o  3sbdobmeo  sbfsgerol
90850091 g3900L 2563056 5dsL MB03gOLOEIALS S BW0BSW, J399sbsTo.

653H@Aol ImEgMeErmds ©s BGHOYIGHOs: obgHhGHoEool LOo Jmaremds
0950096 153 65093 339M©L; gagds MHBomAgL (6 9bsbyg), LoBggzol,
d9L530L, MMbBO M130L S L3ZZBOLYSD. sbEsgl 36 bsbobo, 16 bW s

63 4590996900 oYM OEMOL Los.

6580l 530Md305: OLYMEHOEOOL JOMOMIEO F0bssMLO FmMmblighgdwyero oym
063m®TsBHozols @  FoMm30L  LoLBHYIGOOL  BoO3MWEHIGHOL  ,d9OMZ0L
933MI5G0BYdMwo  LolEBgdgdol  (3MMAMTMEo  0bgobgM0s)“  3megrool
L599360gMHM LgdobsGdOL LbEMdYd by, s1939:
® 350930l Imms OHMLMIZgol Lobgwdfogm MboggdLo@g@ol 80 Herol
09900 qlsdo d0de3bow LBEHWMIbEMs LogHMsdmGolicm BsdgaboghHm
3Mmbx9M9b30s, dommdo, 25-27 ULgdd. 2015 §., dsmmdol  Fmoms
G MLm39ol bobgardfogm MbogzgdlLo@gdo;
o IV Logmmsdm®obem  bsdgaboghm  3mbggmabgos  ,3m3309EH0byo/
0653353039, 3obsmgdol 3936096M909d0”, MdoEoLO, 1-3 mdd)., 2016;
e VII  Ub5ghomosdm®olbem  bsdgaboghHm-30oddozmne  3mbxgemgbios
»0039MbgBH0 s LEBMYSEMYds“, INSO-2017, 7-8 03¢0olo, 53.§9Mg0meol
Lob. 996039MLoGH9GH0, Jmmsolo. 2015;
o 35339696  Mbo3adLoGYBHOL  0bBMmMIsG030L  33wgzomo  (396GHMOL
19d0bs0MgdBY, s3HOW0-3s0b0, 2017 §., 3983969, Bobgmo.
o  9OHWSbR9b-60MMbdgMAOl  MboggMlo@Gol  Bmbsgdms  dongoL
139309 3H9GHoL bgdobs®gdbyg, bmgddg®mo, 2017 §., gee0sbygbo, gMdsbos.
*  9360m30L LogobagdMm bMIMOL SumEos3z00l EENA (European Emergency
Number Association) 3mbgg®gbgostg, 2018 (ool 25-27 s3Mol,

0056590 (Lermggbos)



o 3MOmBLMEO  30bLEGHBGHOBY  399350doL  odsEgdol 90 Herob
09900 qlsdo dodmzbowo Lsdg360gmm 3mbxgM9gbEos. Mdowolo, 28
dsobo, 2018 fgo.

3190¢003530900: oLYOGHSE00L J0MOMOEO F)YR00 259md399b9gdeos 7
Lo 36096H™ Bsd6addo, OIOBTGION BoBmbomgzoeros dmyg5600s

©oLYOES300L S 53BMMIBIOSEGHOL dMWMU.
obgMES300L Im3g dobssMlo

659G>:m30l 3039w 05380 FoM3m©gboos dmbszgdoms MHYEsE0MO ©s
3M5MH9530M0 d5HJOOL obolinsmgdEgdol J9sMgds, 4obLoBO3GEos 0d
®309d3Hgool  3asbo, I 9d0Lm30L53 995399305605 dmbs39dmo
3569 530IM0 d5DYdOL Qodmygbgds.

51939, dobbowmos Hadoop 3wsmamds, MHobo 89939mdoma 89230305

dmbs399ms LoEeg0L FoMdomdols 3603369 m3bs gorgdx mdgLds.

809mbomos 3564560 slifogerolis @s dobo §39-8085M:0¥)egd9d0L
&99bmema0qdo0. 3obbomos Python 36HMyM53069d0l 96ob
dsbolinsmgdEgdo.

NoSQL 8080bs69mds  30m3mms®mvmo  gobes Google Big Table o
Amazon DynamoDB (Key-Value storage) 3335600l 3600@0v)J¢9oolb 459mbigerols
3909p. ™6039 3335605 NoSQL-ob BsFoMmqdsdg MgwsEom®o dsHbgdol
36MHMdEgdgdds  800yzsbs, @@l 30 339 200-Bg dgBHo  Lbgoslbgs
36569530 M0 IMbo3gdms dsBss (3bmdogro.

dmbs3gdms  9MMYES30H  35Hgddo  0bobgds  Mlidgdm  Imbs3gdgdo,
50030005 o0 OX YRS (clustering), godmoMbBg3s oo LOLHGIZOm
53563H0390L 59 3560L Q5O FMOL.

dmbsi3gdms M s30M d5Hsdo 0bBMMTsi300L 396 93030 Fobslifo®
Bo3MYo0dgdmEo LEAHMYIBHWOOL F5M9dg. SMMIWSE0H dsBYddo ALS3LO
36MHMdEgds 56 93593, — 69d0LBogMO Lobom Fga30dwo0s 0bxM®Is300L 8g3)sbs
gb®owdo, s3oLm30L  3bOOOL  (obslfo® Fqddbsg 3o 9GS LoFoMm.

10



d0bgo35 5933900 o30LwREIGOOLY, A9M3ZgMo Bgdol @s33s F50b
LolM39e0s, 890aMd 0bBMMTS300L FoROEEHZMS HMT 56 oMM IEIL.

69306  dmgedo dmbs399900  s0lsbgds  gemo  LEGHOYIGHMGom,
5303530580 30 2s8m0ygqbgds LOMEos@ AobLb39390Imo Lobom. 333505,
dmbs3gdms  LEGHMIBHMOS, MMmIgwog HoM3m@ygboos Bmbsgdms dsBsdo,
BB MEOOE 296Lb3530090s M39MoE0M dgblogmgdsdo dolo dglsdsdolo
LEAHOIGHOOBOYID, HMIGELoE F90R™MA 0YgbgdL 530353E0s.

dmbs399ms ©3M853900L 3MM39L30 B3TOMP OO O™ s MYLMOLO
90dmds  Lbgoolibgs  3bM0Egd0sb  dMbs3gdgdol  fogombgsl, oo
3990056935l 53¢035300bM30L  LyFoOHm  MmdogdBHdo (Join), dowgdMO
®d09gHoL ©s32985399L, gy 30 FJRIROE Forgdwo 85390
009dGHoL IOl O (33090900l Q9bMagLgdsls Fglsdsdol 3bGMOwgddo.
dmbs399ms Mgas30e d5Hgddo BmyogHmo LEMWJEHMOL Homdmlowygbs
3300938 9mbs39d9d0ms @O 3MMYMHTom  3EBLILYIMZgO  Bsb030MYdS
(Bob.1).

1D: 1001 __-""'\ 833900900
ﬂr\ﬂbﬂb&gﬁmﬂ;ﬁs——.—____-_‘
SMHmnghodo
0321293533 | 2 | s48 | s96 dmdbdamydegbo
0321601912 | 1 | 39 | s39
—
0131495054 | 1 551‘ $51 SOHMOTIGJ00
|
3500b0b GBS
Card: Amex o
CC Number: 12345
expiry: 04/2001 \
S
\ LszMnoodm Bafhsondo

Bsb. 1 565093309900 ©5 BYEs30M0 dMbs3gdoms dsBgdol
LEHOYIBHMOHId0L 89s6gds



dmbs390ms 9GO 30M BIDBJIL, MYSE0MMMID FgsMgdom, o3l
LEOMWosE  JobLL3ZE390Mo  ImEIWo. ©M3MIPGHDBY  MmOH0gbEH0MYOMEO
NoSQL 85%900 8tmbs399938L 0bsbogls JSON (JavaScript Object Notation) gem&ds@do,
doM0mMOEs© 03 Lobom, MMAgElsg Foowgdl 53e035305. ol Fgodergds
390393098 MgWo3oMo  ImEIwol  Ms8gbody  FbMOEIL  A9©sd0
30090 068306HT5305L 9O ©M3IgbETo/Mmdog]Gdo, Mo3 MHBOMblgwymal
Bo0905/Ho30mb30l m396530930L HotrBomdol qomdxmdgligdsls (bsb.1).

0653060 1d9dgdol dmgeo LodMsEgdsls 335d¢g3L, 09MscMJowo
393006980 @  Govro  LEGHO®WJGHOgd0 9950900 35MGH035©
Potdmgoa0bmom.

Lol®39e0s, 239B0MEIL OMYMEOF MHJWSE0MOO0, 1939 SMIMILSF0YOO
d5Bgool  3M0b303900 s 3MB3MYGHMEo  sdmEsbobmzgol  dgzsMmBomm
Lobm@zgaro  LobGYds.  @EbGMogw  1-8o0 dmEgdNMos  MYESEONE  ©d
556953096 dmbs399mo 0590030l d9L5d530b 5dm3sboms
dobolinsmgdEgdol 2s6lbgs3980L s0fgms.

3B0. 1. ®gas30MMo s 3MMYS30YMHOo 3mbo3gdms dsBYdOL
50m3565ms 3eslsgdols 9gs®gds

o Jmbs399m5 LoEO3L MBS FgqdEomls 2oblis3mMmEmgdom
NoSQL QQOEO AH30MHM30L 459353905

e BM36%5g30900 doM0mMI©s© OLAP Lobobss

e 330MJ05 L3530, OMIOL J5630MdS3
3OH0BMbEo MGy LsFo®m (horizontal scale)

o 09) LLYYM3Z39E0s LOTSMEH039, HIero SQL Jmmbmabgdols

3960999

o 9mbo399ms LoEO3L MBS Fggdeml S1939 OO
AH306MmM30L 45930053905, Boa5d BHMbBod30900 OO0 I©
OLTP Lsbobos

e 330005 FoOH3omds MBOM IH39How S M
LOOIIOTOPY
o 099 33060905 SQL gbol 359mygbgds

RDBMS
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NoSQL 35%98d0 dmbsigdgdool 8965630l 4 doM0050 3030 sOLgdMA:

1. Key-Value Store — 543l oo 390 bOHowo A5LoMgdgdols s 500
360083690 ™d900Lsm30L. 8mbs3999dDg 3™Bs 2399436 306M39E@O FOBOMYOOL
(Primary Key) go8myggbgdom. (dogocwoms, Riak, Amazon S3 [Dynamo],
Redis...);

2. Document-based Store - 0bsbogly 050040960 9er9d96¢gdoLasb (tagged
elements) 99090 ©®3MII6EIOL. 53 GHo30L dmbozgdms dsBgolb JOIN
M39M5GHMOoL  FboMIEsFYMS 56 5d30. EFBOOWIGOOL  A9dFOL/Q59Mm 056900
WMP03d 930353008  dbBsIGL  SM0L  oLOFIMO.  LsBogoghm, ™d0g]E by
M6095GH0MgdMWo  53e035300LM30L  Jo0sh  JoMBH0305 Bmgwo  LsFoGmm
063m®ds300L 9O ©M396EBH0IL  sTMmPYds.  (Bogswoms, MongoDB,
CouchDB...);

3. Column-based Store - dgblogMgdol MmomMmgmwo dwmzo 0bsbogl
dbmEm© 960 B39EOL 06RMOTs300L, MO 09369 ST5MGH039OL SZMIRIGIWO
1bJzogool (MIN, SUM, AVG, COUNT...) 9b6xmeqdsl. 53 ¢odol dmbsigdoms
059900 333 bOHONH LEHOMIEBHOL 09gbgdgb, Bogsd JOIN Mm3gMo@MmMOL
dboM©oFIMS 56O 5g30m. EbOOWGOOL  A9dIOL/PogMH05bgdOL  rMy03s
5300035300l Fbo®gls 56MH0L aLHgOO. (Fsgowoms, HBase, Cassandra);

4. Graph-based-Julgr@o GHodol dmbsgdms 0sBs, MHmIgerog 0ygbgdl
odmadlsy s 3396090l mboi3gdgdol  dglsbobo o FoMdmboygbo.
355oms, Neo4.

99b3bgbEos MM 39BOOWwo 509bmdOL 9mbs3999d0L
538539056 LEOMEE0sE 2oblb3s39do LoLBHITs LF0MEIdS sG> TBMEOME
MIX3G0YO0 QS 3MIMY30YOHO0 d5HYOOL MBYHY, 9M5Tg 03 LyM39HIO
504oGH9dGHmMOol mbgbyg, Loss 3999690 dMbs3gdms 35HYOL. WgoLlm30L
L599399LM  oBMLOZIWo  I3MMgd®s Apache Software Foundation-dy,
Lobgeroo Hadoop.
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Hadoop 93mLol@gdsdo  ULbgosbbgs  30Mm©md@os  gogmomosbgdmeo,
006H™M350 30 LYFo JoMOMIO 3MA3MbYBEHO 593l (bsb.2):

HDFS (Hadoop Distributed File System) - gobsfoergdmeo gsomo®o
Lobds Ambszgdgdol dglsbsbo

Map Reduce - 9053500 3m33mbgb@Go 25bsfowgdmmo 4s8mmgzwrgdols
BoLOEOMYOS©

YARN (Yet Another Resource Negotiator) - 65{oggdremo gotgdml
omM3.

3bLoLEBHIBEGHOMOdOLmM30l Hadoop gsoww®o bobgds ,Shared Nothing®
99l 094gbgdl, o3 gMEeolbdmdl, 560Jo@gdBIMsl, Lossg JwsbiGg@do
09053500 33560980 965690 Ls6 OIS MM3009dEsE FTFomdIb.
LogPomm  OHgbELOL  sOJmbs  B0odbsgL, ®mA  3356d900L  gOMbgM6
MON09OHJd99gds 3060399959095 ©Y395600 s FGLodsA0LSE, SV 43593
“Bottleneck” (dmomeol 8930(6H™390wwo  g4gwol) 3OMmdwgds. s0bodbyero
9o 33593l 3mOO0BMbGHIWOHO  BOHOL  Momddob  MErodo@m
99L5dGOMBS.

Pig 2
© Hive S
3 00537020226 F30m0 =
s
< HBase ©
s 2 9mby(3)0)d0L H D FS C ndr: 2
U ,? 9760030 ax0oFomydgeno gaomydo assa 2 a-) Lg
& bob®q0 €
g 5 B T ety 1
= “? 300gommoba- M a p Red u Ce Lucene -92 =
3 o, go> 390250330 390mm3m30 Hama o ©
T BJbchrgmgdo 3 2
8 32030mM)dd Crunch N g
kel
S 2 Avro 5
€ 0mbo30mS 2362F0m)dmo 20Mmxamb < —
8 © bLYGHOIMODIFOD Dohmgo Thrift ‘xa
o i E
S 00 Drill £
262mobo Mahout <

Java Virtual Machine

m3ghogoymmo bob¢jds (RedHat, Ubuntu, Windows)
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Bob. 2 Hadoop 93mbobigds

dgmMg 05300 25000M3990s  OLYMHESE05A0  ABbOWIEO  MgMEOO
b530bgdoL  3M0JBHOIMNWO  BGo0DYds.  YMMOMIOS  godob30egdNIC0s
3obofogdmeo  35Hgdol  dmbsi3gdms  dmeosbmdol (Data Integrity) o
G®96bog3osms  0bBMWoMmgdol ©mbggdbg (Transaction Isolation Levels).
aoboboergds ACID (Atomicity, Consistency, Isolation, Durability) 36G06303g%0.

dmbs3gdms  ©M3MAGbEH—-mM09BbGHOMGOMO,  9MEMGIS30EM0  dsDol
MongoDB Ubogd3ganbg gobobogds 35Bols 8(o00mgdem®mdol doMomowo
3obolosmMYdE00 s SMHIM00s LoLEHYIOL gods®rm30l 9Es39do.

04056 259m80botg, O™ dcmem Fergddo 94udmbgbigoseMo 0BM©gds
3M5LGHOMIBHIOH0M9dIMWO dmbs399900L 509bMds, 3603037 dS©
3600936903560 bgds 0bxzm®dszool 9gbsbgol LE®mo@ga0gdol 99dwgdsggds.
59m3sbols  Igbodsdolo  dmbs3gdgdols dgbsbgols  (Storage) o  3mBLOLENE-
GOmdoL  (Consistensy) 9m©qergdo  sMOL  4oLogdo  0dobs, v OMYME

dm35Mmm  dmbszgdms  Lozogol 0bxz®abGHOMIGHes Y356
dmmbm3zbgdL.

dombgogo  0dols,  Mmd  NoSQL  808560mwwqdol  5dGHome
396300560905%g 393 Y39wgdL dmem emgddo dgddbowro  150-%Bg dg@o
Lbbgoolibgs 0By, 35063 96 046905 LHimEo odol mdds, GMI MgEsEoweO
059900  oOLEml  Bodo®ms.  FMIZWOE  9M0L  sFmEsbgdo,  HMIGEm
3900509393 0bm30L 03 s 0lY3 CYWSEOYIMO B5BYOO GOl LsodgEM, MBOM
39303, 0936005 0bgMO SIMFIBY, HMIGOO3 MYEIFOYOO d3HJOOL FotTdg 396
3o©{jggdo.

0560505,  J9R300005  3MIMIWO30MM  39Hgddo BogMmm  olgmo
WM035, OMIgGoE LOWWIE 93059mB0wgdl ACID dmmbmzbgdls, dsasd
39033900 B30l 9999y dow0sb MMM gds dmbs3999d0L dmges o
3OMAM0Mo  MBOWb3gwymmgs. sy OHmd, oo  bobEgdgdol
©53360M9JBH9dwgdl  Mbs  gldmEgm  OMAMOE  OgWwsEomeo,  sl939
3569 530M0 35HYd0L 360BE03900 S 3Mb3MYEMWO STMEsbols Bobggzom
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506Mbomb  Jglodsdolo dmboggdoms BB, 9Lg39, FSLIMZoEoLFobgdgwos ol
239dBHoE, M, OmamO3  Jqbo, dmbsgdms  LoEeggddo NoSQL  3sHgdo
M33H030D0o6MdMos OLAP s 565 OLTP 8mmbmgbgdbyg. 99Lsdsdobo, o
36Md005, HMA 5835608 J0BbJd0IL 259MBEObsGY, MBEOM bJoMmsw Tmzwyg
@5 AbBYJo BHEMEBII30900L 259mygbgds 04690 LyFoMmm, 4oHY39GMgdOL
doLoMgds© by  AOBOLIBEIOML,  MdEIbs  9BIIEHMIOO 04690
AGOOOEOMEO  MHIWHE0MO0 d5DJOoL Bo33ws©  9MIMYI30OO  BIBYOOL
3990y9bgdas.

503965©, MIWHEOMO0 @O  SMMYES30IO0  FMbs3gdms  B3BYdOL
3990mygbgds  05bsd9MmMm3g LsobgmMIszom  LoLEGHYIGOOL  sbsRgds©, 30 56
39960 3bog9b, 505890 5319096 gOHNTSbgMU.

dmbsi3gdms  d3BsLMD  gPNOHMMO©  ®5dgbodg  IMIbIsMGdOL
30dsMmmM30L5L  9OBYdIMBOL 0dol FglodErgdeMds, MHMA gMMo dMmIbIsMGOOL
doge  JgLEIMEgdMo  33¢0Eg0g00  HBgmddggdsl  Bmobgbl  Lbgs
dmdbocmgdeols 3domdols 30m3glbyg. bsdMmddo godmzargboos ®sd9body
3936039930 3OMOETs S F9IMJIMwo Bb3gsslbgs LobEndgddo dsmo
39005 3M0l d900MEY00:

390 29bsbemgdoms  3MMdgds  (the lost update problem).
©dMb3935ms  3MIMOEGIGIOL  M35eLoBOBM  Lobgs  Mmbsob  oxs38bol
LobG9ds, HMEILSE 2 FMIBTsMYOIO JOPEOMMWSE X93d60L Moz30LMGsW
Bmdgol s mGm0ogzg domyobo sM)dMbgdmos, GMmI bmdgmo LHmMgo b
Qox530bs.

dg30mdomo  ffogombgs (dirty reads) begds 95306, Hm@gbsg 9Mo
A®56Dog305 3000bMEMmdl 0d IMbs3g990L, Mog BMLEIE 00539 POML 033 gds
d9mMg  GHMBBsJzool  dogh. 3bsos, M Tgmeg  GHOBDoJz0s M3
©0MHMBYds,  30M39¢  ImdbToGdgwl 339  Hozombywo,  sMslfimMo
065335305 IMBGdS.

5M539639mEMgdso  ffogombgs (nonrepeatable read). 53 3GMdIsL
350149000 08 890mbgzg3580, OMmEILsE J0dEObIMY EHMBDIJ30s 9OHdDLS o
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00539 9mbo39990L  Fgurmemgdols  bbgoolbgs  9@s390bg  ModgbxgMdy
300bMEmdl.  (o3ombgqadl  dmEol  FMowgdo oy Lbgs  GHMabBogdzos
9mbs39999d0 (330 gdsl Tgo@obls, 306390 GHMIBEDo300L Boge bbgsolibgs
©OML 53MGdMo JmbsEg8g00 JMMbgmMOL 0EIBEGHMMO 506 04bgds.

dmB396900m0 ffo3ombgzol (phantom read) 3G:Mmdgds 3b309ds, 149 GOMO
A®M36Bod300l  2960530mdsdo  ghmo s 03039 ImmMbmzbs ®sdgbyxgMadg
903905 s dgmeg dmmbm3zbol d9gado a3b3wgds obgmo Bsbs)gMgdo, Mo3E 56
33Jmbs 306390 Immbmzgbol @OML. i 3OMBEGTs  SMOYIBIGMEOGOIO
300bg0L 36MMdEgdol Abs3Los, 08 goblbgeggdom, MmA (33owgds 990l
B65(96900l Brom©9bmdgddos.

50 Godob  yzgwo  3MMIWYIoL  4ooFMs  bmME0gwgds  B39G30L
99gobobdgdom»  (locking  mechanisms)  GmIgdog  MHOMBIgYMAL
9dmdbocmgdgdols s GHGMbBoJ30900L gOmTsbgmologsb 0bmmomgdsl. sy
36HMyM530LGHIOL BoFoMHM (330l FobLobmEME0gEgdMI Bs39339d0L doG30l
L5390 LoLE9dgdoL F9dm@sbs BLFoMEIdMPIM, FogMsd ML Bs3gBH3gd0L
3oOmmM35L INE0sbs IMbs3gdms BsHgdOL FomM30L LoEgds SbmEmEF0gENOL.
53950 2565begdsms  3OMMDEGIIL 39b53gMMzg IMbs3gdms  33BYdOL
dsmm30L  Lo@gdgdo  Hogoombgols  @s  BofigMol  Bs3933900L  FsMN300
SHMEO(30909dL. bbgs Tgloderm 36Mdgdgdol 4oolsfyzgdew B396 M3 m©
3963L5BM3M9300 LoFoOH™m 0BMEsEool Embgl 00 ™mmbo  LEBIOEGMWwO
©Mb0sh, MHMIgdLsE 990l 1992 Fewols SQL LEH9bIMEHO. o330l Mmmbo
bbgo@olb3s BEBHIBPIOEHOL sOLYGDdMDS ©535300609d0s 08 BogdESD, HMD Mo
WROM dE0gHos (335 (Ao0sos 0BMWSE00L MBY) Bom MBOM BSOS
dmgdggdol bLobfitexq:

* Read uncommitted mbg 56 MHBOHMb39ymxL 3358 00 ITMbZgz5ms
36MHMdEgIgd0oLosb, MMIwgdog gobgzobowgm, dopa®ed  MHOMB3gWYmaL
dmddggool dogdlods® LoLHMoxgl, MO0 0BmWszool 53 EMmbgdo 6
bgds dmmbmgbowo dmbs3gdgdol dermzomgds (lock). 3bsos, 98 mbols
399my9b6900Lsl 3Bs Mbs 3ogmm, HMI Mg 9MHMO 3OHMYMT0EI6 Fg@sboro
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3300900 19356 dMMBYdY, update-by o rollback-l deGols Fmoergdo
yzgws bbgs dmombmgbsl dirty data-ll b @©sdsbobyxgdme  dmbs3gdgdl
393539bm. 98 Mbgl 259m30949bgdm oLgmo FMMBM3bgdOLMZOL, GMIgms
LobHmGgis 56 se0olL Lsbogmabarmo smi30gdgero, b vy 3030m, MM b
B396 3300bEmdm, dgladg AbsMg 33€00gdsls 56 F90@SbU;

* Read committed oMby 25656EH0M9dws 560gdL o3l Fg300Mmdomo
0o300b3900L  3OMMBEGIL,  MoYsbsg  0BmEsgool 98 ©mbyBy
6900 MEos Fbmwm© ©IRoJLOMGIMWOo  GHMIBEDIJ309d00 Tg33owo
9mbs3999d0L Foz0mbgs;

* Repeatable read ombg o30¢g0L 5939 9M095609mEMds©O fozombzgdol
3GdgIolo(3;

* Serializable ©mbg MHOMBIgYMRL gOPOOOMMWO  GHOBEBJ309d0L
LEOME 29635 393905L, M3 bm®MmE09Wwgds GH®MbBog30sdo dmbsfowg g3zgws
LEAHOOJmbol  B39B300.  BIBGHMAOOL  Ho®mBmddbols  3GMdwgds  {gqds
3oLO®IOOL  O35DMbOL OB M3IZ0m. 0BMEOMIOOL 53 EMbOL sgxbgdols
9900b393580 9306905 35M5gE0HBIol boGolbbo s 0BMHEYds Lol dsBy
©OHZ0MM3o.

B399 gdM03 y39wsby MBdMm bdoMo 250m0ygbgdgb read committed
0BMEs300L EMbIL.

bbgoolibgs dmbsgdoms 35Hg0do BHMIEBIJ3008 0BMEoEmIdOL ©MbggdL
3903390 2oblbge399900  5d3L.  Fogowroms, oracle  dmbosggdgool
Pogombgolsl lock-b LogBom 6 094gbgdl o dirty data—ly 36mdgds latch-
900 533U BowsfigzgBhowo.

Lock-ob 99dmbggzsdo Hoado 30aq00m, MH™3 doz00mm dmbszgdgddy
030035, latch-ol ™ML 3o 39MHOMEMEsE 3530mbogm  dmbs3gdgdl s
3500{d90m, 0719 5GOL MOZ30LvBOWO.

Oracle, MsSQL Server s DB2-80 0%Bm@ogool @mbg 8g0degds
d09mommb 3m6309@wo bgbool 56 FHMEDsdzoobmzol (DB2-U sds@gdom

5930 930035300l mby3) [3,4].
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NoSQL  Lob@gdgdobomzol,  3mb6309@Mmws 3o MongoDB-Lomgol
A®56Dog30900L  0BMmEoMmgdol  Abasgbo  FgMYdo 9O  §35J3L  [5]. o0
36MHmdgdsl MongoDB  {iy39dl  0ommgmeo  m3mdgb@Hol  s@Gmds®modol
3600630306  @o330m.  Sbg BT,  LLobBMEMTsgom BBl EOBsobob
099853900L5L, dogero ol IMbsEg3gd0, LysE 33F0MWYdS, MM SEHMI>MMBOL
36063030 @30 0gml, Mbs dgz0bsbmm gmHo ©M3mMdgbEHdo. doHoms
39000b39398d0 ©™ 3999960 MbyBg sMBGdIMWO 5GHMBIOMdS L3ToMOBOS 0
15089MMBOL  FoLOM(935, MOLOE MYEsE0MO dmboszgdms d3Bgdo ACID
3606303900l 3300 2oSHY39Es.

3525 0MO, MongoDB-U d9dmbgg35do 963569006
5393006900 Imbs39dgd0 930305 IM35meglmm gMo ©™3dgb@do,
Boadmo dsbogol (nested arrays) 96 Bopdmero ©m3MdgbGHol (nested
document) 250mygbgdom. 53 Fgdmbggzsdo TbmErmE JOMO ©M3IYIghEHOL
3obobgds  dmagz0fg3l, o3, TgLodsdolo, SEHMIsOImo  3Mmaglo 0gbgds.
95306 Imbozgdms d85Hgddo 08539 Lobol 393006093 Imbs3gdgdol
Dot0mboagbs ©oy3F0M©YdmEs bbgoslbgs bMowgdo s BsbsHgMgdo,
o3 9ME0wgdgl  qobos  BHMobBogzool  0BmEoMmgdol  mbygdol
3990yg9gbgdsly Imbs398900L gobobargdoliomzgol.

CAP  ogmM9gds (Consistency, Availability, Partition_tolerance) 56
060900l  (Brewer Eric) ogm®gds sGOL 9300LGH03mwo 33303905 0dob
dqLobgd, MHmA  A9bsHowgdMo  godmmzwgdol BgdoLdoge  MHYoE0BI305d0
99L5dgd9w0s Lsdo (C,A,P) 030l90006 dbmem@ Mol MHembzgwymas
(65b.3).
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Data Models A
Relational (Comparison) vailability
Key-value 6y30b30gch BmAbBHYBIb 6130bBNYH rHmb
Column-oriented! Tabular 899000 AdFIM 0 Fagombzd
Document orientsd

CA AP
RDBMSs Aster Data Dynamo Cassandra
(MySQL, Greenplum Voldemort SimpleDB
Postgres, Vertica Tokyo Cabinet CouchDB

efc) KAl

Riak

Partltlon

onsistency

cP Tolerance
@cmo gb ggbobt)o;‘;)ﬁ BigTable  MongoDB Barkeley DB bob@ g0 go0ahmymoE Bgdamdl
amoﬂag’mfﬁ’ Hypertable Temastors  MemcacheDB bHaHYBb Imehob Gobogho
H 1 )
bgagb 360bo 3 Base Scalanis Redis Jog0chob bahzgbob Boybjage
00539 0mba(3)a700L

bob. 3 CAP ogmégds

Consistency (9000sbmds) — 3obsfforgdemo 3md309GHgeweo Lobi@gdol
yzgws  3396d8o  (node -  3olBg®do) Bmbsggdgdo  Fgmoebbdgdmenos
(965506550800 93MdM0305 OMOL dm (393w dmd9bEdo);

Availability (§30m0s0M0d5) — 6900LdogHo dmmbmgbs  gobsfogdmen
LoLEBYALMIb LEOMWEIds 3MMYJGHIo 3sbbom (v) OMIgEodg 3356do
3900039905, 5L 330l Bbgs);

Partition Tolerance (3965{09d0l 3aMo@mds) — 3000LEHIO0 gobogdmdl
2bJ30MbseMdsls 35d0bog 30 HMEaLsE 3396390l ImEOL sG0L 3MIMbogsEool
36HMdgd.
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0999905390005 36030390 LobEgdol 50JoGH9dGOs,
0683M5LGHOMIGHMOS S I3OMIYIBHJOME0s Foso  )3MIsmdol dJmby
dmbs39dms Logego (bsb.4).

39L5®IdOL FrdsemgEo 3°L5®YdOL FeysemgEo 39b5©YdOL FrsemgEo 39L5®YdOL FrysengEo
0..30 31..60 61..90 91.. 100

2
Q
)
&
A
o]
€
2
ja=
2
e
o
[
C
o)
P
=3

Bob. 4 bgB39GEo NYBOHMB3gMymas replication s sharding ¢gdbmermyogdoo

8mboggdoms  dsBol  Bsdogg doMHomoo  oboboomgderols  (3OMEgLMMO,
M3960530o IgbliogMgds s bobGo ©oligo), obg3g MMM 3 LoodgmmdOoLs
@5 13000350 Md0L  2oliomBxmdgds©  30Ygbgdm Sharding—obs o
9300035300L 39dbmemyogdl. LobEgds 93059maz0Egdls Fo9mygbadren ygzges
A9J6031960  ©s  §MbJ30mbocrE  FmmbMzbogdsl,  sToLMIb  gPHo©
dogmos  Bomoo  bs®olbmd®moz0  Fsbollosmgdegdo,  MHMAMOOES
MBoROMMbMYdS, oMZ500MdS s LOLHGSGY.

930035305  9MOL  3OMmEgLo,  MOMIol  OMLsg  dmbs3gdgdo
LobJHMbOBOMEIds JOO, FMIZ9M0 LYMHZIO0EIDE M5dEI60Tg LOMIIMOYM
bgMH39MDY. 0930353008 OML JMNsgzse (primary) LgM3z9MHBY PsHgMols s
300b3ol  Mm39M530gd0L  obbmGmEogwgds 893300105,  LOMOIMOYM
1939609006 30 AbMEME 330MbYIMdM.

93000353058 ©15996089 J0MO0MHO YO0 TboMg A55BbOs:
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¢ Jmbs399900L 300bz0L QoI MdILGdS — LYMHZIOOL ModIb SLerbss
393050053, 0800960 3MM30009090 FYsOHMPID 930305 0bRMO 5300
39659 )® M9:50ddo Foz0mbgs;

e Disaster Recovery — 36Mmdgdol 56 3933060 Lsdwdomgdol O™
99230005 OMIge0dg bomoaogm (standby) Lg®39M0 35J30Mm JOMOMS®
(primary) bLyO39M>;

® 5050 MOl LoFoMm backup-9dols @ 069Jugdol MYMOYIBOBI3O0L
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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-
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operation with "112", the study directions have been determined to solve real
problems:

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
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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
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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