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Ha xadeape Teopervyeckoil HHPOPMATHKH MeXaHHKO-MaTeMaTHdyeckoro dakynbrera MIY
uMeHu M.B. JlIoMOoHOCOBA B TeueHHe TPex MocjaeJHUX JieT pazpabaThiBaeTcs UK ClleliMalbHbIX KYPCOB U
NPaKTHKYMOB 1o 061MM HaMMEHOBaHHeM "AHa/MTHKa GOJbIIMX JaHHBIX s MaTeMaTHkos” (“Data
Science and Data Mining for Mathematicians”). B paMmKax 2Toro HanpagJeHHA NpenogaBaHus IJIaHUpyeTcH
Ha Gaze UMeKIIMXCs 0BLIHX KYPCOB, 2 TAKKe 32 CYeT BBe/leHUs HOBbIX OOLUX JUCHMILIMH OCYILEeCTBUTh
npenojaBaHue OTAe/bLHON ClelMaln3alyy 0 MeTo4aM | aJIF0PUTMaM MpeICcTaBIeH s, MOJe/IMPOBaH Us
W aHaJiu3a 6oJIbLIHX HABOPOB JJAHHBIX.

B mnocnegHue rofbl B MUPOBOM cooGuiecTBe 0O OoJblIMX Habopax [JaHHBIX CI0KHIOCh
npeAcTaBieHUue KaK 0 Habopax AaHHbIX, XapaKTePU3YIOLIMXCH CAeAYIOLUHMHA 0CHOBHBIMH 0COGEHHOCTAMH:

e o6bemom (Volume);

e ckopocTbio o6HoBaeHusA (Velocity);

*  pasHoobpazHeM U HeoAHOpoLHOCTLI (Variety);
e jocroBepHocThlo (Veracity);

e croumocTso (Value).

B Hacrosiiee BpeMs [jisi 6osiblIMX HAGOPOB JAHHLIX YCHELWIHO Pa3BMBAKTCA METOAbI MX
fpeAcTaBaeHUs U HHTeJIeKTya/lbHoro aHanusa [1]. UMeercs MHOro nojxofoB K kjiaccupukauuu
OCHOBHbIX Hay4YHO-HUHKEHEPHbIX HAMNPaBJEeHHHA B peLlleHHH Pa3/IMUHbIX aKTYaIbHbIX 33/1a4 B 9TOH cdepe.

BoiesisiioT, HanpuMep, cieayoinue 10 HanpaeaeHHid uccaegoBanuii [2]:

1. Boabluve HaGopbl JaHHbIX. COop U 06paboTka DoJbIIKX 00bEMOB AaHHLIX (DoJibluKe
06'beMbl) M3 pa3/IMYHbLIX HUCTOYHUKOB WM pas3/IM4YHBIX BUJOB (6GoJiblUOH BLIGOp), NpH
B0JIBILIMX CKOPOCTSAX (€ BLICOKOH CKOPOCTBIO);

2. Awnanus pausbix. lllupokas obsaactb 6U3Heca, KOTOpas UMeeT Jeflo C UCMOJIb30BaHUeM
JaHHbIX JJ15 IOCTPOEHUS CPEACTB NOAACPIKKH MPHHATHSA pellieHHH, KOTOPbIe MOMOratT
GU3HeCc-MeHe/KepaM NPUHUMATh pellleHUs Ha peryJigpHoi 0CHOBe;

3. Hayka o gaHHbiX. PazpaGoTka M MCIOJib30BaHHE CTATUCTHYECKUX M MaTeMaTHYeCKHUX
MoJieJiell, a/IFOPUTMOB U BU3YAIM3A LU C Le/1bIo TOMOYb 06bSICHUTD JaHHbIE PA3/IMYHbIX
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BU/JIOB, OYAb TO CTPYKTYPUPOBAHHbIE MJH HECTPYKTYPUPOBAHHBIE, HUCNOJb3Ys METOAbI
CTaTUCTUYECKUH 06pabOTKH, MalUIMHHOe 00y4YeHHe, HCKYCCTBEHHbIH WHTE/IEKT HWJIU
VMHbIEe NOJAX0/bl. B MpakTHU4YeckoM NpHMMeHEHWHU HAayKU O JAHHBIX YaCTO HCIOJIb3YIOT
6oJibliMe HAGOpbl JAaHHBIX W CllelUaJM3UPOBAHHbIE AJTCOPUTMbI [JIs CO3JaHUA U
TECTUPOBAHUS Pa3JIUYHbBIX MOJiesel;

4. VHTesseKTya/bHBIA aHa/JW3 JaHHBIX. V3BjedeHHe HOBBIX 3HAaHUW U3 Pa3JIMYHBIX
HabopOB JaHHBIX, KaK IPaBUJIO, C TOMOLIbI0 CTPYKTYPUPOBAHHBIX 3alpoCOB. B mepByto
oyepe/lb HHTEJJIEKTYyaJbHbI aHa/JW3 JaHHBIX acCOLUUPYeTCs C HCCIeJoBaHHEM
60JIbILIUX TEKCTOBBIX JIOKYMEHTOB U OTKPBITHS HOBBIX 11a6JIOHOB P aHa/IM3e TeKCTa. B
HacTosllee BpeMsl WHTe/UIEKTYyaJIbHbIH aHa/Iu3 JaHHBIX IIMPOKO NPUMEHseTcsl NpH
aHa/IM3e KaK CTPYKTYPHUPOBaHHbIX (HampuMep, Mpe/CTaBJAeHHbIX B PesALMOHHBIX B/l),
TaK U MaJIOCTPYKTYPUPOBaHHBIX JaHHbIX (NoSQL);

5. busHec-aHajiuTuka. HabGop HWHCTPYMEHTOB U IMOAXOZAOB, KOTOpblE IO3BOJISIOT
MeHe/pKepaM YIpPaBJATh NPOLeccaMyd Ha OCHOBE JAaHHbIX, COOpaHHBIX B pe3yJbTaTe
KaKUX-TO MpPOILIECCOB B TaK Ha3blBaeMble XpaHUJMIIA JaHHbIX. Kak npaBujo, - 3To
WHCTPyMeHTaJIbHble aHEeJH, TPe0CTaBJIAILIMe KOMOWHAIUIO 3a[IPOCOB, BU3yaIu3alii
Y OTYEeTOB, IpeiHa3HaYeHHBIX [ JOCTHXKEHUSI KOHKPETHbIX OU3Hec-1iesel;

6. IJxoHoMeTpuKa. OTpac/ib NIPUKJIAJHON CTATUCTUKH, IpejHa3HAa4YE€HHOM, B YACTHOCTH, JJi
Hccael0BaHUsl 3KOHOMHYECKUX IPOLIECCOB C TOMOIIbI0 CTAaTUCTUYECKHUX METOJI0B U
aHa/IM3a JaHHbIX Pa3/JIMYHbIX BU/OB;

7. CratucTuka. B mNpakTHYeCcKUX NPUJIOKEHUAX 34eCh BbIAEAKT ONUCATEJbHYI0 U
BBIBEJIEHHYIO CTAaTUCTUKU. OnrcaTe/IbHasA CTATUCTHKA NIPeOCTaB/IsSET XapaKTepU3aluio
JlaHHBIX, HCIOJIb3ysl pa3/JMYHble METO/Abl H3MepeHUH, a BbIBeJeHHas CTaTUCTHKaA
npe/Ha3HavYaeTcsl /sl YCTAHOBJIEHUS M NPOBepKHU runores (Teopuit). CTaTUCTHYECKAS
VHXXeHepUs SIBJISeTCS CMeXHOM 06J1aCThI0, T/je CTATUCTUYECKHE MOJEJIM IIOCTPOEHbl KaK
Ha OCHOBE JJaHHBIX, TaK U HAa OCHOBE JIe[lyKTUBHOTO U MHJYKTHBHOTO I1OJX0/0B;

8. MamwuHHoe obydeHue. [Iporecc moctpoeHus (4alie — CTaTUCTUYECKUX) MoAesed MJs
HaXOKJileHUs1 KOMILJIEKCHBIX peLIeHUN pa3M4HbIX 33Jay, HalpuMep: IpejcKa3aHue
3HAYEeHUH TIepeMeHHbIX [JJAHHbIX Ha OCHOBE HMEIIIUXCS JaHHBIX (perpeccus),
kJaccudUKauysa TOYeK JAaHHBIX WJIM KJacTepu3aldyd TOYeK JaHHbIX B MHOIOMEPHBIX
NPOCTPAHCTBAaX C KaKOH-TO MeTpUKOW. MallnHHOe o06y4YeHHe BKJIOYaeT B cebs
pa3paboTKy CTaTUCTUYECKUX MOJesiel /11 Ipeobpa3oBaHUs CJI0KHBIX HAO0POB JJ@HHbBIX
B 6oJiee IpoCThle, NPUOJIMKEHHbIE NTPe/ICTaBJeHHsl B3aUMOCBs3el Mex /iy ¢pakTopamy, a
TaK)Ke BKJIIOYaeT B ce0sl KpPOCC-IPOBEPKHM W ONTUMHU3ALMM TUIEep-TapaMeTpoB AJs
OLIeHKH KayecTBa MO/leJIel;

9. MHckyccTBeHHBIM UHTeJIEKT. COBOKYITHOCTb METO/0B, 0XBAaThIBAIOUIMX CTaTUCTUYECKHUE
M0/IX0/1bl K 06yYeHHI0 U HEHPOHHBIE CETHU [IJIs1 MOJIeJINPOBAaHUS OBEIeHUs] 3KCIIEPTHBIX
CHUCTEM C HCIO0JIb30BaHUEM KOHTPOJIMpPYeMbIX (IZle JaHHble U IieJieBble MOKasaTeau
3a/lal0Tcsl B SIBHOM BHJIE) U HEKOHTPOJUPYEMBbIX (rfe MabJoHbl OTHICKMBAIOTCS)
MO/IX0/10B K 06ydeHHI0. MeTo/bl MCKYCCTBEHHOTO HHTe/JIEKTA B OOJIbIlell CTelneHY,
HeXeJld MallMHHOe 00y4yeHHe, 6Aa3sUpPYITCA HA CONOCTABJEHUM C LIAabJOHaMU M Ha
pacro3HaBaHUU 06pa30B;

10. MaTteMaTHu4eckoe MoiesiipoBaHue. O4eHb HIMPOKOEe HAIpPaBJIeHHe, BKJIKOYalollee B ceds
MIOCTPOEHHeE U IPOBEPKY MOJiesIEN CaMbIX Pa3JIMYHbIX KJIaCCOB: CTATUCTUYECKHE MOJIeJH;
MoO/leJIY, OCHOBaHHble Ha aJOPUTMax JIMHENHON aire6Gphl; MoJie/id, OCHOBAaHHbIE Ha
CUCTeMaX OOBIKHOBEHHBbIX AuddepeHIMaNbHbIX ypaBHeHUU U AuddepeHLHaIbHBIX
ypaBHEHHH C YaCTHBIMM MPOU3BOAHBIMU; MOJEJM, OCHOBAaHHblE HAa MeTOJax TeOpHUH
rpynn, ¥ MHOTHe Jipyrde. Mozesu MOTyT ONMCHIBaTh peasibHble UM BOOOGpakaeMble
CLleHapuH, HO, KaK INpaBWJIO, NMpeAHa3Ha4YeHbl JJs pelleHUs U ONHCAaHUS peasIbHBIX
npooJieM.

[lpuBefeHHass KJyaccuduKalus He BIIOJHE OTpPa)kaeT O0COGEHHOCTH MaTeMaTH4YeCcKoro
cojJilepKaHUs MPUMEHSEMbIX B pacCMaTpuBaeMoil cdepe METO/0B U aJrOPUTMOB, UCI0Jb3Ysl B 6OJIbLIEN
crtenneHd GyHKUMOHaJbHBbIEe moaxoApl. Tak, o6saacte “Hayka o pmanHbix“ (“Data Science”) gpyrumu
vccae0BaTeNsIMU IPeJCTABIIsAETCS MMEHHO KaK CoJlepKaTesbHbIM pa3/ies HayKy, a He MPOCTO KaK OZHO
Y3 HallpaBJeHUH ucciefoBaHUM. B yacTHOCTH, npeasaraeTrcs [3] cieAyiomias CTpyKTypa 3TOro paszesa
(Puc. 1):
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Puc.1. Cxema codepocanus obaacmu “Hayka o daHHbIX”

3aech:
e  [10 BEPTHKaJbHOH OCH OTVIOKeHA IKaJa “OnucaTesbHble - IpeANUCchIBapLye”; a
® [10 FOPU3OHTAJbHOH - “IKCIIEPUMEHTAJIbHBIE - TEOpEeTHYECKUE”;
TepMUHBI:
e “Big Data” o3nauaeT 60JiblIMe HA60PbI JAHHBIX;
“Data Analysis/Analytics” - aHa/IM3/aHaIMTHKA JAHHBIX;
“Methods and Algorithms” — MeTozbI ¥ aJIrOPUTMBI;
“Data Mining” - MHTeJlJIeKTya/IbHbIH aHAJIM3 JaHHBIX;
“Machine Learning” - MaliMHHOE 00y4YEHUE;
“Software Tools” - mporpamMMHbIe Cpe/ICTBA;
“Big Data Analytics” - ana/iuTHKa 60/1bIINX HA60POB JAaHHBIX.

Kak Mbl BUAMM, 3/leCb B HayKy O JaHHBIX BKJIIOYAeTCs psAJ pas3fiesioB, JPYyrMMH aBTOpPaAMHU
OTHECEeHHBIX K MHbIM HallpaBJieHUusM. [lo-HalieMy ke MHEHUI0, TaKOe Npe/iCTaB/IeHe B 60JIbLIIel CTENEeHU
COOTBETCTBYET MaTeMaTHYECKOMY MTOAX0AY K chepe aHaMn3a 60/bIINX HAGOPOB JaHHBIX.

Mbl He cTaHeM YIyGJATbCS Jlajiee B aHAJWU3 Pa3/JIMYHbIX KOHIENLUHM, B3aMMOOTHOIIEHUN U
B3aUMOCBsI3el MeXAy MOHATHSIMH aHAJIUTUKH AaHHbIX (Data Analytics), anasiu3a ganHbix (Data Analysis),
MHTeJ/UJIEKTyaJIbHOr0 aHaju3a JaHHbIX (Data Mining), Hayku o gaHubix (Data Science), mammHHOrO
o6ydeHus (Machine Learning) u 6osnbiinmMu Habopamu JaHHbIX (Big Data). Hameit uenbto siBasercs, B
OnpesieJIEHHOM CMbICJI€, Bbl/leJIeHHE ITOJX0/J0B K UCCIeJ0BaHUSIM, OCHOBAaHHBIX Ha:

®  HCHO0JIb30BAaHMH MaTeMAaTUYECKUX TEOPUH, IOHATUHN U MOJeJiel;
® [IOCTAaHOBKeE U pelleHUH MaTeMaTUYeCKUX 3a/1ay;
e [IpUMeHEeHUH pPa3paboTaHHBIX AJITOPUTMOB B HAYKeE O JJAHHBIX.
Yc0BHO roBops, HA60p TeM, BK/IIOUEHHBIX B HAlll IIUKJI KYPCOB, BKJIIOYAET B Ce65 Cle/lyollee:
1. Twunbl JaHHBIX, CTPYKTYPbl JAHHBIX, MO/ 1aHHbIX;
2. [llpeacraBiieHMe JJaHHBIX, XpPaHEHUE U Nlepe/iadya JaHHbIX;
3. MeToAbl M aJITOPUTMbI MEePBUYHON O0OPAaGOTKH [AAHHBIX, 06a3bl JAaHHBIX, SA3bIKU
MaHUIYJIMPOBAaHUS JJAHHBIMU;
4. TlpoexkThpoBaHMe 6a3 JaHHBIX. f3bIKU olpejeseHus AaHHbIX. HopManbHble GOpMEBI B
MPOEKTHPOBAHUHU PEJIALIMOHHBIX 6a3 JaHHBIX;
CTpYKTypHpOBaHHbIE U HECTPYKTYPUPOBAHHbIE JaHHbIE, XPAaHUIUILA JAHHBIX;
6. AHasu3 GosbmMX (HECTPYKTYpPUPOBAHHBIX) HAaGOpPOB  JAHHBIX, TEXHOJIOTUU
pacmnapaJiyieiiBaHus 06Pab0TKHU U CKATUSA HUHPOPMALIUY;
7. 3ajjayM UHTe/JIEKTyaJbHOI'0 aHa/au3a 60JbIINX HA6OPOB JaHHBIX. [Ipo6JieMbl 60JIbLINX
00'bEMOB 1 Pa3MePHOCTEMH;
8. BeposTHOCTHBIE METO/Ibl IEPBUYHOI0 CXKATHS JAHHBIX, XEIIMPOBAHUE U CTATUCTHYECKUE
OLIEHKU;
9. 3ajaya OOGHApPYXeHMS CXOXKHUX [JOKYMEHTOB, IpejJaraeMble MeTOJAbl U aJTrOPUTMBI,

vt
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Io:

10.
11.

12.
13.
14.
15.
16.

17.

NprYMeHeHUe TEXHOJIOIMH pacnapaJsijieIiBaHusl 06paboTKY;

MeTpHyeckue NpocTpaHCcTBa. KiacTepHble MeTO/[bl B CHUXKEHHUU PA3MEPHOCTHU 3a/ja4H;
PexoMeH/iaTesibHble CUCTeMbl. MaTpuyHOe MNpejCcTaB/JeHHe JaHHBIX. AJITOPUTMBbI
JINHEWHOM aJreOphl M UX UCIOJb30BaHMEe B CHIPKEHUH PAa3MEPHOCTH 33/1a4H;

BceMupHas nayTHHa, MeTO/bl c60pa JaHHBIX U IEPBUYHOT0 aHAJIN3a;

Ctpyktypa WWW 1 ee ucnosib30BaHUe B 33/la4ax paHKUPOBaHUsI UHGOPMaLUY;
WHTe//1eKTyabHbIM aHa/IM3 UHGOPMALHOHHbBIX IPOLLECCOB;

MeToabl  06HapyeHUs1 OU3Hec-poueccoB. Anbda-ajJropuTM. IBPUCTHYECKHE
aJITOPUTMbI OGHAPYKEeHUsI GU3HEC-POLECCOB;

[IpoBUHYyTble TeXHUKH 6a3 JaHHbIX. In-Memory 6a3bl JaHHBIX KaK TEXHOJIOHYecKas
natdopma /1151 06paboTKU 60/IbIINX HA6OPOB JaHHBIX;

Basbl janHbix NoSQL Kak Habop TeXHOJIOTMYeCKUX MIaTGOPM AJ1s1 06pabOTKH 60JIBLIINX
HaOOPOB JIaHHBIX.

Bosee [JeTajbHO 3TH TeMbl paclpejiesieHbl O JBYM TOJOBBIM (YeThbIpeM IOJyTrOJ0BbIM)
crenkypcaM o6'beIJMHEHHOr0 Kypca “AHanus 6osbinnx AaHHbIX” (“The analysis of big data”):

1.

2.

Mogenu naHHBIX ¥ 6a3bl JaHHBIX (Data models and databases) - rogoBoii:

1.1. Mozaenu JaHHBIX U OCHOBBI cucTeM 6a3 JaHHbIX (Data models and fundamentals of
database systems ) - moJIyroZj0Boi;

1.2. ba3bl pganHbIX. JlomosHuTenbHble TraBbl (Databases: additional chapters) -
MOJIYTOZ0BOH.

AHasuTuKa 60JbIINX JaHHBIX (Big Data Analytics) - rogoBoii:

2.1. AHasiuTuKa GosblIMX JaHHbIX. OcHoOBHble anropuTMmbl (Big Data Analytics: basic
algorithms) - nosiyrogoBoi;

2.2. AHasiuTHKa OOJIBIIMX JaHHbIX. JlomosHUTe bHBble r1aBbl (Big Data Analytics:
additional chapters) - mosiyromoBoii.

OTMeTI/IM, 4TO IpeaJiaraeMble ClIeKYPChI:

BKJIIOYAIOT B Ce651 TEOPETHYECKYI0 U MPAKTUYECKYIO COCTABJISIOLINE;

SIBJIAIIOTCS, C OAHOW CTOPOHBbI, B3aMMO3aBHCUMBIMHM, a C JAPYyrod - He TpeOyIOT
06513aTEJIbHOTO NPEeABAPUTENBHOI0 U3yYEHHUs CO/lepKaHUsl OCTAIbHbIX CIELKYPCOB U3
npejjlaraeMoro Habopa;

OTPAXAKT KaK yXe CTaBIIKWe KJIaCCHYEeCKUMU MO EeJIN U aJITOPUTMBI, TaK U COBPpEMEHHbIEe
B3rJid4bl U IIOHATHA.

[IpeanosiaraeTcs, 4TO CAyILIATENH CHELKYPCOB yKe BJI/IEI0T MAaTepHUaoM U3 OCHOBHBIX KYPCOB

JINHEWHOM anrebpe U ee NPUI0KEHUSIM;

10 TEOPHUU BEPOSITHOCTEHN U CTAaTUCTUKE;

10 TEOPHUH KOJUPOBaHUS (TaKOM Kypc Ipe/ijlaraeTcs cieaTb OCHOBHbBIM);
10 MPOTPaMMHPOBAHHUIO.

Hwxe npuBezieHbI 60Jiee AeTalbHble MPOrPaMMBbI /11 KQK/J0T0 U3 CIIEIKYPCOB.
Mojiesi1 JaHHBIX U OCHOBbI CUCTEM 6a3 JJaHHbIX:

NI W

=0

11.
12.
13.

OcHoBbI 6a3 JaHHbIX. UcTopus pasButus. [lonsaTue mogenu fanHbix. CYB/], ycTpoiicTBa
XpaHeHHUS JAaHHBIX, A3bIKM MaHUIYJIUPOBAHUA JaHHBIMU;

CYB/l: ocHOBHble QYHKIMH, 3aNpockl, TpaH3akuuu. KomnoneHnTol CYB/I, apxuTekTypa
coBpeMeHHbIX CYB/];

Mogenu aaHHBIX. Mepapxuyeckasi, ceTeBas,, peJsl[MOHHAsA U CJ1a60CTPYKTYpHUPOBaHHas
Mozesid. OCHOBBI PeJIALMOHHON MOZe/IM JaHHBIX;

PensinnonHas anre6pa, OTHOLIEHMS], KOPTEXH, OCHOBHBIE OIl€paLINY;

PensinnoHHas anre6pa: npe/icTaB/eHUe CJI0KHBIX 3aIpOCcOB. My/IbTHMHOXECTBA;

fA3bIk onpefiesieHNA AJAHHBIX U MAaHUITYJIMPOBAaHUA AaHHBIMU SQL;

SQL: ocHOBHBIE CTaHAAPTHI U 0OCOOEHHOCTH peaTn3aluy;

@OyHKIMOHA/IbHbIE 3aBUCUMOCTH U UX POJIb B YyCTPaHEHUH aHOMaJUU MaHUIYJIMPOBaHUS
B peJIILMOHHBIX 6a3aX JaHHBIX;

Ucuucnenre GyHKIMOHAIbHBIX 3aBUCUMOCTEH, aJITOPUTMbI BBIYMCIEHUS 3aMbIKaHUH;

. JexoMnosunus cxeM oTHolueHUM. CBoMcTBa coefuHeHUs Ge3 MOTepb UM COXpPaHEHHUs

3aBUCUMOCTEH;

HopmasibHble GpopMbl cxeM oTHOLIeHUH. OCHOBHbIE TEOPEMBI O JIEKOMIIO3UI[UU CXEM;
AnropuTMbl NpUBeieHNs K 3- HOpMa/IbHOU popMe U HopMaJibHOU ¢popme Bolica-Kogaa;
MHorosHayHble 3aBUCMMOCTH. McyncieHre MHOTO3HAYHBIX 3aBUCUMOCTeN. 3aMbIKaHHE
MHOXeCTBa QYHKIMOHAJbHBIX U MHOI'O3HAYHbBIX 3aBUCUMOCTEH;
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14.
15.

16.

JleKoMIo3uIMY CXeM OTHOIIEeHUH, 4-51 HopMasibHasA dopMma;

[IpoekTUpoBaHHe cxeM 6a3 JaHHbIX. KoHIlenTya/lbHble MOJEIH, MOJENb CYIIHOCTEeH-
CBsI3€l: OCHOBHbIE MNOHSATUS U NIPe/ICTABJIEHUS;

Mopesib CYLIHOCTEN-CBSI3el: MpaBUJa OMUCAHUSA CBSI3€M W OrpaHUYEHUN, NPUHLIMIIbI
MPOEKTUPOBAHUS.

basbl faHHbIX. J|ONIOJIHUTEbHBIE IJIaBhI:

1.

o

©

10.
11.
12.
13.

14.
15.
16.

[Ipouwnoe, HacTosilee U GyAylee KOPIOPAaTUBHBIX NpuUiokeHUH. HoBble Tpeb6oBaHUs K
KOPIOPAaTUBHBIM  NPUJIOXKEHUAM. M3MeHeHHsT B  almapaTHOM  oO0GecleyeHUH.
XapaKTepHUCTHUKH COBPEMEHHBIX KOPIIOPAaTUBHBIX MPUJIOXKEHHUH;

MeTo/ibl XpaHeHUs 6a3 JaHHbIX. CJIOBapHOE KOJAUPOBAHUE;

Cxxatue: Prefix Encoding / Run-Length Encoding / Cluster Encoding / Indirect Encoding /
Delta Encoding;

PasmellleHre JaHHBIX B olepaTUBHOU NaMATU. CEKLIMOHUPOBAHUE;

CTpyKTyphbI U onepanuu. MaHunyavpoBaHue JaHHbIMU (insert / update / delete / insert
only);

PexkoHcTpyknua koprexeil. [louck faHHbIX. CTpaTernu MaTepyuaiu3aluy;

[IpoBUHYTble TEXHUKHU 6a3 JaHHBIX. ADXUTEKTypa 6a3bl JaHHBIX: AU depeHIMalbHbIN
oydep, onepanus CausSHUS;

[lapajiesibHast 06pabOTKa JaHHBIX;

MaTepuaivi30BaHHbIe arperaThbl, UX KellMpoBaHHe. YIpaBjieHHe paboyell Harpyskou u
IIJIAHUPOBAHMUE;

MexaHHU3M CTapeHus JJaHHbIX. AKTyaIbHO€E U HCTOPHUYECKOe XPaHEHHE;

BHyTpeHHUe MexaHU3MbI 6a3bl JaHHbIX. MHAEKCh];

KypnanupoBanue. BocctanoBsieHue. Pensinkanus. PesepBupoBanue;

Beegenne B CYBJ] SAP HANA. CTpyKTypa [AaHHBIX: TabJdIbl, NpeACTaBJEHUS U
MaTepHaIU30BaHHbIE arperaThl;

CYB/l HANA: BBefieHue B A3bIK MaHUNYJIMPOBaHUSA JaHHBIMU SQLScript;

NoSQL. Uges NoSQL. ACID vs BASE. Teopema CAP: 3 ksiacca pacnipefesieHHbIX CUCTEM;
NoSQL mogenu ganHbIx: Document, Graph, Key-value store, Google's BigTable.

AHa/IMTHKa 6OJIBLIUX JaHHBIX. OcHOBHBIE AJITOPUTMBI:

1.
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NG

16.

Beegenue B Data Mining;

TexHosorust MapReduce pacnapaJsiyieliBaHUsI BIYHUCIEHUH;

AnropuTMmel, Hcniosb3ylomue MapReduce;

Onepauuu pessIfUOHHOM ajire6pbl, MaTpPU4YHble BBIYHUCJIEHHUS C HCIOJb30BaHHUEM
MapReduce;

AnropuTMBI 06GHaPYKEHUS CXOXKHUX 371eMeHTOB. CxoacTBO no XKakkapy;

MeToab! CxxaTus 60/1bKUX PaitoB. XelIMPOBaHUE, MOANUCH 60IbIINX GaliIOB;
JlokaJIbHO-4YBCTBUTEJNbHOE XEIIMPOBAHHE I0OKYMEHTOB;

TexHuka rpynnupoBok. [locTpoeHue ceMelcTB QYHKIUM;

MeTpHKH Ha TPOCTPAHCTBAX JaHHBIX;

. Jloka/JIbHO-4yBCTBUTEJIbHbIE CeMENCTBA QYHKLHUH XeIUPOBAHUS;

. MeTo/ibl BBICOKUX CTeNneHel cxo/cTBa. MHaekcanus;

. MeTo/ibl BLICOKHUX CTerneHel cxo/icTBa. McnoJib30BaHUE NMO3UIUHU U JIJIUHBbI;

. MeToap! KjacTepu3anuy B 06paboTKe 60JIbIINX JAaHHBIX;

. Knactepusanuus B pa3/iMyHbIX METPUYECKUX IPOCTPAHCTBAX;

. In-Memory 6a3bl JaHHBIX KaK TexHOJOrM4yeckas maatdopma Ajas 06paboTKH GOJbIINX

JaHHBIX;
AsroputMmel In-Memory.

AHaiMTHKa 60JIBLIUX JaHHBIX. AOHOJIHI/ITeJIbeIe IrJ1aBbI:

1.
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N U

Anasus ccpliok B UHTepHeT;

Boruncsienue PageRank;

MoaudupoBaHHble aJropUTMbI BhlucaeHus PageRank;

Mojesib KOp3HWHBI MOKYIIOK. 3aja4a OMCKA YaCThIX HA60POB 3J1eMEHTOB. ACCOLIMAaTUBHbIE
npaBuJIa.

[IpeacraBiieHne JaHHBIX: triangular matrix method, triples method. Anroput™ A-priori;
[yGUHHBIN aHa/IU3 poleccoB. BBeneHne. OCHOBHbIE TOHATHUSA U 1[€JIH;

MeTo/Ibl ¥ THUIIBI [TyOUHHOTO aHAJ/IM3a MPOIIECCOB;

MopaenupoBanue 6usHec-mporeccoB. Control-Flow notations: BPMN, UML, Petri nets,
Causal nets, Transition systems;
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9. BPMN HoTauuss u Mojejb OU3HEC-NPOLEeCCOB: OOGBEKTbl IOTOKA yMpaBJeHUs],
COeJIUHSI0IINE 06'BEKTHI, POJIH, apTedaKThl. Moziesn ¥ 3K3eMILJISIPhI;

10. UccnenoBanue noBeaeHus npouecca: deadlock, livelock, remaining activity, dead activity.
Soundness criterion;

11. AHasu3 6u3Hec-TIpoleccoB ¢ nmomoibio ceTeil [leTpu: boundedness, safeness, deadlock,
liveness, WF-net sound;

12. Alpha asroputm;

13. Alpha anaroputm: orpanuyeHnus. Alpha Plus anroputm;

14. Process Mining Tools: ProM, Celonis Process Mining for SAP systems;

15. Basbl jganHbIx NoSQL kak TexHosoruyeckass miaatdopma Ajs 06pabOTKH GOJbLIMX
JaHHbIX: Google Software Stack, Hadoop 1.0 / 2.0 (YARN) architecture;

16. NoSQL 6a3br ganHbix: XML, JSON Document, Resource Description Framework
(triplestores), key-value store, Cassandra Query Language.

JJI1  yCHelmHoro BOCIPUSTHS MaTepuaJa KypcoB CTYAEeHTaM IpejJaraeTcsi He TOJIbKO
TeOpeTUYECKUH MaTepuas, HO U ero MpakTHyecKas MOAJEPKKA B BHJE BBINOJHEHUS KOHKPETHBIX
MPOEKTOB C MCN0JIb30BAaHUEM NIPe/lyCTaHOBJIEHHbBIX IPOrPaMMHBIX cpef, B yacTHOCTH, SAP SQL Anywhere
16 Developer Edition u SAP HANA express edition (Virtual Machine Method).

B nepcnekTrhBe mnpejnosiaraeTcd pasBepTbIBaHUEe pAja CHelLHaJbHBIX NPAaKTUKYMOB IO
OTAEJIbHBIM HallpaBJIEHUAM HCCJIeﬂOBaHI/Iﬁ B HayKe O OAaHHBbIX, a TaKXe IIOIIOJIHEHHWEe MeTOANYEeCKUMHU
MaTepHaaMHu pa3pabaTbIBAaEMOr0 OTKPBITOTO 3JIEKTPOHHOTO pecypca [4].
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