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AHOTANIA

[losicHIOBasIbHA 3amKCKa MICTUTh 94 CTOPIHOK, BKJIOYae 35 pUCYHKIB, 2 TaOnuil, /
MOCHUJIaHb.

MeToro JUIUIOMHOI POOOTH € CTBOpEHHs 1HGOpMALIHOI cucTeMH OpOHIOBAHHS
(3ani3HUYHUX) KBUTKIB. CTBOpPEHO KIIEHTCHKUM JOJATOK 3a JIOMIOMOIOK) MOBH
nporpamyBaHHs Java B cepenoBuili po3podku Intelli) IDEA. Jlogatox mparroe 3
HEePEJSIIIHHOI po3nojiieHo 6a3zoro MongoDB.

Po3pobneno mporpamMHuii OpOAYKT OpOHIOBaHHS (3aJI3HMYHHMX) KBUTKIB 3
¢GyHKIIIMA OPOHIOBAHHS KBUTKIB 3 BHOOPOM MiCIIsl IJ1sl TAcaXKupa, aBTOPU3ALIil B CUCTEMI,
3 HaJIaHHSM PI3HUX PiBHIB JOCTYIY, BIAMIHOIO OpPOHIOBAaHHS KBUTKIB, OpOHIOBAaHHS KBUTKIB,
neperss BUIbHUX [JIs1 OpOHIOBaHHS KBHUTKIB, KOPUCTYBAadiB CHUCTEMH, 3a0pOHBOBAHHUX

KBHUTKIB, PEECTPAIIIEIO.

KirodoBi ciioBa: macmraboBaHa cucteMa, iHpopmalliiiHa cucrema, oOpoOKa JTaHMX,
3QJII3HUYHI KBUTKH, HepessliiHa 6a3a MaHux, po3mojaulieHa 0aza JaHuX, OpOHIOBaHHS

KBHUTKIB, BEJIUKI JaHl, Java, .



ABSTRACT

The explanatory note contains 54 pages, including 35 illustrations, 2 tables, links.

The purpose of the thesis is to create an information system for reservation (rail)
tickets. The client application was created using the Java programming language in the
IntelliJ IDEA development environment. The application works with a non-relational
distributed MongoDB database.

A software product was developed for booking (rail) tickets with functions provided
by choosing a place for a passenger, authorizing the system, providing different levels of

access, refusing to book tickets, booking tickets, viewing free tickets, user accounts.

Keywords: scalable system, information system, data processing, railway tickets,

non-relational database, distributed database, reservation of tickets, large data, Java.



SMICT

[TEPEJIIK CKOPOYEHb, YMOBHUX [TO3HAUYEHb, TEPMIHIB..........cc0ovvniieinenn, 8
|G A PP P TP PUPRPPPPRN 9
1. AKTYAJIBHICTD ICHYIOUMX PILHEHb TA OBI'PYHTYBAHHS BUBOPY TEMU
JUTITIOMHOTI'O TTPOEKTY ..o 10
1.1 Ananiz Mojenei apxXiTEKTYPH PIBHSA 03U JTAHMX ........c...rverrmrrrersnnnesinesessseesessssssessneee 10
1.1.1 30epeKEeHHS JAHUX B 0Q3AX JTAHKX ........ooooomirrvversmnresssssnssesssssssssssssssssssssssssssesssssssssnone 11

1.1.2 Monenb mimicHOCTI ACID 1 BASE ..o oo 11

1.1.3 Posmoain gaaux METOAUKOIO Sharding..............cccoovvoooovvvoooeeecoeeeecceeeeecceeeeecceeee 13

1.1.4 TIpoayKTUBHICTb OOPOOKHU AAHUX PIZHUX 083 JAHUX ....ooorverrrcrerreeresrnresiseeeesnnnes 16

2. 3AJIAYA I[TPOI'PAMHOI PEAJII3ALIT IHOOPMALIMHOI MACILITABOBAHOI
CUCTEMU OBPOBKH JAHUX ITPO BPOHIOBAHHS (3AJII3HUYHUX) KBUTKIB
B PEAJIBHOMY YACI HA OCHOBI HEPEJISILIIMHOT PO3IIOAIEHOI BA3U

J1N £ 10 G 18
3.0BIPYHTYBAHHS BUBOPY 3ACOBIB PEAIIBALIIL CUCTEMMU...........cccocc... 20
3.1. MoBa MPOTPAMYBAHHS JAVA ..........ovoooooeoeeeeeeeecoeeeeeeeeeeeeeesee e 22
3.2. DPeRMBOPK APACNE MAVEIN...............ooocioeeeeceeeecoeeeeee e 23
3.3. MoBa PO3MITKH HTML ..........cccooooiiiooooccoieeeeeceeeecceeeeee e 24
3.4 TEXHOIOTIS JSP ... 24
3.5. MOBa POBMITKH CSS.........oooovovvovooieiieeeesssss s 25
3.6. DPEHAMBOPK JUNIL ......ooooeevevsssee s 25
3.7.Po3moaineHa HEPEIAIAHA 0A38 HAHUX ............ccoomrrevvvveeeiesseeeesseesesssseeessosessssssseesssseess s 26
3.7.1 JloxymeHnTtHo-opienTOBaHa 0a3a qaHuX MongoDB..........coooooviiriccvvviiennen 27

3.7.2 MacIITAOYBAHHS O3 JAHKIX ........ooovvvvvvveeeresreeeeoeeeseeseseessssesssesssseessseessssssseesssseesnons 28

3.7.1 Posnopginenns 6a3u qaaux MongoDB Ha KIIACTEPH ........coovveevvvecceienrreeerrnnn, 29

4. OITUC ITPOTPAMHOT PEAJIIBALIL CUCTEMUM .......ooooviveeeeeeeeeeeeeeeeeees e 33

4.1 CrpyKTypa HPOTPAMHOIO 3a0C3IEUCHHS .............oooommrrreeeeesssoossoossssssssssssssessesssssssssesssssss 33


file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080

4.2. OTMUAC CTPYKTYPH OAZH JTAHTIX ........ooooovovveooosoossssosssosssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssosone 36

4.3 Onuc poOOTH 3 JAHUME CHCTEME............o.vvvvvvooooorosrsssssssseeeessssssssosssssssssssssssessesssssssssssnsssss 40
5. METOZIUKA POBOTHU KOPUCTYBAUYA 3 ITPOI'PAMHOIO CUCTEMOXRO ........ 45
9.1 CHCTEMHI BEMOTH .........ossrovvvvvoccesseseceooseeseses oo 45
5.2. POJTI KOPUCTYBAUIB B CHCTEMI .....oooooooooooeeoeeeeoeeeeeeeeeeeeeeeeeeeeeneeeseeseeeeseeeessesssssess s 46
5.3 Cuenapii po60TH KOPUCTYBAUIB POZPOOITIEHOT CUCTEMH .........oovovvveeeeeeeereeeeeeeeeneneneensnnee 47
BUCHOBK ...ttt 53

CITUCOK BUKOPUCTAHOTI JIITEPATYPH.......covooivoeeeeeeeeeoeeeereeeeeeesees e, 54


file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194080
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073
file:///D:/Downloads/Telegram%20Desktop/ЗВІТ.doc%23_Toc9194073

HTML

XML
DTO

DAO
SQL

NoSQL
JSP

JSON

POM

ACID

BASE

Sharding

HEPEJIIK YMOBHUX CKOPOYEHDb, TEPMIHIB

Hypertext Markup Language — MoBa po3MiTKH TiIepTEKCTOBUX JOKYMEHTIB

Extensible Markup Language — posmuproBana MOBa pO3MITKH

Data Transfer Object — mra6yion npoekTyBaHHs, JAJIs Iepeiadi JaHUX MK
miJIcCKCTEMaMu TIPOrPaMHu

Data Access Object — OG0’ ekt H0CTyIy 10 TaHUX

Structured Query Language — CrangapTHa MOBa JIJIsl KEpyBaHHS
pensaifHIMEU 0a3aMu JaHUX

Non SQL— TexHosoris 30epiraHHst HepesiiHuX 0a3 TaHux

JavaServlet Page — texHosorist 1s ctBOpeHHs auHamivaunx HTML-
CTOPIHOK

JavaScript Object Nonation— daitn, sikuii Mae mpoctuii hopMar aiis 0OMiHy
TaHUMH

Project Object Model — 11e XML-daitn, sikuit 30epirae Bcio iHhOpMaIiito mpo
IPOCKT Ta HaJAIITyBaHHS

Atomicity, Consistency, Isolation, and Durability — 11e konmemis, 1o
MOCUJIAETHCS Ha YOTUPH BIACTUBOCTI TPAH3aKIIM cucTeMu 0a3 JaHUX:
ATOMHICTb, ITOCIIIJOBHICTb, 130JIA111S Ta JJOBFOBIYHICTH

Basically Available, Soft state, Eventual consistency — akpoHnim, sikuii
BUKOPHUCTOBYETHCS JIJISl OTHCY BJIACTUBOCTEH NMEBHUX 0a3 TaHMX, K MPABUIIO,
6a3 maanx NoSQL.

[TapaiHr — 1€ METOJT PO3IMOALTY JaHUX MIXK JICKLTbKOMAa MaIllMHAMU IS
MIATPUMKH PO3TOPTAHHS 3 BEJIMKUMH HA0OpaMH JTaHUX 1 OTlepaIisiMu

BHUCOKOTO PIiBHS MPOITYCKHOT 31aTHOCTI.



BCTVYII

OpgHuM 3 BaXJIMBUX €TaliB, IPHU PO3pPOOI MPOrpaMHOro MPOAYKTY, SBIISETHCS
po3po0Kka apxiTeKTypu piBHS 0a3zu nanux. [IutanHs mono ePpekTuBHOTO 30epiraHHs Ta
BUKOPUCTOBYBAHHS BEJIMKUX JAHUX, Ta €(PEKTUBHOIO BWIIYUYEHHS 1H(OpMalli, cTae ayxe
BAKJIMBUM y 0aratbox rajnyssx Hamoro yacy. [1{o0 nigTpumaru 1e, npoMUCIOBICTb oYaja
pyXaTHUCs O HOBUX CUCTEM, sIKi HA3MBAIOThCs Hepesiinaumu abo NoSQL.

NoSQL 3miHI0€ mpaBuiia pisHUMHU crioco0amu, 1 BUKopucTanHs 6a3u qanux NoSQL
HalKpale CynpoBOKY€EThCS BIAMOBIIHOIO 3MIHOIO apXITEKTYpH A0JATKIB.

Pyx NoSQL mnpopomxye Habupatu oO0epTiB, Tak sK pPO3POOHUKH Bce OLIbIIE
BTOMJTIOIOTHCS BiJl TPAIUIIIMHOTO yrpaBiiHHS 0a3amu JaHux Ha ocHOBI SQL 1 mykaroTh
MOJIIIIEHHS B TEXHOJIOT11 30€epiraHHs JaHuX.

[Tiaxin mo 6a3u manux NoSQL xapakTepu3yeThecs BIIMOBOIO BiJl CKIaHOCTI CEpBEPIB
Ha ocHOBI SQL. Jlorika mepeBipKH, yMpaBIiHHSA JOCTYIOM, 3iCTaBJIEHHS 3allUTYBaHUX
1HJEKCOBAaHUX JaHUX, KOPEJSIIli MOB'SI3aHUX JaHUX, BUPIMICHHS KOHQIIKTIB 1 MATPUMKA
oOMeXeHb MUTICHOCTI TepeMillyeTbcsi 3 piBHA O0a3zu manux. lle go3Bomsie NoSQL
30CEepeIUTHUCS Ha BUHATKOBIA MPOJYKTUBHOCTI 1 MacmTaboBaHoCTi. DyHAaMEHTAbHI K
npoOJieMH, SKi MOB'I3aHi 3 JaHUMH, HE 3HUKAIOTh, a MOBUHHI MEPEUTH 0 MPOTPaMHOTO
PIBHSI, UMM 1 XapaKTEPHU3YEThCA poOOTa 3 HEepeAliiHOW Moaeio 6a3 qanux NoSQL.

Oco0MuBICTIO TUTIIIOMHOT pOOOTH € BUKOPUCTAHHS CaM€ HEPEIAIIMHOT pO3MOIiIIeHOT
0a3u aHuX, SIK OJTHOTO 3 €()EeKTUBHHUX aAPXITEKTYPHUX PIIICHB PiBHA 0a3u JaHUX I pOOOTH
3 BEJMKUMHU JaHUMHU, BHUKOPHUCTOBYIOUM peaizallito i1HQOpMaIliiHOi CHUCTEMH PO

OpOHIOBaHHS (3ATI3HUYHUX ) KBUTKIB.
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1. AKTYAJIBHICTDH ICHYIOUUMX PIHIEHD TA
OBI'PYHTYBAHHSA BUBOPY TEMMU JUIIJIOMHOI'O
IHPOEKTY

CborojiHi cyvyacHi MIANPUEMCTBA AYMalOTh MPO Kpalll crnocodou 30epiraHHs Ta
KepyBaHHS CBOIMH JIaHUMH - Oyb TO IJIsl KPalloro po3yMiHHS KIII€EHTa, afanTallii 10 3MIHU
O4YiKyBaHb KOPUCTYBauiB, a00 JJi TOTO, MO0 MO0IaTH KOHKYPEHTIB Ha PUHKY 3 HOBUMU
JoJlaTKaMu Ta Oi3Hec-MojAesiMU. Sk Hacigok, OaraTo MPUNYIIECHb, SKi TPU3BEIH JIO
PO3pOOKH TONIEpEAHIX PENAMINHNX 0a3 TaHUX, 3MIHUITUCS :

e Bumoru 10 OUIbII BUCOKOT TPOYKTUBHOCTI PO3POOHUKIB 1 OUIBII IIBUAKOTO BUXOAY
Ha PUHOK, 3 TPAIUIIHHUMH )KOPCTKUMH PEIISALIHHUMHA MOJACIISIMH JaHUX 1 PO3POOKOIO
BOJIOCIIAy MOHOJITHUX JTOAATKIB, IO JAIOTh MOXJIMBICTH THYYKOMY METOJIOJIOTI,
MmikpocepBicam 1 DevOps, CTHCKarO4Yu MUKW BUITYCKY 3 MICSIIIB 1 POKIB Ha JHI 1
THKHI.

e HeoOXigHiCTh yNpaBIiHHA MAacCOBHUM 301IBIIEHHSIM HOBUX, IIBHUJKO 3MIHIOBAaHUX
TUIIB JaHUX - CTPYKTYPOBAHUX, HAIIBCTPYKTYPOBAHUX 1 MOJIMOPMOHUX JTaHHUX, 110
TeHEPYIOThCS HOBUMH KJlacaMu Be0-, MOOUTBHUX, comianbHuX 1 loT-moxaTkis.

e [Jlepexim a0 pO3MOAUICHUX CHCTEM 1 XMapHUX OOYMCIICHb, IO JO3BOJISE
PO3pOOHUKAM BUKOPUCTOBYBATH 1HGPACTPYKTYPY OOUUCIICHD 1 CXOBHIIl HA BUMOTY, 3
MOJKITUBICTIO 00CITYTOBYBaTH ayAUTOPIiIO B OyIb-sIKOMY MICIII, /1€ BOHU MPAIIOIOTh 1
IPalOTh MO BCbOMY CBITY. 32 CYBEPEHITET JaHUX.

e Sk Hacmimok, 3'IBUIMCA HepessmiiHi 6a3u gaHux, Taki sk MongoDB, 3 metoro

3a/10BOJICHHSI BUMOT HOBUX JIOJIATKIB 1 MOJI€pH13allil ICHYIOUMX HABAHTAXKECHb.

1.1 AnaJji3 MojgeJied apxXiTeKTypH PiBHA 0a3u JaHUX

[lossBa HOBOi JOKYMEHTHO-OPIEHTOBAHOI HepessiuiiHoi 06asu nannx MongoDB

HaJaga MOXMJIMBICTh IIMPOKOTO BHOOPY pPO3pOOKHM MOJENl apXITEeKTypHOrO piBHS 0a3u
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JaHUX, fKa MoYyana KOHKYpPYBaTH 3, BK€ HaOYBIIMMU MOMYJISPHOCT] Ta BUCOKOT'O PEUTUHTY

B KOPUCTYBaHHI, pelsiuiiHUMH Oa3aMu JaHUX, TakuMu sk MySQL.

1.1.1 30epe:xkeHHs JaHUX B 0a3aX JaHUX

30epiranHs 1aHuX BiI0YBa€ThCsl JOCUTH pizHuMH miaxogamu. Komu MySQL, sk 1
HIII pessiiiHI cucTeMu ,30epirae JaHi B TAOJIMISIX 1 BUKOPUCTOBYE CTPYKTYpPOBAaHUM
moBa 3anutiB (SQL) mist noctymy a0 6a3u nanux, MongoDB 306epirae gaHi sik JOKyMEeHTH
y nBiiikoBomy noganHi BSON (Binary JSON). B MongoDB nos'si3ana inpopmariis
30epiraeTbcst pa3oM JUIsl IMBUAKOTO JTOCTYITY 0 3alHTIB 32 JOMOMOT'OI0 MOBH 3alUTIB
MongoDB. Ilosist MOXXyTh BapitOBaTHCS B/l JOKYMEHTA 10 TOKYMEHTa; HEMa€
HEOOXiTHOCTI IEKIapyBaTH CTPYKTYPY JOKYMEHTIB y CUCTEMI - IOKYMEHTH
caMoOoIuUCyIoThes, Toal sk MySQL Bu 3a3naneriib BU3HauaeTe cxemy 0a3u JaHUX Ha
OCHOBI BalllUX BUMOT 1 BCTAHOBIIIOETE MPaBUJIA JJI PETYIIOBaHHS BIAHOCUH MIXK MOJIIMU Y
BalINX TAOIHIISX.

[Ipo6memun B MySQL BWHUKaIOTH NMpU HEOOXITHOCTI 3MiIHM CXeMH 0a3u JaHUX.
HeoOximHicTh B Mirparii, Moke MPU3BECTH JO BTPATH MPOJTYKTUBHOCTI OOPOOKH HaHUX.
Toni six B MongoDB nonaBaHHsI HOBOTO TIOJISI MOYKE OYTH CTBOPEHO 0€3 ypaxyBaHHS BCiX
IHITUX JOKYMEHTIB y 30IpIli, HC OHOBJIIOIOUM ILEHTPAIBHUN CHCTEMHUN KaTajor 1 He
BUBOJSIYM CcHCTeMy B aBTOHOMHMI pexum. lle pimenns NoSQL 3sBuioch 3
BIIPOBAKCHHSIM aBTO-IIAPAIHTY, 1 BOY/IOBaHOI peruTiKallii s Kpamioi MacimTaboBaHOCTI 1

BHCOKOT JIOCTYITHOCTI.

1.1.2 Moneas nigicaocti - ACID i BASE

ACID - 1ie KoHIIEIIIis, IO MOCHIAETHCS Ha YOTUPHU BJIACTUBOCTI TPAH3AKIIIN CHCTEMHU
0a3 JaHuX: aTOMHICTb, ITOCIIIOBHICTb, 1305111 Ta JOBTOBIUHICTb.
AobpesiaTtypa BASE o3nauae:
e Basically Available(anrin. B ocHoBHOMYy jgoctymHuii): Cuctema rapaHTOBaHO

JIOCTYTIHA JJI 3aIUTIB yciMa KOPUCTYyBayaMH.
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o Soft State (amrn. M'skuit crtaH): 3HaueHHs, 30€pekKEHI B CHCTEMi, MOXYTh
3MIHIOBATUCS Yepe3 MOXKIIMBY MOJEIb y3TO/KEHOCTI, K OMHUCAHO B HACTYITHOMY
Mapkepi.

e Eventually Consistent(auri. BpemTi-pemt mociigoBHui): OCKUIbKY JaHi JOAaI0ThCS

710 CUCTEMH, CTaH CUCTEMH MOCTYNOBO PEIIIKYETHCS MO BCIX BY3JIax.

baza nanux MongoDB cainye moaeni BASE. Bona nigTpumye aBTOHOMH1 OHOBJICHHS
Ha PIBHI OAHOrO JOKyMEHTa. [HIIMMHU CIOBaMH, SKIIO BiIOYBA€THCS OHOBIEHHS IBOX
3HaY€Hb B JIOKYMEHTI, BCl LI JIBa 3HAYEHHS YCHIIIHO OHOBIIOIOTHCS a00 3aJMIIAIOTHCS

HE3MIHHUMH (pUCYHOK 1.1)

What are atomic transactions?

Begin v
End

Pucynok 1.1 — Po6GoTa aBTOHOMHOCT1 OHOBJICHHS

Hoteniep MongoDB ne miaTpumyBama TpaH3akIlid 1 HE TapaHTyBajla y3TOJKEHICTh
naHux. Ane onoBiieHHS MongoDB 3.6, Taki ik BBeJICHHS KIIIEHTCHKHUX CECiii Ta BUITaIKOBA
MOCJTITOBHICTh, MPU3BENIO 0 HaJaHHS OUTBIIOT THYYKOCTI PO3POOHUKY 3aUIsl TOYHUX
HaJaITyBaHb 0a)XXaHOT MOCIAOBHOCTI, SIKY BUMArae rnporpama.

MongoDB 3abe3neuye HajnamTOBYBaHY MOJI€Nb Y3TO/PKEHOCTI Yepe3 mnapameTpu
readConcern (103BoJIsi€ KOHTPOIIOBATH Y3TOIKEHICTh 1 130JIAIIIMHI BJIACTHBOCTI JaHUX, 1110

3YUTYIOThCS 3 HAOOPIB PEILTIK 1 peruTik Habopy OcKoJKiB.) 1 writeConcern (omucye piBeHb
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nmiaTBepKeHHs Bil MongoDB s onepaiiiit 3anucy 10 aBTOHOMHOTO Ha0opy peruiik adbo
kiactepiB.). [IpUYMHHO-Y3TO/DKEHMI CEaHC O3Ha4ae, IO TOB'i3aHA IOCIIJOBHICTH
oreparliii 3YMTaHHA 1 3aMUCYy Ma€ MPUUYUHHO-HACIIIKOBUN 3B'SI30K, 110 BIIOOpaX)a€eThCs iX
BIIOPSIAKOBaHICTIO. [IporpaMu MOBMHHI NMEPEKOHATUCS, L0 TUIBKM OJIMH MOTIK 3a pa3
BUKOHYE 111 Onepalii B ceaHci KI€HTa.

MySQL BukopucroByto HactynHy Moaenb ACID (aromHa, mocnizioBHa, 130JIbOBaHA 1
MmiiiHa). lle o3Hauae, MmO SAK TUIBKK TPaH3aKIlis 3aBeplIeHa, JlaHl 3alUIIalThCs
MOCJIJOBHUMHU 1 CTAOUIBHUMH HA JIUCKY.

[le minKOoM MAXOAUTH IS TporpaMm, SKi He MOXYTh HECTH BTpPaTH JaHUX abo
HeBiAMmoBiAHOCTI. OnmHAaK TpaH3akiii BiAOMiI IS  OOMEKEHHsS TOPU30HTAIBHOT

MAacCIIITAa00BAHOCTI.

1.1.3 Po3monis manux merogukor Sharding

Sharding - 11e MeToa po3MOALTY JaHUX MIX JCKUIBKOMA MAIIMHAMU JJIS MIATPUMKH
PO3TOpPTaHHS 3 BEJIMKMMU HAaOOpaMH JaHMUX 1 ONEpAIlisiIMU BUCOKOTO PIBHS MPOMYCKHOI
31aTHOCTI.

Bucoki mBUAKOCTI 3amuTiB 1 HAOOpU MaHUX, OUIBIII, HDK CHCTEMHa OIEepaTHBHA
nam'siTb, MOXXYThb HaJaBaTH HaBAHTAXKCHHS Ha MOKJIMBOCTI BBOJY-BHUBOAY JHCKOBHX
HAaKOMMMYyBaudiB 1 Tporecopa cepBepa. Lli mpobOiieMu BUPINIYIOTBCS — ILISXOM
TOPU30HTAIBHOTO 1 BEPTUKAIBHOTO MaCIITA0yBaHHS.

e Beprukanpae macmraOyBaHHs mependOadae 30UThIIIEHHS €MHOCTI OJIHOTO cepBepa
IUIIXOM JOJaBaHHS JIOJJaTKOBOI OMEPATHBHOI MaM'siTi, MOTY>KHOTO MpoIiecopa ado
MICIIs IS 30epiraHHs.

e [opusonTanpHe MacmITaOyBaHHS BKIIOYAE MOAUT HAOOPY MaHMUX 1 3aBaHTAXKCHHS Ha
KiIbKa J0oJaTKoBUX cepBepiB. KokHa wmammHa o0poOiisie yacTuHy poOoYoro
HaBaHTa)XEHHA 3 TMOPIBHSHO MEHIIOK BapTICTIO, HDK BUCOKOTEXHOJOTIYHE
00JTaTHAaHHS JJ1s1 OJTHIET MAIITMHHU.

Sharding MongoDB mae MOJIMBiCTh pO30MBAaTH KOJICKIIIFO Ha ITIIMHOXXUHH JTAHUX, 11100

30epiraTu iX Ha JeKuIbKa yacThH. lle 103BOJsie mporpaMi BUXOAMUTH 3a MEXI PEecypciB
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aBTOHOMHOI'O cepBepa abo Habopy pemiik. KpiM Toro, BiH Moxe 00OpoOJATH PO3MOALIT
JaHuX 4yepe3 Oyab-sKy KUIBKICTh BY3JIB, 1100 MAaKCUMI3yBaTH BUKOPUCTAHHS JHCKOBOIO
OpOCTOpPY Ta JAWHAMIYHO 3alUTyBaTH OalaHC HaBaHTaXEHHsA. BoHa Takox Hamae
KOPUCTYyBauaM MO>KJIMBICTh aBTOMAaTU30BaHOT0 30010 Ta HaIMIPHOCTI.

Sx 1 MySQL, MongoDB sharding Mae MOXJIMBICTh BUKOHYBAaTH pPO3IMOAUI JaHUX Ha
OCHOBI Aiana3zoHy. MongoDB Takox miaTpuMye aBTOMaTHYHE PO3MOALT OOCITY JaHUX 1
PO30pYy MapHIPyTU3aLlil0 3aMUTIB.

Knacrep MongoDB ckiagaerscst 3 shard i, mongos (MapmpyTH3aTOp 3amuTiB) i
KOH(IrypamiiHuX cepBepiB (30epiraHHs MeTaJaHUX Ta KOH(PIrypaniiHUX HaJAIITyBaHb).

Monro nyxe epekTUBHUN B ACAKUX OOJACTAX, A€ PEJIIiiHI 0a3u JaHUX € 0COOJIUBO
CJIa0KKUMHU, SIK MacIITa0yBaHHS HEBITOMHX JOJATKiB, aBTOMaTUYHOTO PO3TOPTAHHSI.

Xoua shanding B MongoDB crannaptu3oBanuii, apXiTeKTopu 06a3 JaHUX MOBUHHI MAaTH
Ha yBa31 HACTYMHI MIPKyBaHHS:

Carnality - Bubepits kmaBimry shard, siky MOKHA JIETKO PO3AUIMTH II3HIIIE, SKIIO PO3MIP
0a3u JaHUX MEPEBUIILY€E PO3MIp IIMATKA.
e Yyrnusicth — BUOIp Kiaroda shard, sikuéi MOXKHA PO3JUIUTH IMi3HIIIE, SKIIO
Bi/1I0YBa€THCS IEPEBUIIIEHHS PO3MIPY HOT'O YaCTHHH.
e Po3noxain — xirtou Shard moBMHEH MOMIKUPIOBATHCS B PIBHOMIPHOMY PO3IOILII,
100 YHUKHYTH He30aJaHCOBAHOCTI.
e 3amuT — KOKCH 13 3alUTIB MpH3BeIe J0 oauHu4HOro Shard kimoua, sSKIo
OyIb-sKHii 3 3anUTIB Mae KoY shard. B iHImoMy BUnaaky BiH reHepye 3aluTh
IUTSL KoskHOoro shard.

B meBHMit MOMEHT Yacy HEOOXITHICTh MacIITaOyBaHHS CHCTEMH CTPYKTypH 0a3u
nanux MySQL. byne o6pano pimeHHs perumikaiii qanux. Xod i 10 MySQL mocuts ierko
J0/IaTy TIKAJTy YMTAHHS, alie KM Oyne macmTad maHoro 3amuty? Tyt i1 BimOyBaeThcs
CKJIQJIHUU eTarl.

IIpu po3poOui Master-Master perutikanii, sik 300paxeHo Ha pucyHKY 1.2, naHi

YCHIIIHO PEIUTIKYIOThCS MIPHU 3MiHI B OYyb-IKOMY 3 CEPBEPIB.
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slave master
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>
Ubuntu1  master slave Ubuntu2

Pucynok 1.2 — Master-master perikaris 8 MySQL

[Tpu Multi-master perutikaiii BAHUKaIOTh HACTYIHI IpoOaeMu(pucyHOK 1.3):
® HecTilika poO0Ta aBTOIHKPEMEHTY;
® YUTaHHS 3 BIJICTAJIOr0 cepBepa MOXKE MaTH 3acTapisii pe3ynbTaTH,
® perutiKallis KUIbLsS TOCUTh CKJIaJHA B pa3i BAHUKHEHHS MOMUJIOK;

® OJHONOTOYHA peruIiKallis, CXUiIbHa JI0 BiJICTABaHHSI.

Ubuntut Ubuntu3

master / slave
T

/ master

slave

Ubuntu2

Pucynoxk 1.3 — Multi-master perurikariis 8 MySQL

Ha Bigminy Bix MongoDB, MySQL ne icHye cranmapTHoi peanizaiii sharding. Xoua
MySQL npononye asa nuisxu ais sharding To6to: kmactep MySQL - BOynoBana GyHKITis
aBToMaTH4HOTrO KepyBaHHsa pynkimismu 1 MySQL Fabric - odimiiina ctpykrypa sharding,
ajyie BOHU PIKO PO3TOPTAIOTHCSA. 3BHUYAlHA MPAKTHKA IOJSITAE B TOMY, a0W IMiIKIIOYATH
BJIacHHI (PpeiMBOPK mapauHTy, 5K 1 3poommu Facebook ta Pinterest.

B MongoDB mnpucyrtHs miarpumka perutikamii master-slave (pucynok 1.4).
BukopuctoByeThcsi Ha0OpH pEIUTIK JUIsi CTBOPEHHS JIEKUIBKOX Komid manux. KoxkHomy
BY3Jly HAOOpy peruiik Oyze npu3HaueHa NepBUHHA a00 BTOPUHHA POJIb y Oylb-sKiil TOUIII
npoiiecy. YuTtaHHs / 3anuMc BUKOHYETHCS Ha MEPBUHHIN KOIii, a MOTIM PEIUTIKYEThCS Ha

BTOPUHHI PEIUTIKU(BY3JIH).
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Write Operation
Read Operation

Replication

PR T vuu
Balancer ™

Node A NodeB NodeC
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Slave A Slave B Slave C
Node D

Pucynoxk 1.4 — Master-slave pemikariis Ta master-master perurikaiisi BimoBiIHO

MySQL migTpumye sk perutikaiito master-slave, Tak 1 perurikamiro master-master.
Perikartis 3 jekinpbkoMa JpKEpesiaMHu Jla€ MOXKIIMBICTH TapajiesibHO KOITIFOBaTH JIaHl 3
NEKUTbKOX MakcTpiB. Y perutikaiii master-slave y3romkeHiCTh HE 3aHaJTO CKJIaJHa,
OCKUTbKH KOXEH ()parMeHT JaHUX Ma€ PiBHO oaHOTO BiacHuka. [Ipm perumikairii master-
master MySQL mnporoHnye Bci MOMJIMBOCTI 3aajii OOpoOKH JaHuUX 0e3 >KOIHOI TOYKH

BIIMOBH.
1.1.4 IIpoayKTUBHiICTH 00POOKHU JAHUX PiZHUX 0a3 JaHUX

Jlromu OGadate peanbHy NpoaAyKTHBHICTE MongoDB B ocHOBHOMY TOMY, IO
MongoDB no3Bonsie poOWTH 3alUTH IHITUM CIIOCOOOM, SIKMUA € OUIBII PO3YMHUM st
po60YOTr0 HAaBaHTAKCHHS.

Hampuknan, po3risHeMO KOHCTpPYKItO, sika 30epirae Oarato iHopmarii mpo
CKIaAHUI O0'€KT y HOpMali3oBaHOMY BHIJSAL. [l 1BOTO MOXJIHMBE BUKOPUCTAHHS
nBamistu Tabmuie B MySQL (abo Oynp-sikuii pensmiianii 60a3i qaHuX) ais 30epiranas
JaHUX y 3BHYaiHiA ¢opmi, 3 OaraThma iHIEKCAMH, HEOOXITHUMHU IJisi 3a0e3MeUeHHS
PEeTALINHOIT UTICHOCTI MK TaOTUIISIMHU.

Ternep po3riasHEMO TOW caMuil MU3aliH 3 MaKeTOM JaHuX. SIKIIo BCi Il MOB'sA3aH1

Ta0IuIl TIANOPSIAKOBAaHI TOJIOBHIM Tabnuill (a2 BOHM 4YacTo €), TO Oylle MOXIJIHUBICTbH
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3MO/JIEIIOBATH J1aH1 TAKUM YHHOM, 1110 BECh 00'€KT Oyie 30epiraeTbcsi B OAHOMY JTOKYMEHTI.
Y MongoDB MmoxHa 30epiraTu [aHi SK €IMHUNA JOKYMEHT, B €QuHIA Kojekiii. Tyt
nournHaeTbeas MongoDB, 1o 3a6e3neuye 4y 10By NpOAYKTUBHICTb.

Y MongoDB, 106 oTpumaT BCIO CYTHICTb, TOTPIOHO BUKOHATH:

® OJIMH MOUIYK 1HAEKCY Ha KOJIEKIIIT ;
® OTPUMATH BMICT OJAHIET CTOPIHKM 0a3u JaHUX ((paKTUYHUN O1HAPHUN JOKYMEHT
json)

Y MySQL 3 20 tabnuusiMu noTpiOHO BUKOHATH:

® OJIMH MONIYK 1HJEKCY Ha KOpPEHEBI1 TabuIli;

® 3 KJIACTEPHUM IHJEKCOM MOJXKHA TPUITYCTHTH, IO 3HAYEHHS KOPEHEBOTO psIKa
3HAXOIATHCS B IHIAEKCI,

e 20 + nmiarna3oHiB MOUIYKY ;

3aranpHa cyma aiig mysql, HaBiTh MPUITYCKAIOUU, IO BCl 1HAEKCH 3HAXOIATHCS B
namM'ati (o Baxkde, ToMy 1o iX y 20 pasiB Ouiblie), CTaHOBUTH Oim3bko 20 TOITYKiB
Jiaras3oHy.

TakuMm 4rHOM, JJI LIOTO MPUKIIATY, OCTATOYHUHN MOKA3HUK CTAHOBUTH MPUOJIM3HO B
20 pasziB OurbIie 3 MySQL, nmopiBusano 3 MongoDB.

Taxum ynnoM, MongoDB Moye miABUIIUTA TMPOAYKTHBHICTh Y JESIKUX BUIATKAX
BUKOPHUCTaHHSI.

OOxoxsiuM TPUKIAN, ONMUCAHWUW BHINE, MIJBUIIECHHS TPOAYKTHBHOCTI MOKHA
3100yTH, pO3POOUBIIIY ApXyTEKTYPHUU piBEHBb 0a3H JaHUX 3 BUKOPUCTAHHSIM HEPEISAIIHHOT
pO3MoALICHOT 6a31 TaHUX.

Po3pobka cucreMu 3 TOPU30HTAIBHUM MacIITaOyBaHHSIM, 3a0€3M€UNTh CUCTEMY TIPO

po OpPOHIOBAHHS 3aJI3HUYHUX KBUTKIB MiIBUIICHHSIM TIPOIYKTUBHOCTI OOPOOKH TaHUX.

BucHoBKkH 10 po3aiay:

B nanomy posznuni Oyno omMcaHO Ta MPOAHATI30BAHO aKTYaJbHICTh PIIICHHS

po3po0KHK MaciITabOBaHOI CUCTEMHU Ha OCHOBI PO3IMOALICHOT HEPEISIIINHOT 0a3u TaHUX.
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2. SAJAYA TPOT'PAMHOI PEAJIIBAIIT IHOOPMAIIMHOI
MACIHITABOBAHOI CHCTEMH OBPOBKH JIAHUX ITPO
BPOHIOBAHHS (3AJIIBHUNYHUX) KBUTKIB B
PEAJIBHOMY YACI HA OCHOBI HEPEJISINIHHOI
PO3MOAIJIEHOI BA3U JAHUX

[lepen BUKOHAHHSIM JIHUIIOMHOI POOOTH MiANPHEMCTBOM Oyjia MOCTaBlICHA 3ajada
OpraHi3yBaTH apXITEKTYypHHU piBeHb 0a3u JaHUX 17151 €PEeKTUBHOT 0OPOOKH BEIUKUX JTAHUX,
BUKOPUCTOBYIOUH HepesIiiiHy 6a3y nanux. O6paHo iHpopMalliitHy cucTeMy OpOHIOBaHHS
3QII3HUYHUX KBUTKIB JUIS BIIPOBAJKEHHSI apXITEKTYpHOTO PIBHS, 3 MOKJIMBICTIO
MaciTa0yBaHHSI CEPBICY.

3ajada TMOKpAIICHHS apXITEKTypHOro pPiBHS 0a3 JaHWX HEoOXigHA s JIOTI4HO1
CTPYKTYypU 30€peXeHHs MaHUX, IMIBUIKOCTI OOpOOKH NaHWX. BUKOpHUCTOBYHOYM CydYacHi
IporpaMHi TEXHOJIOT1i, PO3POOUTH CHCTEMY 3 BUKOPHUCTAaHHSAM HEpeJsIiiHOT 0a3u TaHuX
Ha OCHOBI TOPU3O0HTAIIBHOTO PO3MOIUICHHS JaHUX.

Po3pob6ena cucrema moBMHHA MAaTH HACTYIHI KpUTEPIi:

e MacmTaOyBaHHS CHUCTEMH IPHU HEOOXITHOCTI 30LIBIICHHS pPecypciB 0OpoOKH

TaHUX ;
e [BHIKAa OOpOOKa 3amuTiB, aJKe caMe pPO3MOJUICHHS CHCTEMH JI0IOMarae
IPAIIOBATH 3 YAOCKOHAJIEHHSM i MPOTYKTHBHOCTI,

e KIieHT-cepBepHmii maodnon [10.

B nmumnomsiit  po6oti Oyme MPOAEMOHCTPOBAHO BHUKOPHCTAHHS — BJIACHOTO
MPOTPAMHOTO TPOAYKTY NIl aBTOMAaTH3aIlii OpOHIOBaHHS 3aJI3HUYHUX KBUTKIB, a TAaKOXK
CydJacHOI apXiTeKTypHOI MOJiesIi piBHS 0a3u JaHUX ISl 0OpOOKH BEIIMKUX OOCSTIB JaHUX.

[Tporpamuuit IpoAyKT MOBHHEH MaTH TaKi (QyHKIIIT:

® aBTOpH3AIlis B CHCTEMI,;
e neperisy (3a13HUYHUX ) KBUTKIB;

® [eperysiJ KOPUCTYyBaylB CUCTEMU;
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® MOKJIMBICTh 3a0pOHIOBATH 3QJII3HUYHUX KBUTKIB;

e MOXJIMBICTh Ha/IaBaTH Pi3H1 PiBHI AOCTYIY 10 CUCTEMH.

BucHoBKkH 10 po3ainy:
VY po3aual omucaHo METY JTUILUIOMHOI poOOTH Ta OTOJIONIEH] BUMOTH JI0 PO3POOKH

CHUCTEMH Ta pO3pOOJICHOTO J0/1aTKa B IILJIOMY.
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3. OGITPYHTYBAHHSA BUBOPY 3ACOBIB PEAJII3ALII
CUCTEMHA

BaxxnuBuM 3aBIaHHsAM y po3poOlii MPOrpaMHOIro NPOAYKTY € BUOIp TEXHOJIOT1H, sKi
Oynu BUKOPHUCTaHI1 sl po3poOKu iHPOpMAIIHHOT CUCTEMHU PO OPOHIOBAHHS 3aT1I3HUYHUX
KBUTKIB.

J1Jist CTBOpEHHSI JaHOT CUCTEMHU O0YJI0 BUKOPUCTAHO IHCTPYMEHTH, SIK1 300paKeHH1 Ha

pucyHky 3.1.

( CepBepHa 4yacTuHa

—_— © git
Java Ma ven

JUnit

Lombok E ;9 )

Spece up your Java

i
N
Is IHTepd)euc Baza panux ’

BYE . —

Pucynok 3.1 — IHcTpyMeHTH pearnizallii mporpaMHOTo 3a0e3neueHHs

Jlns peamizanii iHGopMaIiitHOT CUCTEMHU TIPO OPOHIOBAHHS 3alli3HUYHUX KBUTKIB
OyJ10 BUKOPUCTAHO:

o cepenosuie po3podku Intelli] IDEA,;

o MOBY MpOTpaMyBaHHS Java Jyisl HAalMCaHHS CEPBEPHOT YaCTHHY,

o MOBY 1l po3MiTkH rineptekcty HTML 3 Bukopuctanusm texuosnorii JSP

JUIs1 opraHizaiii Beo-iHTepdency;
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o MOBY po3MiTku CSS 3 Bukopuctanus 6101i10teku Bootstrap s po3poOku
rpadiuHoro iHTepQency KopucTyBaya;
o TEXHOJIOT10 /1715 3a0€e3MeueHHs aBToMaTu3alii 30ipku npoekty Maven;

o Apache Tomcat 11 po3ropTanHs 3aCTOCYHKY Ha JIOKaJIbHOMY CEpBepi;

Git 17151 BepcitoBaHHS PO3POOJIECHOT CUCTEMU;

o 6a3y nanux MongoDB;

o pemsiiiny 60azy ganux MySQL aist oOrpyHTyBaHHS Ta MOPIBHSHHA 3
apXITEeKTYpHUM PIBHEM, SIKHI peai3oBaH 3 BUKOPUCTAHHIM HEPESUIHHOI0, PO3NOLIEHOT
0a3u JaHux;

o Junit, mpu3HAYCHMIA I HAITUCAHHS Ta 3aITyCKY TECTiB MOBOIO
nporpamyBanHs Java, Ta PowerMock, sik reneparop mock 06'exTiB mij 4ac BUKOHAHHS
TECTyBaHHS.

A6wu iHopmMmariiiiHa cuctemMa po OpOHIOBaHHS (3aJII3HUYHUX ) KBUTKIB Majia
MO>KJIMBICTb HE 3aJI€XKaTH BiJl MPUCTPOS, HA IKOMY Oy/ie 31HCHIOBATHCH BX1Jl Y CUCTEMY,
TomMy Oy oOpaHi He3aJeXH1 B orepariifHoi cuctemMu TexHosorii — Java, HTML,
Maven ta MongoDB.

MoBoro mporpaMyBaHHS BHCOKOTO piBHS Oyina oOpana Java, He Jsmime dYepes
3a3HauYeHy KpocciuiaThopMeHicTh, a TOMYy IO BOHa Mae Oarato 010mi0TeK, sIKi
JI0TIOMAraioTh CIPOCTUTH MPOIIEC HANAIITYBAaHHS 3aCTOCYHKY, a TaKOX CTaHAapTU3YIOTh
apxiTEKTypy Ta CTWJIb HAMHCAHHS KONy, IO BAXKIUBO [JII MOXJIHBOTO PO3ITUPECHHS
(GyHKITIOHATY THITUMU PO3POOHUKAMHU.

bazoro ganux Oymna o6para MongoDB B nepury depry uepe3 mBUIKOII0, aJKe TIPH
HAKOMWYEHHI JIaHUX 1€ BiJIrpa€ Ba)JIMBY POJb Yy MPOAYKTHBHOCTI poOoTH. binbin Toro
MongoDB siBnsieThCst 1OCTaTHRO HOBOIO TEXHOJIOTIEO SISl PO3POOKH apXITEKTYPHOTO PiBHS
0a3u nmaHuWx. A po3ramyKeHHs 0a3W MaHWX Ha JOJATKOBY KIIBKICTh BY3JiB, Hazae

MOXKJIMBICTh €)EKTUBHO 30€piraT Ta 00pOOIATH JaHI.
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3.1 MoBa nporpamyBaHHs Java

ApxitekTypa piBHS Oi3HEC-JOTIKH (IIPOLIECIB CUCTEMH) HAMKMCAHA MOBOIO BHCOKOTO
piBHs Java — 00’ €KTHO-OPIEHTOBAHOIO MOBOIO ITPOTrpaMyBaHHS.

Bubip muiardpopmu Ta peanizauii mpoayKTy Ha MOBI Java 3yMOBJIEHUN HasBHICTIO
BEJIMKOI KUIBKOCTI TEXHOJIOTIM Ta (QpelMBOpKIB, CTBOPEH1 i BHUPINIEHb HIMPOKOIO
CTIEKTpa MPHUKJIATHUX 3a/1a4.

OnHiero 3 TOJOBHUX IepeBar Java € BipryaibHa mammba (JVM), sika 3a0e3mneuye
KkpocruiatdhopMeHHicTh. ToOTO, mporpamy, CTBOPHUBIIY Ha Java Ta KOMITUTFOBABIIIH ii B OalT-
KOA, MOKJIMBO 3allyCTUTH Ha OyAb-sKii 1HIIN miatdopwmi, sika Oyne MiIATPUMYBATH
BipTyalibHy MamuHy Java. B takomy Bunaaky JVM Oyne piBHeM aOCTpakIlii M KOJAOM Ta
amapaTHUM 3a0€3MCUCHHSIM.

EdextuBHicTh mporpamm 0Oe3mocepeHbO TOB’s3aHA 3 TaM STTIO, a IaM’ STh
oOMekeHa, TOMY BUOIp MOBH MpOTrpaMyBaHHsS Java SBISIETbCS KpalluM BHOOPOM, ajke
NPUCYTHIH B Hili 30upad cMmitTs (auri. Garbage Collector) moxe 3HaxoauT 00’ €KTH, Ha SIKI
nporpamMa OUIbIIE HE IOCHUJIAETHCA, 1 BHAAIATH iX. X04 30upad CMITTS 3amoldirae
30€peKEHHIO TIaM’AT1, B pO3pOOIIl JAHOTO MPOTPaAMHOI0 MPOAYKTY OYJI0 BUSIBJIEHO HEHOJIIK
poOOTH 3 JaHOIO IEepeBaror, TOMY IMPOAYKT MOTpeOyBaB ONTHMI3allli, T€HEPYIOUHd Ta
IMITIOPTYIOYM AaH1 10 6231 JaHUX.

Tak sk Java € 00’ €KTHO-OpiEHTOBAaHA MOBA BUCOKOTO PIiBHS 3 JKOPCTKOO THITi3allifo,
BOHA MAa€ BHUCOKY HaJiiHICTh pobotu. Came TomMy Oyl0 BHUKIIOYEHO MHOKHUHHE
HACJIITyBaHHSI Ta BBEJICHO MOHATTS 1HTEpPEICy, IO ABILE COO0I0 «KOHTPAKT /IS KJIaCiBy,
1m0 OyAyTh IMIIEMEHTYBATH HOTO.

HactynmHuM, OoMHMM 3 BHCOKMX YHMHHHUKIB HQIIMHOCTI, € cHcTema s 0OpoOKu
IIOMHUJIOK Ta BUHSATKIB, SIK1 JUISTHCS HA BUIHU:

® BHHSITKOBI CUTYyaIlli, SKi PO3pOOHUK MaE 00OB’SI3KOBO OOPOOWTH, HATIPHUKIAMI: Y

BUIAJIKY, SIKIIO KOPUCTYBay yBIB HEOMYCTUMY KUIbKICTh CUMBOJIIB;

e cuTyarlii, SKi MOXYTh BHUHUKHYTH TPH OIEpAIliIX TaKWX SK: TICPEIIOBHCHHS

ram’siTi, sika BUHUKJIA YEPe3 HEYBaXKHICTh MPOrpaMicTa, yu podoTa 3 eJeMEHTaMU

MAaCHUBOM 3a MOT0 MEXaMHU.
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Java mpornonye pi3Hi 3py4H1 IHCTPYMEHTH ISl IpOrpaMicTiB, Taki sk Java APl — 1e
HaOlp KOMaHJ Ta METOJIB TaKUX K HANpPHUKIAA: MAKIIOYEHHS 10 0a3u JaHuX, 1o Oyio
MPIOPUTETHUM B PO3pOOIIL JaHOT IHPOPMALIIHOT CUCTEMHU.

[Mapagurma OOII HaniMiia MOBY TaKMMHU BJIACTUBOCTSIMU K MAacIITa00BaHICTb, IO
Jla€ 3MOT'Y HEOJHOPA30BO PO3LIMPIOBATU pO3pobiieHy cucteMy. MacmtabyBaTu cUCTEMY
MO>XHAa TaKUM YMHOM, a0 MpH JO0JaBaHHI B CUCTEMY HOBHX KOMIIOHEHTIB HE BHUHHUKAJIO
3MIH y BXe ICHyrouuX. Takoxk, TmepeBaror0 JaHOro MIiAXOAy € MOXKJIHUBICTb
BUKOPUCTOBYBAHHSI HAIMMCAHOTO KOJYy 0araTopa3oBo, IO 3HAYHO JOMOMAara€ 3MEHIIUTH
KUTBKICTh TOBTOPIOBAHOCTI KOJY Ta 3arajoM KUIBKOCTI HAITMCAHOTO KOY.

Java € po3MOBCIOKEHOI0 MOBOIO TMPOrpaMyBaHHs, TaK SK BOHA IIMPOKO

BUKOPHUCTOBYETHCA IJIA HAITMCAHHA piSHI/IX THIIIB IMPpOrpaMHHuX HpOJIYKTiB.

3.2. ®peiimBopk Apache Maven

Apache Maven — e ¢GpeiMBOpK s aBTOMaTH3aIlii 30ipKH MIPOEKTIB HA OCHOBI
ornucy ix crpykrypu B POM (anra. Plain Object Model) daiinax. Ile XML-daitn, sxuit
MICTUTH 1H(OPMAIIIIO PO MPOEKT, KOHQIryparlito, 3a1eKHOCTI (J101aTKOBI (PpeHMBOPKH) Y

BUTJIS, SIK 300pa)KeHO Ha PUCYHKY 3.2.

<dependency>
<groupIld»org.mongodb</groupld:>
<artifactId»mongo-java-driver</artifactId>
<version:»3.8.08</versions

</dependency>

Pucynok 3.2 — [puknan onucy 3aiexxHocteld B pPOM-daiini

Maven 3a 3aMOBYYBaHHSM MICTHTh CTAHAAPTHY CTPYKTYPY KaTaJIOT1B, SIK1 SIBISIOTHCS
TyKe MPaKTUYHUMH TIPH CyMICHOMY TIporpamyBaHHi. ['ooBHUIT KaTamor SCI MiCTUTh B 001

JIBa KaTaJoru: BXiJHUI Main ta tectoBuii test, sik 300pakeHO Ha pUCYHKY 3.3.
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Pucynok 3.3 — CtpykTypa KaTajorie maven npoeKTiB

3py4HUM JJI1 BUKOPUCTAHHS MpH 30IpIll MPOEKTiB € Halip (a3, Kl BUKOPUCTOBYE
Maven nnst kepyBaHHS KUTTEBUM LIMKIIOM MpoekTy. HalyacTiie BUKOPUCTOBYBAHMMU B
30ipIIi JaHOTO MPOEKTY OyJM BUKOPUCTaHI Taki ¢asu, sk clean — ouuIeHHsS IPOSKTYy Ta
install — BcTaHOBJIGHHS MPOrPaMHOro 3a0e3MeucHHs B JIOKAIBHUN perno3uTopiin Maven,
JUIsE JOCTYNy IIbOTO MPOrpaMHOro 3a0e3medeHHs] ISl 1HIIMX TMPOEKTIB MOTOYHOTO

KOpPHUCTYyBaya.

3.3. MoBa po3mitkn HTML

Jliist po3po6Oku front-end wactunu qanoi cuctemu Ta BimoOpaxenus i y surisiai Web-
CTOPIHKH, OYyJ0 BHKOPHCTAHO MOBY PO3MITKH TilepPTeKCTOBHX HoKyMmeHTiB HTML(anrm.
HyperText Markup Language). /lana TeXHOJIOTIsI SIBIISE€THCS OHIEIO 3 PO3MOBCIOKCHUX Ta
OCHOBHHX TEXHOJIOTi# 7151 0Oy a0BH Oy1b-s1k0i Web-cTopiHKH.

3pydHa CTpyKTypa HamucaHHs cropinku Ha HTML no3Bossie 3 jerkicTio po/1aBaTu
HEOOXIiTHI U1 MacIITa0yBaHHS CUCTEMH CTOPIHKH, a HAsSBHICTh TAKUX aTpHOYTiB, gk Id Ta

class, sBnsieThCS 3pyIHUM T pePaKTOPUHTY.

3.4 Texnouoria JSP

3aMicTh CTATHYHOTO BMICTY, SIKHIA € He 3MIHIOBaHUM, OyB BBeIeHuH Java Servlet mis
CTBOPEHHSI JUHAMIYHOTO BEO-BMICTY, SKHU MIAMOPSIKOBYETHCS BIAMOBIAHO /IO 3amMTIB
KOpHUCTYyBaua, HaMpUKJIAJl: BIAMOBIAb HA MOIIYKOB1 3aUTH. TUM HE MEHIII, 3aCTOCYBaHHS

Servlet st ctBopenHs npezenTadenbHoi HTML-cTopiHKH HE SBISETHCS MOKPALICHHSIM Ta


http://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%BF%D0%B5%D1%80%D1%82%D0%B5%D0%BA%D1%81%D1%82
http://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
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npe3eHTadenbHuM, a 3MiHa cTBopeHoi HTML-cTopiHku HE € TapHUM TOHOM B HaIlMCaHHI
MPE3EHTALIHHOTO PIBHS MPOTrPaMHOr0 NPOAYKTY.

Tomy mosiBa Ttexuosorii JSP (amrnm. JavaServlet Page) mnonermye 3’eaHaHHS
JUHAMIYHOTO Ta CTaTUYHOTO BeO-BMicTy. JSP, moniOHo g0 momyispHoro ASP (aHri.
Microsoft Active Server Pages), Takox 3a0e3reuye €JICTaHTHHH CIOCIO 3’€IHAHHS
JUHAMIYHOTO Ta CTATUYHOI'0 BeO-BMICTY. ['0JI0OBHA CTOpIHKAa HamuMcaHa MOBOIO PO3MITKHU
HTML, a nasBHICTH cHelllaJIbHUX TEriB 3a0e3neuye BCTaBKY (parMeHTiB MPOrpaMHOTO
Koza Ha Java. bizHec jorika Ta nmpe3eHTaluiifHui piBHI pO3yMHO PO3IOALIEHI.

JSP He sBnsieThes 3amiHOrO JavaServlet, e pisHi miaxoau 10 Npe3eHTAIIHHOTO PIBHS
HMPOrpaMHOro MPOAYKTY. B Toit MOMeHT, kosu Servlet — 1ie BuUKoprcTaHHS MOBH PO3MITKH
HTML B Java xonai, To JSP — 1e BukopuctoByBanns Java B cepeauni HTML ctpykrypu,
T00TO JSP € OLIbII 3pYUHIIIUM CIIOCOOOM I POOOTH 3 Mpe3eHTAIliEr0 WED-CTOPIHKH, aHIkK

CEpBJIET, ajie MEHIII MOTY>KHIIIUH.

3.5. Moga po3mitku CSS

CSS (anrn. Cascading Style Sheets) — creriannbHa MOBa, sika BHKOPUCTOBYETHCS JUISI
JU3aiiHy CTOPIHOK, HAITMCAHUX MOBAaMH PO3MITKH JTaHUX.

Bukopucranus CSS mossirae y 3abe3ledeHHI Mpe3eHTa0enbHOro BUTIIAAY Web-
ctopinkam. CSS mpamioe 3 mpudTtamMu, KOJIbOpPaMH, BHUCOTOI, IIHUPUHOIO,
MO3UIIOHYBAaHHAM €JIEMEHTIB, TOOTO HAJa€ CTPYKTYPOBAHOCTI BUTJISAY KOHTEHTY Ha Web-

CTOPIHIII.

3.6 ®peiimBopk JUNIt

Jis  unit-tectyBaHHsS B JaHid iHpOpMalidHIA cHcTeMi TIPO OpPOHIOBAHHS
(3an3HMYHUX) KBUTKIB OyB Bukopuctanui JUnit - e ppeiMBOpK, SIKUIl BUKOPUCTOBYE
aHOTaIll JUIsl TO3HAYEHHS METOJIB SK METOJIB TECTYBaHHS Ta iX HaJallITyBaHHA. Y

HaBeJieHIM Hikde Tabmuil 1. HaBeIEeHO OTrJisa] HaWBaXIMBINIMUX aHOTamiv y JUnit s



Bepcii 4.x Ta 5.x.
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Tabmuus 1. AHoTauii , Kl MOXKHa BUKOPUCTOBYBATH MPU TECTYyBaHHI.

Junit 4

Onwuc

@Test

Bu3snauae MCTOA AK MCTOJ TECTyBaHH:.

@Before

BukonyeThcst miepes; KOKHHM TECTOM. BiH BHKOPHCTOBYETHCS JUIS
HiATOTOBKY TECTOBOI cepeloBHINA (HAPUKIIA]], YATAHHS BXITHUX JaHUX,
1HIIIAJI3a11is KJIacy).

@After

Bukonyerbcst micisi KOXHOTO TecTy. BiH BHUKOPHUCTOBYETHCS JiA
OYMIIIEHHS TECTOBOTO CepeIOBUIIA (HAMPUKIIA, BUIAJICHHS THMYACOBUX
JTAaHUX, BIIHOBJICHHS 3a 3aMOBYYBaHHSM). BiH TakoX MOKe 3201 IUTH
nam'siTb, OYMCTUBILIN CTPYKTYPH MaM'ATI.

@BeforeClass

Buxonyerbcst onumH pa3, mepeA MOYaTKOM BCiX TecTiB. Bin
BUKOPHCTOBY€ETHCS JJIsi BUKOHAHHS IHTEHCUBHUX 4acy, HANpUKJIad, A
NIAKITIOYEHHS 40 Oasu jJaHux. MeToau, MO3Ha4veH! II€I0 aHOTal€clo,
MOBMHH1 OyTH BU3HAYEHI K cTaTU4Hi 1y poOoTH 3 JUnit.

@AfterClass

Buxonyerbcst oauH pa3, Micis 3aBeplIeHHS BCIX TecTiB. BiH
BUKOPUCTOBYETHCS JIJIi BUKOHAHHS OTEpallii OYMINEHHS, HANPUKIaI,
JUTsl BimKJIrO4eHHs Bim 6a3u nmanux. st poGorm 3 JUnit metonwm,
MO3HAYEH1 ITMM aHOTAIlIEI0, TOBUHHI OyTH BU3HAYEH1 SIK CTATHYHI.

@IgnoreOr @Ignore ("Why

[To3nauae, mo TecT MOBUHEH OyTH BimkiaroueHuil. Ile kopucHo, xoym
0a30BHii KO OYB 3MIHEHUI 1 TECTOBHI BUIIAJIOK I11€ HE OYB aJ1aliTOBAHHIA.

Exception.class)

disabled") o
A00, AKIII0 YaC BUKOHAHHS IIHOTO TECTY 3aHAATO JOBTUM JIJIs1 BKIIOUCHHS.
Haiikpamoro mpakTUKOIO € HaJaHHS J0JAaTKOBOTO OMKCY, YOMY TECT
BIIKJIFOYEHUA.

@Test (expected = He Brmaetnes, SIKIO METOI HE BUKMHE IMEHOBAHUM BUHSITOK.

@Test (timeout=100)

[IpoBanuthcs, AKio MeTo 1 3aiimae Outbire 100 mc.

Tak sx poboTa qaHOi CHCTEMH MOJIATajia B podoTi 3 0a3aMu JaHUX, TOMY JUIS

TeCTyBaHHS HeoOXiaHO Oyno BUuKopucToByBaTH PowerMock, sik reHepatop mock 06'exTiB

HiI[ 4aC BUKOHAHHA TCCTYBAHHAI.

3.7. Po3noaijiena HepeJsiniiina 6a3a 1aHux

B mamiii indopmarniiinii cuctemi mpo OpoHIOBaHHS (3aNI3HMYHHUX) KBUTKIB

BukopucTtanHs NoSql moB’si3ana 31 30epiranasM BeUKUX 00’ eMiB qaHux. Lli cucremu nyxe

MaciTaboBaHl, MOXKYTh €()EKTUBHO OOpOOISATH BEIUKI OOCATM AaHUX 1 MIATPUMYBATH

THYYK1, HamBCTPYKTypoBaHi gaHi. Cucremu NoSQL B oCHOBHOMY 0a3yl0ThCsl Ha MPOCTUX
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omeparllisix YNTaHHsI-3aMKCy, A€ MPOAYKTUBHICTh € BUPIIAIBHOIO MpobiieMoro. B nanuii yac
icHye Outble crta cucteM NoSQL 3 pi3HUMHU XapaKTepUCTUKAMH MOJENI JaHUX, PI3HUMHU
API noctyny o naHux.
ba3u nannx NoSQL knacudikyroTbcs Ha YOTUPH OCHOBHI KaTeropii, KOXHa 3 SIKUX
BIJIMOBIZIA€ PI3HUM BUJIaM 3aBJaHb:
e iro4-3HaueHHs (SimpleDB);
e JI0OKyMeHTO-opieHTOBaHa 0a3za ganux (CouchDB, MongoDB);
e IIMPOKHIT cTOBIMYMK ab0 kosoHKU-cim’st (Cassandra, HBase, Big Table);
e rpadu (InfoGrid, InfiniteGraph, Sones GraphDB).

I{s BenMKa HEOTHOPIAHICTD BIAKPHUIIA HOBI MPOOJIEMHU.

VY cBiTi auzain gannx NoSQL Bumarae 3Ha4yHUX pIIEHb MOJIEIIOBaHHS, SIKi
BIUTMBAIOTh HAa 3HAYH1 BUMOTH JI0 AKOCTi. Buibll TOro, MOBHOT 1 MOBHICTIO (popMati3oBaHOl
IpoLEeaypy MOJeTtoBaHHs qaHux it cucteM NoSQL He icHye. Po3noain nanux Bifirpae
3Ha4YHY pojib y cucteMax NoSQL , i 6araTto DOCTIIHMIIBKMX MIAXOJIB 3arpoBaIUIN

e(eKTHBHI METOJIU Ta AJITOPUTMHU MOIIUPEHHS AaHuX [7].

3.7.1 lokymeHTHO-OpieHTOBaHA 0a3a nanux MongoDB

Y umifi poOOTI MM BHU3HAYAEMO CTPATETII0O MOJIETIOBAHHS, SKa MIATPUMYE
BUKOPHUCTAHHS JJOKYMEHTHO-OpieHTOBaHO1 60a3u nannx MongoDB.

ba3u nmaHux mOKymMeHTIB OyiH, SK BHUIUIMBAE 3 iXHHOI HA3BW, MPU3HAYCHI IS
yOpaBiiHHS Ta 30epiraHHs MOKyMeHTiB. Lli JOKyMEHTH KOJYIOThCS y CTaHIAPTHOMY
dbopmati 0Ominy manumu, Hanpukiag, XML, JSON (HoTaris Javascript Option) abo BSON
(Binary JSON). Ha pucynky 3.4 mpoeMOHCTPOBAHO B IKOMY BHTJISII 30€pIraroThCs JIaHi B

peAIiiHIT MoJieiIl TaHUX Ta B MOJIEN1 JIOKYMEHTIB.
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R1C1 R1C2 R1C3 R1C4 &K

R2C1 R2C2 R2C3 R2C4
L L Ll

R3C1 R3C2 R3C3 R3C4

R4C3 R4C4

PensmiiHa Mogeb OaHux JOKYMEHTHO-0pieHTOBaHA
MOAeNb

Pucynok 3.4 — Mogeni pensiiiiHoi Ta JOKYMEHTHO-OPIEHTOBAHOT MOJIETI JaHUX

CroBrenp 3Ha4eHb y 0a3ax JaHUX JOKYMEHTIB MICTUTh HaNiBCTPYKTYpOBaHI mapu
aTpuOyTiB iM'sl / 3HaueHHS crienudigyHuX JaHuX. OJIMH CTOBIEIb MOYKE MICTUTH COTH1 TaKUX
aTpuOyTIB, a KUIBKICTh 1 THN 3allMCAaHUX aTPUOYTIB MOXKYTb 3MIHIOBATUCS B PAOKa 0
psanka. Kpim Toro, Ha BIAMIHY BiJ IIPOCTHUX CXOBHII[ KJIIOU-3HAYEHHS, OOMABA KIIOYl Ta
3HAYEHHS MOBHICTIO IOCTYTHI JIJIsl TIOIIYKY B 0a3ax JaHUX JOKYMEHTIB.

[lepBunHe BukopuctanHs: ba3u maHuX NOKYMEHTIB € KOPUCHUMU JJis 30epiraHHs i
KEpYBaHHSI BEJIIMKUMHU KOJIEKI[ISIMA BEJIMKUX JaHUX, TaKUX SK TEKCTOB1 JOKYMEHTH,
MOBIJOMJICHHSI €JIEKTPOHHOT mmomTH Ta XML-JOKyMEHTH, a TaKOXX KOHIIENTYalbHI
«TOKYMEHTH», TaKi SK JAeHOpMaii3oBaHi (CyKyIlHi) TojaHHsA o0'ekta 0a3u JaHUuX,
HaAIMPUKIaA TPOAYKT abo KirieHT. BoHH Takoxk Xopotri /uist 30epiranss "3araibHuX" JaHuX
3arajoM, TOOTO HEPETYISIPHUX (HAMIBCTPYKTYPOBAHMX) JIAHUX, [0 BUMAraloTh IUPOKOTO
BukopuctanHs "HyniB" B PCYB/I (Hyni € 3armoBHIOBa4aMHu /IS BIICYTHIX 200 HEICHYIOUNX

3HAYEHb ).

3.7.2 MacmiTabyBaHHs 0a3U JaHUX
Cucremn 0a3 maHWX 3 BETUKMMH HaOOpamMH JaHWX abo0 J0JaTKaMH 3 BHUCOKOIO

MPOMYCKHOIO 3JaTHICTIO MOXKYTh KMHYTH BUKJIMK €MHOCTI OIHOTO cepBepa. Hampukiman,
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BHCOKAa YacTOTa 3alHTIB MOXXKE MPHUBECTU JO BHUYEPIAHHS PECypCiB IMpolecopa cepBepa.
Po3mipu poGouoro Habopy, IO MEPEBUIIYIOTH OOCIT ONEpPaTUBHOI MaM'dTi CHCTEMHU,
MIAKPECTIOI0Th EMHICTh BBOJ1Y-BUBOJY JIMCKIB.

Bunuisitots 1Ba MeTo1a MacITaOyBaHHS:

® TOpHU3OHTAJIbHE MAcCIITaA0yBaHHS;
® BepTUKAIbHE MacIITa0yBaHHS.

[Tin BepTUKAIBPHMM MacmTAa0yBaHHSAM PpO3YMIilOTh HAPOIIyBaHHS TIOTYKHOCTI
ycTarkyBaHHS ((I3MYHOIO UM BIPTyaJbHOr0) YW MPOrpaMHOro 3a0e3leueHHs 3a
JOTIOMOT 00 301IBIIEHHS KUIBKOCTI pecypciB. OOMeXeHHs B IOCTYITHIM TEXHOIOT1i MOXKYTh
OOMEXUTH TOTYXKHICTh OJHIET MAIIMHU NI JaHOi poOovoi HaBaHTaxkeHHs. Kpim Toro,
XMapHi TpoBaiiiepn MaroTh >KOPCTKI OOMEXEHHS Ha OCHOBI JIOCTYNMHHMX KOHQIryparii
oOnmamHaHHs. B pe3ynpTaTi iCHye TpPakTHYHUKA MaKCHUMyM I BEPTHUKAIHHOTO
MacTaOyBaHHS.

B naniit po60Ti BUKOPUCTOBYBAJIOCH TOPU30HTAIbHE MAcIITA0yBaHHS, SIKE BKIIOUAE
B ce0e Mo Habopy CUCTEMHMX JAaHUX 1 HABAHTAXKEHHS HA KiJIbKa CEPBEPIB, J0/1aBaHHS
JIOIATKOBUX CEPBEPIB 11 30UIBIIIEHHS €MHOCTI B MIpy HEOOXigHOCTI. Xoua 3arajibHa
MIBUIKICTE a00 €MHICTH OJTHOTO KOMII'FOTEpa MOKe OYTH HE BHUCOKOIO, KOXKHA MalllMHA
00po0JIsie MAMHOXKMHA 3arajibHOi po004Y0i HAaBaHTaKCHHS, MOTEHIIMHO 3a0e3Meuyroun
Kpanry e(peKTHUBHICTh, HIK OJIMH BUCOKOIIBHUJIKICHUN CEpBEp 3 BHUCOKOK ITPOITYCKHOIO
3MaTHICTIO. Po3mmMpeHHss éMHOCTI PO3TOpPTaHHS BUMAara€ TUTBKH JIOJABaHHS JOJIAaTKOBUX
cepBepiB B MIpy HEOOXIIHOCTI, IO MOXe OyTH JelIeBIIe B TOPIBHAHHI 3
BHUCOKOIPOTYKTUBHUM 00JIaTHAHHSM JIJIsl OAHOTO KoMIT'torepa. Kommpomicom € migBuieHa
CKIAJHICTh 1HGPACTPYKTYPH Ta 0OCIYyTOBYBAaHHS NIl PO3TOPTAHHS.

MongoDB migTpumye ropu3oHTaIbHE MacITabyBaHHS 3a JOMOMOTOIO TIap IiHTa.
3.7.3. Po3noaisienns 6a3u nanux MongoDB Ha kjactepu
MongoDB niarpumye ropu3oHTalbHE MacIITa0yBaHHS 3a JOMOMOTOIO MIApAIHTA.

Tepwmin "sharding" B 1iyioMy 3acTOCOBY€EThCS /10 0a3 NaHUX, 17€5 MOJISITAE€ B TOMY, 110

€IMHOTO KOMI'IOTEpa HIKOJIM HE MOXKe OyTH JIOCTaTHbO [JIsi 30epiraHHs BCIX JaHUX.
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Sharding BinOyBaeThcs mpu po3noLIi 0a3u JaHUX HA OKPEMI IIIMATKH, SIK1 3HAXOASIThCA Ha
PI3HUX MalIHAaX.

[IpoctuM mpukiIagoM Moxke OyTH: MPUIYCTHUMO, IO Y KOMIMaHIi € MallluHH, SKi
MOXYTh 30epirat 10 2 MUIbIOHIB €JI€MEHTIB JaHUX KJIi€HTIB. Temnep Oi3Hec mocsArae Iiei
TOUYKH PO3PUBY 1, IMIBHUJIIE 32 BCE, CKOPO MEPEBUILUTD 2,5 MUIbiIlOHAa KOpHucTyBayiB. OTxe,

BOHU BUPIIIMIA PO30UTH CBOIO 0a3y JaHUX Ha JIBl, sIK 300pa)K€HO Ha PUCYHKY 3.5.

2 minnioxu
KOpUCTYBAUIB

1 minnioH bt
KOpUCTYyBadis ROpMCEyBat e
Pucynok 3.5 — JlemoHctpartis npukiany sharding npornecy (pparmMeHTyBaHHS

OJIHi€T Oa3u JaHUX Y JIB1)

JJ1st apXiTeKTOpiB MPOTPaMHOTO 3a0e3MeueHHs XBIIIOBaHHs Tpo MongoDB 0yno He
CTUTBKM B HOTO THYYKIi CXeMi, CKUTBKH B ii BOY/IOBaHI# MATPUMIII.

3a MOmOMOror AEKITBKOX MPOCTUX MPaBUJI 1 MaIllWH, MITKITIOYEHUX, MOXKHA OyTH
TOTOBUMH 3aMyCTUTH Kiactep MongoDB B HalikopoTiiti TepMiHH.

Ha pucynky 3.6 moka3zaHo, Sk II¢ BUIJISIIA€E y TUIIOBOMY pPO3TOpPTaHHI BeO-

3aCTOCYHKY:
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] ]

1 CepBep aogatky : 1 CepBep aogatky :
] ]

: : ) ;
: PoyTep ; : PoyTtep :
! (mongos) [ I (mongos) [
] 1 I ]
]

L 1 abo Binblue poyTepis )

%.

“<u | KoHdirypauinHi
cepBepu
--~ 7 \_(replica set)

( 2 abo GinbLe wapais ]
LWapa Wapg

(replica set) (replica set)

Pucynok 3.6 — B3aeMo/1is1 KOMIIOHEHTIB B 130JIbOBAaHOMY KJIacTepi

Hatikpama gyactuna mporecy ¢parmenTaiiii MongoDB monsirae B Tomy, 1110 HaBiTh
OamaHcyBaHHsA (parMeHTIB BiOyBa€ThCs aBTOMAaTUYHO. ToOTO, SKIIO y Bac € IM'STh
¢dbparmMeHTiB, 1 ABa 3 HUX MaiKe MOPOXKHI, MOXKHA 3aaBToMaTu3yBaTu MongoDB takum
YUHOM, a0bu BCl (hparMeHTH OyJIi OJHAKOBO TOBHI.

Sk po3poOHUKY Ta agMIHICTPATOpy, HE MOTPIOHO Oarato TypOyBaTHCS, OCKUIBKH
MongoDB BukoHye Oinblly YaCTHHY Ba)KKoi poOoTH. Te & came CTOCyeThCs 1 YaCTKOBOT
BIIMOBH BY3JIiB: SIKIIIO Y KJIACTEP1 € MPABUIHLHO HANAIITOBAHI Ta 3aIllyIIeH] HA0OPH PEIUTIK,
YaCTKOBI BIIKJIFOUCHHS HE BIUIMHYThH Ha 9ac pOOOTH CUCTEMHU.

[Ipu posropranni sharding mnporecy moTpiOHO BHOpaTH KJIIOY 3 KOJEKINi Ta
PO3IUIUTH JaHi 3a JOIOMOI'OK0 3HAaUeHHs Kiroda. llel ko HasmBaeThbes kiaroueM shard,
SKAWA BU3HAYAE, SIK PO3MOAUISITH JTOKYMEHTH 3 KOJEKIl MK pI3HUMH (parMeHTaMu
KJ1acTepa.

Kitou shard — ue nose, sike icCHye B KO)KHOMY JOKYMEHTI B KOJEKIIi 1 MOXe OyTH
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1H/IEKCOBAaHUM a00 1HAEKCOBAaHUM CKJIaJ0OBUM nojieM. MongoDB BHKOHY€ po3/1lin JaHUX B
KOJIEKL1i, BAKOPUCTOBYIOUH Pi3HI Jiana3oHu abo OJ0Ku 3HayeHb KitoviB shard.

Koxxen niama3on abo 0JIOK BU3HAYae€ 4u HE MyOJIOETHCS 3HAUYCHHS KJouiB shard.
MongoDB nommuproe 6510ku Ta ix nokymeHntu cepen shard B knmactep. MongoDB Takox
PO3IOBCIOIKYE TOKYMEHTH BIJIIMOBIIHO 710 Alana3oHy 3Ha4Y€Hb y Kitoui shard.

106 niABUMIIMTH Ta ONTUMIZYBaTH MPOAYKTUBHICTb, (YHKLUIOHYBaHHSA Ta
MO>KJIMBOCTI 0a3u JaHUX, NOTPIOHO BUOpaTH MpaBuibHUM Koy Shard.

BuOip BignoBIAHOTO Kit0Ya KIaBlaTypH 3aJI€KUTh Bl BOX (PaKTOpIB:

e cxema JaHHX;

e Crocib 3acTocyBaHHS J10 3aNUTY 0a3M JaHUX 1 BAKOHAHHS Oreparliii 3amucy.

BucHoBKkm 10 po3ainy:

[Tpu po3poOdiri MPOrpaMHOTO MPOAYKTY BKIMBUM YHHHUKOM € TPABUIIBHHIA BHOIpP
3aco0iB mporpamMHoi peamizamii. Bubip cTeky TEXHOJOTi MOXKE CHUJIBLHO BIIMBATH Ha
POJIYKTUBHICTh CUCTEMH, a OCOOJIMBO Ha Taki (DaKTOPH, K MIBUAKICTH OOPOOKH 3aIUTIB,
HAJIMHICTh CUCTEMU Ta CTAOUIbHICTh CUCTEMHU MPU HAaBAHTAKEHHSX.

VY po3nini oOrpyHTOBAHO TEXHOJOTI Uil pO3pOOKH apXITEKTYpPHOrOo pIBHA 0asu
JAHMX Ta OMKCAHO T'OJIOBHI MPUHIIUITH iX BUKOPUCTAaHHs. BUHECEHO, 110 TPy BUKOPUCTaHH1
HEpeJSIiiHOI 0a3W JaHuX, CHUCTeMa IMOTpeOye TOPHU30HTAIBLHOTO MAacIITaOyBaHHS, SKE
3a0e3MeunTh CTA0LTFHOCTI CUCTEMH MPU BETUKUX HABAHTAXKEHHSIX HA CHCTEMY.

Takoxx 3po0OJeHO OrJIsAA TOJOBHUX TEXHOJIOTIH, $KI BUKOPHUCTOBYBAJIUCH TIPH
peaizallii mporpaMHOTrO MPOAYKTY, 30KpeMa 1€ MOBa IMporpamyBaHHs Java, ¢hpeiiMBOpK
30ipku mpoektiB Apache Maven, ta ¢GpeiiMBOpPKH I TECTYBaHHS, TOJIOBHI TEXHOJIOT1l

po3pooku front-end yacTunw.
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4. OITUC MPOTPAMHOI PEAJII3AIIII CUCTEMHU

Jlns aBroMartmzaiiii 1H(OpMaIiifHOT CUCTEeMH NpO OpOHIOBaHHS (3aJI3HUYHUX)
KBUTKIB HEOOX1IHO OyJ0 po3poOUTH MacmTabOBaHy CHUCTEMY 3 BUKOPUCTaHHSIM
HepedLiiiHol 0a3u AaHuX, SK €()EeKTUBHOTO PILIEHHS A1 POOOTH Ta OOpPOOKH BETUKHUX
JaHUX, 1 sika OyJe HaJaBaTH JOCTYI JO0 PI3HUX MOJYJIIB CUCTEMH BIAMOBIIHO 0 pOJi Ta
Ha/IaHUX MIPaB KOPUCTYBady.

[Tpu po3podiii gaHoi cucteMu Oysi0 0OpaHO BUOPAHO KIIIEHT-CEPBEPHY APXITEKTYDY,
TaK SIK 3aMUTH Bl OTHOTO 1 01IbIIE KIIEHTIB OyAYTh OOpOOISITHCS OHUM LEHTPAT130BaHUM
CepBepoM, 1 TMpalroBaTH 31 CXOBUIIEM IHPOpMAIl SIK 3 €IMHUM IIEHTPaTi30BaHUM
CXOBHIIIEM, TaK SK CEpPBEp TMpAIlO€ B MPO30POMY PEKHMi, HE 3HAIOUU PO iCHYBAHHSA
JEKUTBKOX KJIacTepiB CXOBHUIIA TAHUX.

JlocTynm 10 pi3HUX piBHIB (YHKIIIOHATY Ta JaHMUX JIJII KOPUCTyBaya 3aJICKHTh Bij
HOTO poJIi B CUCTEMI.

ApXITEeKTypHE pillleHHS PIBHS 0a3W JaHUX 3yMOBJIEHO OOPOOKOIO BEIMKHUX JIaHHX.
Kpim Toro, naHe pileHHs SBISE€THCA TOCTATHHO HEPO3MOBCIOKEHUM Ta HOBUM PIllIEHHAM
y po3po0i1i iHGOpMaIIHHUX CUCTEM, TOMY OyJI0 po3po0JIeHO BUKOPHUCTAHHS JTBOX PiBHIB
0a3 JaHuX, IS TaHOI CUCTEMH 3/ OOTPYHTYBaHHS IMocTaBiieHOl 3aaadi. OKpiM 1bOTO,
IOCTaBJeHA 3ajaya, pO3pOOKM HEPEISIIIHHOI po3mnoniieHoi 6a3u maHux, 3abesreuye
THYYKHUH ITIXIT Ta BIIMOBO-CTIHKICTh, TAKUM YHHOM 3a0€3IEYHBIIH CUCTEMY HAQTIHHICTIO

30epiraHHs JTaHHX.
4.1. CTpyKTypa IporpamMHoro 3ade3ne4eHHs

[Tin wac peamizamii apxiTeKTypu piBHA OI3HEC-JTOTIKM MPOTPAMHOTO MPOIYKTY
BUKOPUCTOBYBaIHCH pi3HI mabnonn GOF Taki sx: dabpuunmii meron, Komanpa,
Onunouka, byniBHUK.

CrpykTypa nanok roJoBHUX KaTaJoriB Ma€ BUIJISA 3T1IHO 10 Maven (ppeiiMBOpKY,

SK IMOKa3aHO Ha PUCYHKY 4.1.
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command

contraoller

Pucynok 4.1 — CtpykTypa namnok B mporpaMHOMY MPOTYKTi

['onoBHUMU Katanoramu €: SIC, target, .idea ta daiinis .gitignore, External Libraries,
Railway.iml ra pom.xml. ITarka SCr MicTUTB B CO01 JIOTIKY TIPOCKTY, Ta MOIUIIETHCS HA JIBI
TOJIOBHI TManKK Main, sika B CBOIO Y4epry MiCTUTh B c00i java, resources, webapp, Ta test, B
SIKIf 3HaXOIAThCS MOKPHUTTS BCiX METOAIB UNit-TecTamu.

[Tanka target 36epirae B co0i CKOMITUIbOBaHI (Hailiin MPOEKTY, K1 B MOMATBIIOMY
po3ropraloThcss Ha cepBep, .ldea micTuTh iH(OPMAIIO MPO TPOCKT , Ta SIBISETHCS
3reHePOBaHUM MPOrPaMOI0 MOJYJIb CepelloBHIna po3poOku, External Libraries — e

MOJIyJib, B IKOMY 30epiraeTbcsi HaOIp MIAKIIOUCHUX O10J10TEeK, K1 HEOOXIiaH1 Oymu s
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peaiizamii gaHoro npoekty, ¢ain Railway.iml cTBOpro€eTbCs aBTOMATHYHO MPU IMIOPTI
MIPOEKTY B CEPEAOBHILE PO3POOKH, TAKOXK AYXKE 3pYUYHO BUKOPUCTOBYBATH ITPU HACTYITHOMY
immopTi gaxoro mpoekty B IntelliJ IDEA mnoBropHo, 4 Ha iHIIOMY cepBepi, . gitignore
BIJICIIIKOBY€E IHTETPOBaH1 paiinu Ta pom.xml — 11e equHuit (aiin KoHIrypaii IpoeKTy B
Maven ¢peitMBOpKY, SIKHii MICTUTh FOJIOBHY HEOOX1AHY 1HOPMAIIIIO 1100 301PKU MPOEKTY
Ta 3aJI€KHOCTI.

[MTarka main moaiisieThes Ha:

e java, sKa MIiCTHUTb B CO0I1 JIOTIKY MPOEKTY apXiTEKTypy piBHS Oi3HEC-JIOTIKHU, Ta
KOH(Irypauio MmiJKIIO4YeHHs. Ta poOoTH 3 0a3010 AAHMX, a TAaKOXK pPoOOTy 3
npe3eHTaIIiHUM piBHEM, TOOTO 3 iHTepdericoM Ta 3aluTaMy KOPUCTYBaya;

e resources MICTUTh KOH(]irypaliiHi ¢aiau ajst podotu 3 6a3aMu JaHUX, Ta JJIs
B3aeMOIi1 3 iHTepdeiicom (Hanpukiam, 30epiratoThCs pi3H1 TUITH TTOB1IOMJIEHbD,
SIK 300pa)keHO Ha PUCYHKY 4.2 ) ;

e webapp MICTUTH pealizallito MPe3eHTAIIHOTO PiBHS IPOCKTY.

Pucynok 4.2 — IloBigomIIeHHS PO TTOMHJIKY

[Tamka java MicTUTB B 001 Taki MOIYJII SIK HA PUCYHKY 4.3 :

e Controller, sxuii BiamoBimae 3a mpuiiMaHHg Ta BiamoBige 3amuTiB(get/post),

SKUH BinOyBaeThes 3a mpoTokosoM HTTP;
e Command, B sskomMy BitOyBa€eThcs 00pOOKa 3aIHTIB;
e Service — 1e MOAyJb Oi3HEC-JIOTIKY;

e util, dao, dto — momymi, sIKi BiIOBIIAIOTH 3a B3a€EMO/IIIO 3 0a3010 JTaHUX.
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KnieHT
IHTepdpelic
—> KopucTyBaya [ —
(html cTopiHka)
3anuT 3a NPOTOKOMOM o L)B
HTTP (request) SQL zanut mong
MongoDB 6a3a gaHux
Bignosigs 3a —
NPOTOKONOM Java Kog Java Kojg Java Koj
HTTP (response) f \ — v— \ SQL signoeias
Mogaynb, wo Moaynb Monyrib Monyrib
nf:{:'m'\iae 22?13?:(: BisHec-norikn | [B3aemopaii 3 B[]
(Service) (util+dao+dto)
(Controller) (Command)
1 A 1 A 1 A l A
g J U J L J U J

Java kog Java kog Java Kkog

Cepsep

Pucynok 4.3 — Cxema B3aemoj1ii MOTYJIiB

4.2. Onuc cTpyKTypH 0a3u JaHUX

ITix yac mocTaHOBKY 3a7a4i OyJI0 BUPIIIEHO PO3POOUTH apXiTEKTYpHUH piBeHb Oa3u
JAHUX, KWW JIEMOHCTPYE HOBHM MiAXid JuIsi poOOTH 3 BEIMKUMH JaHUMHU. byno obpaHo
HepeJAliiHy posnoaiieHy 6asy nmanmx MongoDB, mms mokpamieHHs poOoTH 3
iHQOpMAIIIITHOIO CHCTEMOIO, a caMe I 3PYYHOTo MacmTaOyBaHHS CHCTEMH, IpHU
HEOOX1THOCTI.

MongoDB s ropu3oHTanbsHOTO MaciiTaOyBaHHS BUKOPUCTOBYIO IIAPJIIHT, CEHC
SKOTO TIOJISITAE B PO3MOALTY 0a3u JaHUX Ha OKPEMi YaCTUHU TaK, a0M KOKHY HOTO YaCTHHY
MOXHa OyJI0 BUHECTH Ha OKpeMmi cepBepa. OIHaK perutikailis JaHUX € 000B’SI3KOBUM TPHU
mapaiar nporecy B MongoDB. Pemnika cer ckimamaeThcs 3 cepBepa KoHpiryparii Ta
mapy. Koxxuuii cepBep siBisie co00r0 3amymieHuit mporec mongod.

Jlist po3poOku po3noaiieroi 6azu nannx B MongoDB ctBopeHo nBa mapaa Ta oguH
KoH]irypauiitauii cepsep. KoxeH mapj tTa KoHirypauiiiHuii cepBep CTAaHOBUTSH 3 ceOe Tpu
By3Jla, N1 BIAMOBO-CTIMKOCTI Ta 3pY4YHOTrO aBTOMATHUYHOI'O BIJHOBJICHHSI JaHUX, IpPU

BUHUKHEHH1 TPOOJIEM 3 OJIHUM 3 BY3IIIB.
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Komanau nist CTBOpeHHS
e configsvr no3Hayvae, 010 JaHUN CEPBEP BUKOPUCTOBYETHCS SIK KOHPITYypariiiHui;
e replSet mo3nauvae, 10 AKOro came HAOOPY HAJICHKUTH CEPBEP;
e shardsvr mo3nauae, 1o cepBep OyJe BUKOPUCTOBYBATHUCH SIK AP,
Ha pucynky 4.4 mpoeMOHCTPOBAHO MPHUKIAT KOMaH, SIKUMHU OyJIO CTBOPEHO TPH

KOH(irypaiiiifHa cepBepi, a Ha pUCYHKY 4.5 iHiLiani3alii TpbOX CEpBEPIB, SIK €UHOTO.

mongod --configswr --replSet "myrepl"™ --dbpath "C:\Program Files‘\MongoDB\Server\4.8\data\db_config 1" --port 27819
mongod --configswr --replSet "myrepl"™ --dbpath "C:\Program Files‘\MongoDB\Server\4.8\data\db_config 2" --port 270828
mongod --configswr --replSet "myrepl" --dbpath "C:\Program Files\MongoDB\Server\#4.8\data\db_config_3" --port 27821

Pucynok 4.4 — CtBopeHnHs 3-X KOH(DIrypaiiHux cepBepis

" : Timestamp(1559182352, 1),

: Timestamp(15 I o
jectId(" 000000000000000" )

" : Number

N

1
myrepl : SECONDARY> quit()

Pucynok 4.5 — Inimianizaiis TpboX cepBepiB KoHDIryparii

Taxuit camuii ipotiec OyB CTBOPEHHUIA 1 JIJIs1 IBOX IIAp/iB, sIKI BMIIAIOTh B ceOe 1Mo
TPH BY3JIH, /IBA 3 SIKUX € BTOPUHHUMH 1 OJIH MEPBUHHUN, 3 IKOTO BIIOYBAETHCS pETLTIKAIIIS
TaHUX.

Po6ora 3 By3namu 0a3u naHuX BiIOyBa€eThCs uepe3 EHTPATbHUN cepBep (poyTep).
HanamryBanus po3po6iieHOT apXiTeKTypHOI MOJENi TOJATan0 B HaJalITyBaHHI MOJENI
TaKUM YMHOM, a0MW CepBiC MpaIoBaB 3 0a30l0 JaHHWX, SIK 3 OJHHUM IIEHTPATI30BaHUM
pecypcom.

Ha pucynky 4.6 moka3zaHo TOJIOBHI KOMaHAM JUIsl HajallTyBaHHS poyTepa Ta

JO/IaBaHHS BCIX BY3JIB(IIApJiB) B €IUHUA TOJOBHUN cepBep, uepe3 sKuil 1 Oyne
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BimOyBatucs oOpoOka 3amuTiB 10 gaHux. Came Ha piBHI poyTepa AOCTYIYy A0 JaHUX
BiZIOyBa€THCS PO3MOALT JAHUX HA Pi3HI pernlika-CceTH, BUKOPUCTOBYIOUH JUIsl ITboro Sharding

key.

mongos --configdb "myrepl"/localhost:27819,localhost:278208,localhost: 278021 -port 47819
mongo --host localhost --port 47819

sh.addShard( “shardrepl/localhost:37819")
sh.addShard( “shardrepl/localhost:37628")
sh.addShard( “shardrepl/localhost:37621")
sh.addShard( "shardrepl2/localhost:37622")
sh.addShard( "shardrepl2/localhost:37823")
sh.addShard( “shardrepl2/localhost:37824")
sh.enableSharding(“railway_system™)

sh.shardCollection("railway_system.users”, { "id" : "hashed” } )
sh.shardCollection("railway_system.requests_sequence”, { "id" : "hashed” } )
sh.shardCollection(“railway_system.users_sequence”, { "id" : "hashed" } )
sh.shardCollection("railway_system.routes™, { "id" : "hashed" } )
sh.shardCollection{"railway_system.requests”, { "id" : "hashed" } )
sh.shardCollection({"railway_system.stations™, { "id" : "hashed” } )
sh.shardCollection("railway_system.prices™, { "id" : "hashed” } )
sh.shardCollection("railway_system.trains”, { "id" : "hashed" } )

db.users_sequence.insert({id: "users_sequence"”, sequence: 2})
db.requests_sequence.insert({id: “requests_sequence", sequence: 1})

Pucynok 4.6 — Komanau jy1s1 Jo1aBaHHS MIAp/AiB A0 TOJIOBHOTO poyTepa

Perutikariis maHuxX 1o By3iax BimOyBaeThCs Ha PIBHI peIUTiKa-ceTy, TOOTO TMiCis
po3noainy iHMopMalii MK ABoMa(B AaHOMY BHITQJIKy) peEIUTiKa-ceTaMd, HACTYIHUM

000B’SI3KOBUM KPOKOM € PETUTIKaIlis [IEPBUHHOTO By3JIa Ta JBOX BTOPUHHHUX, SIK 300paKeHO

Ha PUCYHKY

[ Poytep ]

34nTyBaHHSA

‘ MNepBuUHHWUIA ]

7
i J

BTopuHHNUN BTopuHHMi

Pucynok 4.7 — Pemutikaiiist JaHuX B KJlacTepi
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['onoBHOIO mepeBaror AaHOi apXITEKTYpHOI MoJeil piBHS 0a3u JaHUX MOJSATrae B
TOPU30HTANBHIA MaclITaboOBaHOCTI 0a3W JaHUX, TOMY 3 JIETKICTIO MOXKHAa JOJATH
JOJTATKOBUI peIutika-ceT, He MOLIKOAMBIIY BXKE ICHYIOY1 1aHl Ha PI3HUX KJIacTepax.

Jlist maciiTaOyBaHHSI CUCTEMU HEOOXIIHO:

® CTBOPHUTH HOBHI KJIacTep 3 MOTPIOHOIO KUIBKICTIO BY3JIIB B Hil;
® JI0JAaTHU JAHUM KJIacTep A0 poyTepa.

Jlana iHdopmaliiiiHa cucTema 3pydHa Jisi MaciTabyBaHHs, SIK PIBHS 0a3u JaHUX, TaK
1 piBHA 013Hec-noriku. Po3pobiieHa cuctema B3a€EMOJII€ HE JIMILE 3 TTOCTABIECHOIO 33]a4et0
poOOTH 3 HEpENAIMHOK PO3MOAUICHOT 0a3y JaHUX, a B3a€EMOJIIE€ 3 PENAIiiHOI0 0a3010
nannx MySQL mist HarnsigHoro nopiBHsHHS. Ha pucynky 4.8 moka3zana cxema 6a3u 1aHHX,

po3pobiena moBoro SQL(anri. Structured query language).

- station
2 d | stotion |

11 email t el o I
password " namet
name t ‘
surname  t Lo
pheone t |
admin b o'l2]

B 2 id 2 id
o from_time d 1 route_id A
to_time d compartment_free =
A 1 price_id A deluxe_free #
{) from_id A berth_free z
request O to.id x
A id c distance = Srica
O user_id A >\
) train_id A
L R

—<

P uen

P id
compartment_factor

deluxe_factor
berth_facter

Pucynok 4.8 — Cxema ctpykrypu 6a3u gannx MySQL

3pyyHuil miaxiA, sSKUM 3a0e3nedye BUKOPHUCTAHHS JIBOX PI3ZHUX apXITEKTYPHUX

MIAXO0/IB i1 poOOTH 3 piBHEM 0a3u JaHUX HAJAIITOBYETHCS MPH 3aMyCKy TOAATKY JIUIIIE
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3a moromororo oHiel konpirypartii: config.profile.database=mysql/mongodb.

['omoBHOIO mepeBaroro BUKOpuCTaHHs ©Oa3u pganux MongoDB B nanomy
MPOrpaMHOMY NPOEKTI € B3a€EMOJis 3 JaHUMHU 4Yepe3 MporpaMHUM Ko, a He dYepe3 3
BUKOpUCTaHHAM SQL-3anuTiB, SIKUX HE MOXJIMBO YHUKHYTH MPU poOOTI 3 PO3NOAUIEHOIO
6a3010 gaHuX. Takok HE MEHII BaXKJIMBUM € T€, 10 MPU HEOOX1AHIM 3MiH1 CTPYKTYypH 0a3u

JTAHUX TOTPIOHO B1IOOpA3UTH 3MIHM JIUILIE B IPOrPAMHOMY KOJ1.

4.3 Onuc pod0TH 3 TAHUMHU CUCTEMHU

Jlnst poGoTH 3 TaHUMU OyJIO BUKOPUCTAHO IIA0JIOHU IU3aliHy poOOTH 3 JaHUMHU TaKl
sk : DAO(anra. Data Transfer Object) Ta DTO(anrn. Data Access Object).

DTO BukopucTOBYETHCS JJIs TIepeAadl JaHUX MK KJlacaMH Ta MOJYJIIMH IIPOTPaMH,
1 siBJIsI€ cOOOI0 3BUYAMHUN 00’ €KT, KU 30epirae nani. B janomy nporpaMHOMY IPOJYKTI
dto BukopucTaHo as 30epiraHHs 00’€KTIB TakMX, K Hampukiaa: TICKet, sKkuii MiCTHUTh
iHpopMaIlilo Mpo KBUTOK Ta TrainRoute, sikuii MicTUTH iH(OPMAILIO TPO 3aTi3HUYHHUIA

MmapiipyT. CTpykTypa Ki1aciB 300paxkeHa Ha pucyHKy 4.9.

Pucynok 4.9 — Crpykrypa dto Ha npuKIIai KBUTKIB Ta 3aJII3HHYHUX MapIIpyTiB

DAQO iHKamncymoe JOTiKy JUIsi OTpUMaHHsS, 30€pEeKCHHsS Ta OHOBIICHHS TaHUX Y
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cxoBuili 1anux. Tooto mae onepauii CRUD, Taki sik cTBopeHHs, 30epexeHHs, 3YUTYBaHH,
BUJIAJICHHS Ta pejaryBaHHs. B maHomy mporpaMmHOMYy MpoayKTi Ha mpukiaai Tickets, dao

THKAICYJII0€ METOH, SIK1 MPOJEMOHCTPOBAHO HA PUCYHKY 4.8.

Pucynok 4.10 — Ctpykrypa dao B MpoeKTi Ha MPHUKIIAIl JOCTYITY 10 KBUTKIB

[lepeBara mapy DAO monsirae B ToMmy, 1m0 TIpH HEOOXITHOCTI 3MIHU MEXaHI3MY
MIePCUCTEHTHOCTI, HEOOX1HO Jimire 3MiHUTH map DAQ, a He BCi JOMEHH B JIOTIIlI JOMEHY,
ne BukopuctoByethes 1map DAO.

[TepeBaroro DTO-mmapy € Te, 110 BiH 10/1a€ 3HAYHY THYYKICTh APy 0OCITyTrOBYBaHHS,
a TIOTIM 1 10 TU3aiiHy BChOTO JoaaTka. Hampukias, 3MiHa BUMOT, 11O 3MYIITY€E TICPEHUTH 10
THIIOT KUTBKOCTI JaHUX, HE BIJIMBA€ HA PiBEHb OOCIYroByBaHHS a0O HaBITh Ha JIOMEH.
Heo6xinno nepenectu 3minu 10 kinacy DTO, nogatoun HOBY BIACTUBICTb, aji€ 3aJIUIIUABIIH
3arajibHui 1HTEpQec mapy ciyKO0u HE3MIHHHUM.

l'omoBHa 3amava gaHoi iH(OpMaIitHOT crCTeMU mojisArajga B poOOTI 3 BEIUKUMU
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nanuMu. J[iig 11boro HeoOX1MHO OyJIO CMOYaTKy 3reHepyBaTH BEJIUKUN 00’ €M JaHUX, JJIs

CHUCTCMU.

Ha pucynky 4.10 npoaeMOHCTpOBaHO 3alUTH JUIsl IMIOPTY BUIIAAKOBO T€HEPOBAHUX

JIaHMX B JSON-daiin (anri. JavaScript Object Notation) na ronoBuumii cepeep (poytep).

{ mongodb_import_railway_system.sh E3 I

mongoimport --host localhost railway system —--collection users
MONgoimport --nost localhost
mongoimport --host localhost

railway system --collection users
railway system --collection users
railway system --collection users
railway_ system --collection users
railway_ system --collec users
railway system --collection users
railway system --collection users

mongoimport --host localhost
ngoimport --host localhost
ngoimport --host localhost
ongoimport --host localhost
mongoimport --host localhost

R TR R IR

Pucynok 4.10 — Immoprt jSON-gaiiniB 3 qaHuMu 10 0a3u JaHUX
B nawniit 6a3i nanux Oyino 3a imnoproBano noHaj 130 tuc kopucTyBauiB cucremu. Ha
pucyHky 4.11 npoaeMoHCTpOBaHO BUBIJ KIJTBKOCTI KOPUCTYBayiB B JJaH1M 0a31 JaHUX Yepes
TepMinaia CMd ta Bukopuctanus komauau db.users.count().
Ha pucynky 4.12 npoieMOHCTpOBaHO BUB1JI KUIBKOCTI KOPUCTYBaudiB B CUCTEMI1 came

Ha Be0-3aCTOCYHKY, JIJIsl 3pYYHOTO 001y KIJIbKICTIO KOPUCTYBadiB B CUCTEMI.

B Command Prompt - mongo --port 47019 -u "root” -p “root” --authenticationDatabase "admin"

Pucynok 4.11 — KinbKicTh KOpUCTYBaUiB B CHCTEMI(TEpMiHaN)

Jlns memoHcTpariii, mo aaHi B 6a3i JaHUX CIMBIATAI0Th 3 JAHUMH, SKi BUBOIASATHCS HA
BeO-CTOPIHKY MOJAaTKy, MOKa3aHO Ha pucyHkax 4.13 Ta 4.12 KopucCTyBadiB CHCTEMH,

BIJIMIOBITHO CTIOYATKY BUBIJI B KOHCOJII 3a JOTIOMOT'0K0 MONQOS.
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E-mail Name Surname Telephone Admin  Action

root Admin Admin 0 true =

anissa.hansen@gmail.com Anissa Hansen (012) 345-67-80  false =

ned.watsica@gmail.com Ned Watsica (012) 345-67-89 false -
4

ramona.kuhn@gmail.com Ramona Kuhn (012) 345-67-89 false v

bev.williamson@gmail.com Bev Williamson (012) 345-67-89 lalse ,
b 4

Pucynok 4.12 — KinbKiCTh KOPUCTYBayiB B cCHCTEMI(TEpMIiHaN)

Mongos ans "MongoDB Shard” - nie ciyx06a mapmpyru3amii ayis koHdiryparmii Shard
MongoDB, mo o6po6iisie 3anuTi 3 MPUKIAAHOTO PiBHS, 1 BU3HAYA€ PO3TAIIYBAaHHS IUX
nanux y kmactepi sharded, mo6 3aBeprmté i omepariii. 3 TOYKH 30py HpOrpamu
HOPUMIPHUK MONQYOS TOBOIUTHCS OJHAKOBO 3 OYyIb-KMM IHIIMM EK3eMIUISIPOM

MongoDBIJ1].

" : 8, "email” : ° ", "password" :
"admin" : true

"surname" : "Hansen", "pt
5", "admin" :

: "Watsi
, admin"

a9feea7bb9

446000da85dab"), "id" : 4, "name" : ' rNe " : "Williamson", "phone"| : "(
il.com", "password" : "63a9f@ea7bb9 e85481845", "admin" : false }

446000da85d ol “id" : 5, "nam s surname” : "Harv
@gmail.com", "passu : "63a9feea7bb9 845", "admin"

Pucynok 4.13 — BuBin KOpuUCTyBa4iB CHCTEMHU B KOHCOJIb

Busizg BigOyBaBcs 1o id okpemMo 3a J0IOMOrol0 KOMaH/I!
— db.users.find({id: <id>}), tak sx ¢ynkmis db.users.find() Oepe 3HadyeHHS 3

JEKUIbKOX BY3J11B OJJHOYACHO 1 TOMY OTPUMAaHHI J1aH1 BUBOJSATHCS HE MOCTII0OBHO.
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BucHoBKH 10 po3aiay:

B nanomy po3auni onucaHo CTpYKTypy O13HEC-JOrIKM Ta 0a3u JaHUX MPOrpamMHOro
NpOAYKTY. PO3risiHyTO apXITEeKTypy CUCTEMU Ta B3aEMOJIII0 MOAYJIIB K MDK COOOIO TaK 13
CUCTEMOIO B LILIIOMY.

OcHoBHa iH(oOpMallis JAHOTO PO3AULYy MOJsAraja B OMUCI PO3pOOKH apXiTEKTypu
piBHA 0a3u JaHMX, TOOTO PO3poOKa HepessiiHOI 0a3u AaHUX, PO3MOJAUIEHHS CUCTEMH
3aB/ISIKM TOPU30HTAIBHOMY MaciiTa0yBaHHI0. [IpoananizoBaHo poOOTy 3 JAHUMU CUCTEMH,
BUKOPUCTOBYIOUHM iHTEep(deiic Ta TepmiHal.

Jlnst pobotu 3 6a3aMu TaHKUX Ta X 00’ €KTaMU OMKMCAHO MIA0JIOHHU, K1 JOTIOMAararTh
PO3pOOHTH MPAaBUWIBHY CTPYKTYpPY pOOOTH, a0u 3a0€3MEUUTH MOXIIUBY 3MIHY B CTPYKTYpI1
JaHUX, SIKE MOKE MTPU3BECTU JJO HEOUIKYBAaHUX MIPOOIIEM.

JlocikeHo poOOTy JaHOi CUCTEMHU 3 PI3HUMHM BHAaMU 0a3 JaHUX: PEALIMHOI0 Ta
HepesiiiHow. [IpoananizoBaHo poOOTy 3 KOKHOIO Ta 3p00JE€HO BUCHOBKH 3 IIepeBaraMu

Ta HEJOJIKAaMU KOYKHOI.
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5. METOJUKA POBOTHU KOPUCTYBAYA 3
INPOI'PAMHOIO CUCTEMOIO

Jlist poGOTH 3 CUCTEMOIO € TMEpetiK FOJIOBHUX BUMOT, SIKI HEOOXiIHI mpu poOOTI 3
naHoto cucremoro. Ilo-mepme migkimoueHHda A0 Mepexi [HTepHeTr  sBIsS€ThCA
HaWBaXIMBIIIOI0 BUMOTOIO.

[Ipu mepexozi Ha callT KOPUCTYBay OJipa3y MOTPAIUIs€ HA CTOPIHKY aBTOpHU3Allil, K
300paxeHo Ha PUCYHKY 5.1 , 1€ oapasy 1 BIIOYBAEThCA JOCTYI JO PI3HUX MOAYJIB, IPU
HAasIBHOCTI OTPIOHOTO PI1BHS AOCTYMY IO CUCTEMH.

Takox 111 KOKHOTO KOPUCTYyBaya CUCTEMU OJ[pa3y HAJAETHCS MOXIHUBICTH BUOODY
MOBH B10OpaX€HHS CTOPIHKH, SIK 300pakeHo Ha pucyHKy 5.1. Jlyis pobGoTH 3 cucTeMOr
HAJA€ThCS JIB1 TOJIOBHI Y BUKOPUCTaHHI MOBU: YKPaTHChKA Ta aHTIIIMCHhKa

Railway System EN  UKR

YBim
By He 3apeecTpoBaHi?
PeecTpauia

Pucynok 5.1 — I'onoBHa web-cTopiHKa cuCTeMU

5.1. CucreMHi BUMOI'H

AOM KOpuCTyBa4 MIr MpaIoBaTH 3 JAaHOKW I1HGOOPMAIIHHOIO CHCTEMOIO HOMY
HEOOXIHI MiHIMAJIbHI XapaKTePUCTUKH armapaTHOTO 3a0e3MeYeHHsl, sIKi HaBeIeH1 B TaOIuUIIi

HUX4YE 3.



Tabnuis 3. BuMmoru 10 anapatHoro 3a0e3nedyeHHs KIIeHTa

[IpucTpiii

XapakTepucTuka

[Ipouecop

Intel ® Core ™ 2 /2 Duo / Pentium ®
/ Celeron ® / Xeon™ /13 /15 / 17 uu
AMD 6/ Turion ™ / Athlon ™ / Duron
™ /Sempron ™ 3 TaKTOBOIO YaCTOTOIO

"e amxue 1.5 GHz.

OnepaTtuBHa IaM’SITh
(RAM — Random Access
Memory)

Pexomennosano ue meHiie 1| RAM

[IBunkicte 3’€¢aHAaHHA 3

IHTEpHET

PexomennoBano e meniie 128 k0/cex

OmnepariitHa cucteMa

Mac OS 9, Windows XP, Ubuntu 9

[TinTpuMyBaHi anapaTHi apXiTEKTYpH:

e 32-pospsiaHa (x86);
e 64-pospsnna (x64)

5.2. PoJjii kopucTyBayiB B CHCTEMI

46

VY po3pobiieHiit indopMaliifHiid cHCTeMI ICHY€E TPH POJIi, sIKi HEOOXITHI JIJIsi TIOBHOT'O

KOPHUCTYBAaHHS JTAHOIO CUCTEMOIO:
® aIMIHICTPATOp;

® KOpHCTYBau;

e BIANOBIZAIBHUHN 32 1HOOPMAIIIIO ITO KBUTKAM.

Jliarpama mpeneeHTiB, 300pakeHa Ha PUCYHKY 5.2 1eMOHCTpye TONOBHI QyHKIIIT

KOKHOT POJI1 B CUCTEMI.

3riiHo 3 JllarpamMolo MpeleIeHTIB, KOXKEH KOPUCTYBad CUCTEMHU Ma€ CBOi, HE CYMICHI

3 IHIIUMU POJSAMH (YHKIIIT 1151 pOOOTH 3 JAaHOIO CUCTEMOIO.
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CucTeMa GPOHIOBAHHA 3aNI3HUYHUX KBUTKIB

Q ABTOpW3aLyis

Bubip nynkTy A Ta

KopucTtysay pevicy

|
Bubip patu
3aNi3HUYHOTO
peiicy
Bupaneuus
KOpUCTYBauis
MNepernsg J
BpOHIOBaHHS KOpMCTyBaNiB cuctemmn
KBUTKIB

Hapanus
BHECEHHA faHNX NPO KOpUCTYBa4aM pi3HOTO
’— 3anisHUHI KBUTKM(peiicy, BuAly AocTyny A0

Mepernsag
BINIbHUX MiCLb
pasHux Kareropiv

O

ApmiHicTparop

Aaty, NOTArM) cucremm

Bupanexus ta
BianosigansHui 3a peparysaHHs jaHux npo

iHtbopmauito No keuTKaMm 3ani3HNYHI kBUTKM(pE#CH,

Aaru, noTarm)

Nepernsy, 6ineris 3
MOX/MBICTIO BiAMIHW
KOXHOro

Pucynok 5.2 — Jliarpama mperne/ieHTiB

Taxum YMHOM, aIMIHICTPATOP Ma€e HAaWBAKJIMBIII QYHKIIIT 11 KEpYBaHHS Ta 00iromMm
nanux. KopucrtyBau cucremu Mae (PyHKINi, sKi MalOTh OOMEXEHHUH (YHKITIOHAN, depes
piBeHb JOCTYyIy A0 MoaymiB. BiamoBimanpHuii 3a iH(MOpMAaIil0 MO KBUTKAM Mae
HaWBaXJIMBIMII (DYHKIINI, aJke, camMe B HBOTO 3aJIGKUTh, SKI came JaHi OyayTh

BUKOPHUCTAaH1 KOPUCTyBauyaMH, K1 JJaHI OyAyTh BHECEHI /10 Oa3H JTaHUX.

5.3. Cuenapii po00oTH KOpHCTYBaviB PO3P00JI€HOI CHCTEMH

ABTOpH3AIliS B CUCTEMY SBISIETHCS 000B’SI3KOBOIO /IJIsi OPOHIOBAHHS KBUTKIB. Jluie
aBTOPU30BAHUI KOPUCTYBAY, MA€ TOCTYII 10 CHCTEMH, B TAKOMY BUIIQJIKY BIH MOTPATISIE 710
HACTYIMHOI CTOPIHKY 3 Pi3HUM (YHKIIIOHATIOM, B 3aJI€KHOCTI BiJl POJIi JAHOTO KOPUCTyBaya
B CHCTEMI.

IIpu HeBpamiii crnpoOi aBTOPU3YBATUCh, KOPHUCTYBau OauuTh CIHOBIIICHHS, SIK
300paX€HO Ha PUCYHKY 5.3, Mpo HE BadiAHI JaHi, K1 BIH HAMaraeTbcs BBECTH, TaK CaMO

B1IOOpaXXY€EThCSl CHOBIIICHHS MPO 00OB’s3aHO HEOOXIIH1 3alMOBHEH1 MO JJISI BXOJY B
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CUCTEMY 300pak€HO Ha PUCYHKY 5.4.

a@aa ‘ IEE'e‘u't E-mai ’

|
Invalid E-mail or

Password Bu He 3apeecTposaHi?
Not registered? Sign Up PeecTpayis

Please fill out this field. |

Pucynok 5.3, 5.4 — CrnoBillieHHa CUCTEMH PO HETPABUIBbHUN BBiJl IaHUX Ta

000B’SI3KOBO 3aIIOBHEH1 TIOJISI 11T BXOY

[Tpu BiACYyTHOCT1 KOPHUCTYBaya B CUCTEMI, BiH MOKE IIPOUTHU MPOLIEC PeECTpaIrii
B CUCTEMY, SIK 300pak€HO Ha pUCyHKY 5.5. Jlyist iboro oMy He0oOXigHO OyJIO Ha TOJIOBHIM
CTOpIHIII HATHCHYTH Ha mocuianHs Peectparrist/Sing Up(ripd BUKOPHCTaHHI aHIITIHCHKOT

Bepcii cucTeMu) , 300paKeHOMY Ha pUCyHKax 5.3 ta 5.4

anastasia.kamenskay@mai
anastasiia

Streletska

| 0660503978 |

Pucynoxk 5.5 — Peectpairiss KopucTyBada B CUCTEMY
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[licns peectpamii uM aBTOpHU3allii KOpUCTyBada B CHCTEMi, KOPUCTyBau
noTparvisie Ha web-CTOpiHKy Ta 0auuTh Yy Xeaepl CTOPIHKM NpPHUBITAHHSA 3
BUKOPUCTaHHSAM HOro 1MEHI, TAKUM YUHOM, KOPUCTYyBad MOXE BIEBHUTHUCH, WIO
aBTOpPU3YBaBCs CaMe€ Ha B CBIi KaO1HET.

[Ticns mpoxoKeHHs aBTOpU3allli, KOPUCTYBad IMEPEXOJUTh Ha CTOPIHKY 3
BUOOPOM yC1 HEOOXITHUX JJIsl MOIIYKY AaHHUX, AKI HEOOXI1THO BBECTH, JIJISl MOLIYKY

KOHKPETHOTO peicy (pucyHok 5.6).

Aaronhaven v Aaronhaven v
Aaronhaven .

Abemathyhaven Departure time from:
Adamsland :

Adelineview 00:00

Adolphborough

Agripinaville :
Aichester h Trains
Alejandromouth |

Alexberg
Alonafort
Alphonsestad
Altenwerthshire
| Andersonville
Angelstad
Antonton
Archiemouth
Arianemouth
Arlenport
Arnettebury v

Pucynok 5.6 — ®yHkIioHaT BUOOPY KOHKPETHOTO 3QJII3HUYHOTO KBUTKA

KpiMm BuOOpy ™icT, KOopucTyBad oOupae, AaTy HEOOXINHY HJisi TOMIYKY
BUTBHOTO JIJIs1 OPOHIOBAHHS 3TI3HUYHOT'O KBUTKA.

ITo MOXITHBOCTI, KOPUCTYBa4 BKa3y€e Yac, IKHK KoMy 3pydHHi (PUCYHOK 5.7).
[Tpu BigCyTHOCTI BKa3aHOTO KOPHCTYBaueM Hacy, CUCTeMa MOKa3ye BC1 BUIbHI IS

OpOHIOBaHHS KBUTKH 32 KOHKPETHO OOpaHUH JCHb.
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Aaronhaven v Aaronhaven v
Departure date from: Departure time from:
06/11/2019 =B 4 00:00 v

Pucynok 5.7 — HeoOxigH1 A1 MONIYKY 3a1i3HUYHOTO KBUTKA 3alI0BHEHI JIaH1

[Ticns 3HaX0KEHHST HEOOX1THOTO 3aII3HUYHOTO KBUTKA, KOPUCTYBa4Y MOXKE 00paTu
MICIISI 3T1THO KJIacy MacakKUPChKOTO MICIIS, TaK KOPUCTYBa4Y MOXke OpaTu Oyib-sKe BIJIbHE
Miciie 3 kinacy: A, B, C (pucynoxk 5.8).

[lina Oyab-SKOrO KBHUTKA 3aJi€KUTh Bl OOpaHOr0 KOPHUCTYyBadeM Kjacy

Maca>xupCbKOIro MiCIISI.

Kharkiv v Kyiv v
Departure date from: Departure time from:
07/01/2019 00:00 v
Number From/ To Departure Arrival Seats Available
WC1-3138 Kharkiv / Kyiv 01.07.2019 14:30 01.07.2019 22:00 ,

Preorder Tickets

Pucynok 5.8 — Cropinka 3 BUOOpOM HEOOXiTHOTO 3aII3HUYHOTO KBUTKA

[Ticns BuOOpy Micip, MOCTyMHA (YHKIISA KUTBKOCTI 3alli3HUYHUX KBHUTKIB SKi

HEOOX1THI KOpUCTyBady( pUCYHOK 5.9).

Railway System  Main Hello, anastasiia EN  UKR  Logout
Train Name Surname Departure Arrival From To  Type of Price Count
Number Place
WC1-3138 anastasiia Kamenskay 01.07.2019 01.07.2019 Kharkiv Kyiv C (59) 600 x
14:30 22:00 1

Book Tickets

Pucynok 5.9 — CropiHka 3 BUOOPOM KIJIBKOCT1 MICIb JIJIsi OpOHIOBAHHSI KBUTKIB
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AnMiHICTpaTOp 0Apa3y Mics aBTOPHU3aLili B CUCTEMI MOTPAILISE€ HA CTOPIHKY, B K1
B1100paaroThbCsl KOPUCTYBadl cUcTeMU (pUCYHOK 5.10). AaMIHICTpAaTOp MA€E MOXKIIUBICTh
neperisiay yciX KOpUCTyBadiB cucTeMu. Uepes BEJIMKY KUIbKICTh KOPUCTYBaUiB B CUCTEMI,
Oys0 po3po0IeHO TOIIYK MO KOPUCTyBadaM, SIKWW J1a€ MOXJIMBICTH IIYKaTH B CHCTEMI
KOPHUCTYBAauiB MO:

® CIIEKTPOHHIN aapeci;

e IMEHI Ta MpI3BUILY KOPUCTYyBaya.

Railway System | Users = Tickets Hello, Admin EN  UKR  Logout

E-mail Name Surname Telephone Admin  Action

root Admin Admin 0 true

dierdre.reilly@gmail.com Dierdre Reilly (012) 345-67-89 false

larissa.flatley@gmail.com Larissa Flatley (012) 345-67-89  false
xiao.langosh@gmail.com Xiao Langosh (012) 345-67-89 false
elise.rippin@gmail.com Elise Rippin (012) 345-67-89  false

z
Find User
Name E-mail
Surname m

Pucynok 5.10 — I'osoBHa cTopiHKa aaMiHiCTpaTopa

Ha pucynky 5.10 TakoX BHAHO, IO MEPIIMA B CIIHUCKY KOPUCTYBAdiB CHUCTEMH €
aJMIHICTPATOP NaHO1 1H(OPMAIIHHOT CHCTEMH.

AJMIHICTpaTOp TaKOX Ma€ MOXJIMBICTh HaJaBaTH Pi3HI PiBHI AOCTYIY 10 IOAATKY
KOXXHOMY KOPUCTYBady, K MPOJIEMOHCTPOBAHO Ha pucyHKy 5.11. B criucky Ha pi3Hi piBHI
JOCTYILY 10 CUCTEMH € :

® 3poOUTH aIMiIHICTPATOPOM;
® 3pOOUTH KOPUCTYBAYEM;

¢ BHJAJIHWTHU KOPpUCTYBa4dad 3 CUCTCMHU.



anastasia kamenskay@mail ru

Pucynok 5.11 — HapnanHs kopucTyBayy HOBOTO PiBHS JJOCTYIly B CUCTEMY

anastasiia

Kamenskay

0440306985

false

Make an Admin v
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[lepexoasun Ha cTOPIHKY 3 1HGOPMAIlIEIO TPO 3a0pPOHBOBAH1 KBUTKH, aIMIHICTPATOP

cucteMu OauuTh KajeHaap s BUOOpY JaTH BUi3y, MO SKIM BiIOYBa€ThCS MOIIYK

3a0pOoHBbOBAHUX KBUTKIB. [1icisi BUOOpY KOHKPETHOT AaTH Ha CTOPIHII 3’ SABJISIETHCS CIIHCOK

3 B3QJI3HUYHUMM KBUTKaMH. OHUM 3 TONOBHUX (QYHKLIM agMiHICTpaTopa SBISIETHCS

MOXJIMBICTh BUJAJICHHS KBHUTKIB 3 CHUCTEMH, SIK YCIX KBUTKIB IO 3aJaHOMY JIHIO, TaK 1

KOHKpPETHOTO (pUcyHOK 5.12).

Railway System Users | Tickets
Data
12/06/2019 R4
June 2019 ~ 4([o[]»
vMon Tue Wed Thu Fri Sat Sun‘\
e 2B
3 4 5 6 7 8 9
07 N 12 |13 14 15 16
7 18 19 20 21 22 23
24 25 26 27 28 29 30
41-015 0I5-1209
76-REFI REFI-555
89-TRJ TRJ-7165
55-wWCl1  WC1-3134
90-RF5 RF5-1099

Name

Ramona

Dierdre

Larissa

Xiao

Elise

Mohamed

Simon

Surname

Kuhn

Reilly

Flatiey

Langosh

Rippin

Schinner

Ondricka

covin

Departure

12.06.2019
06:36

12.06.2019
05:50

12.06.2019
05:45

12.06.2019
04:06

12.06.2019
03:22

12.06.2019
02:02

12.06.2019
09:08

Arrival

04.06.2019
09:43

21.06.2019
08:28

10.06.2019
09:10

07.06.2019
06:08

31.05.2019
11:27

25.06.2019
11:48

21.06.2019
11:28

From

Durganfort

Darioland

East Stacy

Port Cruzfurt

New

Samantha

Reynoldsstad

East
Romanastad

To

Port

Jodyland

Otisstad

Tiannabury

Sawaynbury

East Stacy

Port

Nicolasaport

Kihnport

Type of
Place

Hello, Admin EN

Price Cancel?

(UAH)

556.71

619.91 v

515.31 v

1839.56

151.46

1267.85

12191

Pucynok 5.12 — MeHto ynpaBiiHHS 3a0pOHbOBAHUMH KBUTKAMHU

BucHoBKH 10 po3ainy:

B nmanomy po3auni onucaHo poOoOTy peanizoBaHOi iHPOPMAIIHHOI KIIIEHT-CEPBEPHOT

KR

Log out

i

cuctemMu 00poOku nanux. Hamano 1HCTpPyKIif0 poOOTH 3 CHCTEMOIO 31 CTOPOHH KJII€HTA,

BUKOPHUCTOBYIOUH Pi3H1 PiBHI JOCTYILY.
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BUCHOBKH

B mpomeci BHUKOHaHHS JaHOTO JUIUIOMHOTO TPOEKTY OyJI0 pO3TIsSHYTO Ta
JOCJIJPKEHO TPOIIEC PO3POOKH apXITEKTYpHOTO piBHS 0a3u JaHuX, ePeKTUBHOT 0OpOOKHU
JAHUX Ta MOXKJIMBICTB Kpatoro pimeHHs. Ha ocHOBI iboro Oyna ctBopeHa iH(opMairiiina
KIIIEHT-CEpBEpHA CHUCTeMa OOpOOKM JaHMX Ha OCHOBI CHUCTEMU TMPO OPOHIOBAHHS
3QJII3HUYHUX KBUTKIB.

® [IPOAHAJII30BAaHO BUJM APXITEKTYPHUX pillleHb PIBHS 0a3u JaHUX JUIsl €PEeKTUBHOI

OOpoOKM BENMKHX JaHUX Ta TMPOAHANI30BAaHO ABTOMATHU3AIIMHUIA MpOIIEeC

OpoHroBaHHs KBUTKIB. ChopmyiboBaHa MmpoOiemMaTika oOpOOKU BETUKHUX JTaHUX.

JIist BUpIIIEHHS MOCTaBIEHOT 3a/1a4ul OyJo BUPIIMIEHO CTBOPUTHU KIIIEHT-CEPBEPHUN

3aCTOCYHOK 3 PO3IMOAUICHOI0 HEPEIAIiHHOI 0a3010 MaHUX, aJKe 3aBISKH TaAKOMY

M1X0Ty MOKJIMBE TiIBUINCHHS e(PEKTUBHOCTI 0OpOOKU BEJIMKUX JTaHUX.

® [IOCTaBJICHO 33/1a4y PO3POOKH KIIIEHT-CEpBEPHOT MAcIITAOOBaHOT CUCTEMHU 0OPOOKHU
JaHUX PO OPOHIOBaHHS 3AMI3HUYHUX KBUTKIB 3 BUKOPHUCTAHHIM HEPENSLIAHUX
PO3MOAIICHUX 0a3 TaHUX.

® MPOBEJICHO aHAJ3 CTEKY TEXHOJOTIH sl po3poOKH iH(popMaIiiiHOT MacTaboBaHO1
KJIIEHT-CEPBEPHOI CUCTEMHU 00pOOKH JTaHUX MPO OPOHIOBAHHS 3aJII3HUYHUX KBUTKIB.

® OIMCAHO CTPYKTYPY MPOrpaMHOI peaizailii CHCTeMH.

® [IPOJIEMOHCTPOBAHO POOOTY CUCTEMHU 3a PI3HUX PIBHIB IOCTYITY A0 KOKHOTO MOJIYJIS

Ta HAJAaHO IHCTPYKIIiIO 10 BUKOPUCTAHHIO BeO-1HTEepdelicy.

Ha ocHOBI aHanizy mporpaMHoi peaiizaiii apXiTeKTypHOTO piBHS 0a3u JaHUX OyIo
3p00JIEHO BUCHOBOK, HEpEJsliiiHa po3mojiiieHa 0a3a JaHUX HE JOCTaTHHO MPAKTUYHA Y

BUKOPHUCTAHHI JJIsI TaHO1 iHGOPMAIIITHOT CUCTEMH.
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CIIUCOK BUKOPUCTAHOI JIITEPATYPH
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Texct Habopy MeTOIB AJist OOMiHY JaHUMHM 3 6azoro gaHux MongoDB

public List<User> findAll() {

MongoCollection<Document> collection =
MongoDbConnectionPool.getInstance () .getConnection ()
.getCollection (COLLECTION NAME) ;
List<User> users = new ArrayList<>((int) collection.count());
for (Document document : collection.find()) {

users.add (getUser (document) ) ;

LOG.info (LogMessageDAOUtil.createInfoFindAll (COLLECTION NAME)) ;
return users;

public User findById(Long id) {
MongoCollection<Document> collection =
MongoDbConnectionPool.getInstance () .getConnection ()
.getCollection (COLLECTION NAME) ;

Document document = collection.find(eq(LABEL ID, id)).first();
return document == null || document.isEmpty () ? null : getUser (document);

public User findByEmail (String login) {
MongoCollection<Document> collection =
MongoDbConnectionPool.getInstance () .getConnection ()
.getCollection (COLLECTION NAME) ;

Document document = collection.find(eq(LABEL EMAIL, login)).first();
return document == null || document.isEmpty () ? null : getUser (document);

public User create (User user) {
MongoCollection<Document> collection =
MongoDbConnectionPool.getInstance () .getConnection ()
.getCollection (COLLECTION NAME) ;

Document document = new Document () ;

document.put (LABEL _ID, user.getId());
document.put (LABEL EMAIL, user.getEmail());
document.put (LABEL PASSWORD, user.getPassword());
document.put (LABEL NAME, user.getName());
document.put (LABEL SURNAME, user.getSurname ());
document.put (LABEL PHONE, user.getPhone());
document.put (LABEL ADMIN, user.getAdmin());
collection.insertOne (document) ;

LOG.info (LogMessageDAOUtil.createInfoCreate (COLLECTION NAME, user.getId()));
return user;

public User update (User user) {
throw new IllegalStateException("Not implemented yet!");
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public void delete (User user) {
MongoCollection<Document> collection =
MongoDbConnectionPool.getInstance () .getConnection ()
.getCollection (COLLECTION NAME) ;

collection.deleteOne (eq(LABEL ID, user.getId())):;

LOG.info (LogMessageDAOUtil.createInfoDelete (COLLECTION NAME, user.getId())):;

private User getUser (Document document) {
User result = new User();

result.setId(document.get (LABEL ID, Number.class).longValue()):;

result.setEmail (document.getString (LABEL EMAIL));
result.setPassword (document.getString (LABEL PASSWORD) ) ;
result.setName (document.getString (LABEL NAME) ) ;
result.setSurname (document.getString (LABEL SURNAME) ) ;
result.setPhone (document.getString (LABEL PHONE) ) ;

result.setAdmin (document.getBoolean (LABEL ADMIN)) ;
return result;

Texct Habopy MeToiB 1151 0OOMIHY aHuMU 3 JSP-cTopiHkaMu

public void init () throws ServletException {
super.init () ;
Locale.setDefault (Locale.US) ;

protected void doPost (HttpServletRequest request, HttpServletResponse response)
throws ServletException, IOException {
processRequest (request, response);

protected void doGet (HttpServletRequest request, HttpServletResponse response)
throws ServletException, IOException {
processRequest (request, response);

protected wvoid processRequest (HttpServletRequest request, HttpServletResponse
response)
throws ServletException, IOException {
String page;
try {
HttpSession session = request.getSession(false);
if (session == null) {
request.getSession (true) ;

Command command = controllerHelper.getCommand (request);
page = command.execute (request, response);

} catch (ServletException e) {
//LOG. severe (e.getMessage ()) ;
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LOG.log(Level.SEVERE, e.getMessage (), e);

request.setAttribute (MES SAGE ERROR_ATTRIBUTE,
Message.getInstance () .getMessage (Message.SERVLET EXCEPTION)) ;

page = Configuration.getInstance () .getConfig(Configuration.ERROR) ;

} catch (IOException e) {
//LOG.severe (e.getMessage () ) ;
LOG.log(Level.SEVERE, e.getMessage (), e);
request.setAttribute (MESSAGE ERROR ATTRIBUTE,
Message.getInstance () .getMessage (Message.IO EXCEPTION)) ;
page = Configuration.getInstance () .getConfig(Configuration.ERROR) ;

} catch (Exception e) {
//LOG. severe (e.getMessage ()) ;
LOG.log(Level.SEVERE, e.getMessage(), e);
request.setAttribute (MESSAGE ERROR ATTRIBUTE,
Message.getInstance () .getMessage (Message.EXCEPTION) ) ;
page = Configuration.getInstance () .getConfig(Configuration.ERROR) ;

if (page == null) {
LOG.severe (PAGE IS NULL) ;
request.setAttribute (MESSAGE ERROR ATTRIBUTE,
Message.getInstance () .getMessage (Message.PAGE IS NULL)) ;
page = Configuration.getInstance () .getConfig(Configuration.ERROR) ;

response.setCharacterEncoding (CHARACTER ENCODING) ;
response.setContentType (CONTENT TYPE) ;

RequestDispatcher dispatcher = getServletContext ().getRequestDispatcher (page) ;
dispatcher.forward (request, response);
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AHOTALIS

Mertoto po6oTu Oys10 CTBOPEHHS MacIITaboBaHOI 1H(GOPMAIIHOT cucTeMH 00pOOKU
JaHUX Tpo OpOHIOBaHHS 3aJI3HUYHUX KBUTKIB 3 BUKOPUCTAaHHSAM HEpPEALiHOL
po3nonuieHoi 0a3u AaHMX, SK €QEeKTUBHOIO pilieHHs piBHA Oa3u nanux. [Iporpama
3abe3neuye edexkTuBHY OOpOOKY [aHMX 3a0pOHBOBAHHUX KBUTKIB . Po3pobiieHuit
apXITEeKTYpHUH piBeHb 0a3u JaHUX MOXKE€ OyTH BUKOPHCTAaHWUW Ha MIANPUEMCTBAX, SKI
PO3pOOIIIOIOTH CUCTEMY OOPOOKH BEJIUKUX JTaHUX.
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1 BIIOMOCTI ITPO ITPOI' PAMHMIT MOJIYJIb

Jlanuii mporpamMHuii MOyJib po3pobiieHo y cepenonuiii Intelli) IDEA, , BukopuctoByroun
TUNI30BaHy MOBY mporpamyBaHHs Java, MoBy po3mitku HTML 3 nonaBanusm JSP
TEXHOJIOT1i Ta JesKl He0OX1/IH1 JOAATKOB1 (peMBOPKH.

[Iporpama npusnauyeHa st epeKTUBHOT OOPOOKU JaHUX

1.1. Onwuc 10T14HO1 CTPYKTYpH

Bbyno po3po6ieHo nporpaMHuil NPOyKT, OCHOBHOIO 33/1a4€I0 SIKOTO € e(peKTUBHA 00pOoOKa

JaHUX.
CrpykTypa mporpaMu MICTHTh B 001 Taki MOy SIK:
e Controller, sxuii BignoBimae 3a mpuiiMaHHsA Ta BiANMOBiAbL 3amuTiB(get/post),
AKUM BiOyBaeThes 3a mpoTrokosoMm HTTP;
e Command, B sskoMy BinOyBaeThcss 00pOOKa 3aIHTIB;
e Service — 11e MOAYJb Oi3HEC-JIOTIKY;

e util, dao, dto — momyi, sIKi BiAOBIIalOTH 3a B3a€EMO/IIIO 3 0a3010 TaHUX.

1.2. ApxiTeKkTypHUl piBeHb 0a3M TaHUX

ApXiTeKTypHUH piBeHb 0a3u JaHUX pPO3pOOJIEHUH 3 BUKOPUCTAHHSIM HEPENSAIIAHOT
posnoainenoi 6a3u gaanx MongoDB.

Po3pobneHo ropu3OHTANBHME MMiaXin MacimTaObyBaHHS cucTeMu. ba3za maHux
po3mnoiyieHa Ha 2 KJIacTepH, Ta TOJOBHOTO POYTEp-CepBepa, KU PO3MOAUISLE JaHl MO

By3JlaM, BUKOPUCTOBYIOYH YHIKAJIBHUM KITIOY MIAPAIHKY.



1.3. Bxigni Ta BUXigHI JaH1

BxigHUMH TaHUMHU 119 CUCTEMH € :

aJMIHICTpATOD;
CTaHIIIT,
MapiIpyTH;
I[1HU;

BUIbHI MICIISL.

BuxigHumu jaHuMH €.

® 3a0pPOHBHOBAHI KBUTKH.
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2 BUKOPUCTAHI TEXHIYHI 3ACObUA

[Mporpamuuii Moaynp Oyio mportecToBaHo B Opaysepi Chrome 77.0 Ha mepcoHaibHOMY
KOMIT'FOTepi, SKuil mpamroe Ha 0asi mporecopy 2,6 GHz Intel Core i7 Ta mae 16 I'0
OTIEPATUBHOI TTaM’ATi.

MiHiManbHI XapaKTEpUCTUKHU AJI1 PO3TOPTAHHS JAHOI CUCTEMH JIOKAJIbHO MAalOTh
OyTH He MeHIle, HiK 2-X sijepHuil npouecop 3 yactororo 2.0 + GHz , ta onepatuBHOIO

mam’saTtTio B 81°0.



