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CYYACHI @OPMATH JAHHX TA iX BILUTHB HA HIBHIKO/IIO
BEE-JIOJIATKIB

E.C. dauenko

XapkiBchKHi HallloHAIBHHIT YHIBEPCHTET palloe/IcKTPOHIKH

Vkpaina, 61166, Xapkis, np. Hayku 14

E-mail: eduard.diachenko@nure.ua

Anomayin: YV naniii cratt Oyi1o posrisHyTo Ta NpoBeJeHo aHal3 cy4acHHX GopMaTis JaHUX Ta
IX BILUIHBY Ha [MBHJIKO/JIKO BeD-J0JaTKIB, a caMe [OHATTA (opMaTy [aHHX, OCHOBHI MOMYISAPHI
(hopMaTH Ta BapIEHTH IX BUKOPHCTAHHA. ¥ pelylbTaTl aHaly OVIIH NepelideH] cydacHl poipodkH,
BUABJIEHO IX NEpeBary Ta HeJoJIKH Ta MOKIIHE] [OKpallleHHs MBHIKO/IL BeO-10/1aTKIB,

Kmnouoei cirosa: kojyBanus, JaHil, Be0-101aTKH, IWBHIKOMIN, aHANI3,

MODERN DATA FORMATS AND THEIR EFFECT ON THE PERFORMANCE OF
WEB-APPLICATIONS

E. Diachenko

Kharkiv National University of Radio Electronies

Ukraine, 61166, Kharkiv, Nauky av, 14

E-mail: eduard.diachenko@nure.ua

Annotation: This article contains overview and analysis of the modern encoding formats and their
effect on the performance of web-applications, namely, what is a data format, main popular data
formats and their usage options. Modemn developments in the data formats, their advantages and
disadvantages and possible performance improvements of web-applications were listed as the result
of the analysis.

Key words: encoding, data, web-applications, performance, analysis.

AKTYAJIBHICTE POBOTH. 3 po3eHTKOM IHTEpHETY Ta 3pOCTaHHAM OOCAIIB JaHHX, IO
HNepe/laloThed WIOJHA, HocTac npodileMa Hee)eKTHEHOIO KojyBaHHA [JaHux. Benuuesni obearn
1HdopMalll, Wo HaAXOAATE 3 cepBepls, BeO-caiiTie Ta oHNaiiH-ceppicis, NoTpedyoTs 0OpOOKH Ha
NpHCTposAX KopHcTyBa4dis. Bubip needextuBHoro dopMary JaHMX MoMe NPHIBECTH JI0 3HAYHMX
3aTPHMOK, BHTpaT Tpaiky Ta HaBaHTameHHA Ha Opodecop. Merow mel poBorn e nokasaru
allbTepHaTHBHI OpPMaTH KOJYBaHH:H, 110 MOKYTh 3MEHIIHTH 00" eM MepelaHHX JaHHX Ta 3MEHIIHTH
HaBaHTaKCHHA Ha [pollecop.

Qopmar gaHux — He cnocld crpykrypyBaHus Ta 30epiranbs iHdopmauli s KoMn'loTepHoi
o0pobku. BiH BH3Hayae npaBHia, 33 AKMMM JlaHl NpejAcTaBleH] B nam'sTi komn'torepa. Bubip
thopMaTy JaHHX B OCHOBHOMY 3a/Ie3HTh BUI TUIY 1HQoOpMali, AKy noTpidHo 36epiraTi, Ta onepatliii,
AK1 HaJl Heko DYAYTh BHKOHYBATHCH.

Koaysanus JaHux — Lie npollec NepeTBOPeHHA JaHHX 3 oJHOro opMary B IHINHH. Y KOHTEKCTI
IHTEPHET-MEpe 1€ 3a3BH4ail 03Ha4ac NepeTBOPEHHA JaHHX 3 (popMaTy, AKHH BHKOPHCTOBYEThCA Ha
cepeepl, y thopmar, skuit Moxe Oyrd zpozymiinii Beb-Opayiepom abo IHIIMM  KIIEHTCBKHM
N0 IaTKOM.

JSON (JavaScript Object Notation) — ue TekcroBuii dopMar JaHHX, HKHI MIHpoKo
BHKOPHCTOBYETheA JUld obMiHY HdopMatiiclo Mok BeO-caiitamu, BeG-cepBicamMu Ta MoOUIBHHMH
nonatkamu [1]. Horo monynsipuicts 0GyMOBIEHZ NPOCTOTOI0 YMTAHHA Ta 3alHCY, 3PYYHICTIO
BHKOPHCTaHHA [UId JItoJIeil Ta MIMPOKOK MATPHMKO MOBAMH [IPOrpaMyBaHHA Ta 01010 TeKaMH.
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Ojak BiH Moxke Oyru Hee(eKTHBHHM JUld nepejladl BEJIMKHX OOCATIB JIaHUX Yepe3 TEKCTOBMIL
dopmar, nydmoBaHHS JaHMX Ta HeedekTHBHe KoayBaHHA. Tomy mepexin Ha Ouibil eeKTHBHHIA
(dopMaT JlaHHX MOKe 3HAYHO 3MEHIIHTH 06’ €M JaHHX, 110 MepelacThes KOKEH JIeHb Ta Yac i eHepris,
110 NOTPIOHI Ha iX JEKO/IyBaHHS.

Binapui Qopmat JlaHux — e ajabTepHatHBa TekctoBuM QopmaraM, Takum sk JSON, ski
30epiraioTh iHpOpMalio y ABilikoBoMy BUIIIAL, ToOTO Y BHrisal nocaigoBHocti 0 1 1. Ha Biaminy
BUL TEKCTOBUX (opMaTiB, skl € ynTabeabHUMH JUIs Jio/ieit, GiHapHi (opMaTH He IpU3HAYeH] JUls
NPAMOTO CHPHIHATTS TI0AMHOI0. IX nepeBara nonsrae B 3HauHiit eKOHOMIT po3Mipy Ta ed)eKTHBHOCTI
NnpH nepezavi Ta 30epiraHui JaHHX.

OCHOBHHMH TiepeBaramMu OiHapHHX (opMarTiB €:

—~  Oinapui QopMaTH AaHMX 3a3BHYAll MOTPeOYIOTH MEHIIOro OOCAry mam'dTi, MOPIBHAHO 3
TEKCTOBUMH (hopMaTaMH, 3aBJsAKH OUIbII IUILHOMY NAKyBaHHIO 1H(OpMALLT;

—  WIBHJIKOIA: nepeaya ta 06podka GiHAPHHX JAaHHX MOYKe OYTH 3HAUHO IIBMIIIOI, OCKUIBKH
He noTpebye /101aTKOBOIO eTaly JeKOlyBaHH;

~  BHMKOpHCTaHHs OiHapHHX (hOpMATIB JaHHX MOKE 3MCHIUMTH HABAHTAKCHHSA Ha MEpexy Ta
pecypeH MPUCTPOIO, eKOHOMISYH Tpadik Ta yac.

Jlo Henoanikie GiHapHuX (opMaTiB MOKHA BITHECTH:

~  OinapHi dopMmaTH JaHMX He € 4HTaOeNbHUMH U Jojeil, 1o YCKJIaJHIOE 1X aHali3 Ta
HAJIAro/UKCHHS;

—  Opayzeps 3a3BHYail He BMiIOTh e(peKTHBHO 00pobsATH TakKi opMaTH JaHHX.

Buaimmo wsactynui GinapHi QopMatH JaHHX, IO MOXYTb Oyrn 3amiHowo juis JSON:
MessagePack, Protocol Buffers, Avro. IlopiBusuus mwix ¢opmaris 3 JSON y mBHAKOAIT MOKHA
noGauuTH Ha puc. |, a NOPIBHAHHSA Y PO3MIpPI 3aKOJIOBAHHX JIAHUX MOKHA 10GaYMTH Ha pHC. 2.

Protocol Buffers, JSON, Avro and MessagePack

B Protocol Buffers [ JSON Avro [ MessagePack
600

400

200

o

Yac Ha KOAYBaHHA, MC Yac Ha AeK0AYBaHHA, MC

Dopmar

Pucynok | — IMopiBusiHHs dopMaTiB JaHHX Y IBH/KO/IT KoyBaHHs Ta JekoyBanns 100,000
3anucis [2]
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Pucynok 2 — Iopisusinns opmatis sanux y posmipi 100,000 3anucis 3ako1oBaHHX JaHuX [2]

3riIHO 3 NOPIBHAHHAM, HaHKpaluMm 3 BHAUleHHX (opmartis Janux mae O6yru Protocol Buffers,
TOMY PO3IJITHEMO HOTO JIOKJIa/IHIIIE,

Protocol Buffers (proto, protobufs) — 1ie gopmar cTpyKTYypOBaHHX JaHHX, 10 BHKOPHCTOBYETHCS
JUISL KOJLyBaHHS CTPYKTYp JaHHX 00'eKTIB y MOTIK OaiTiB i edekTHBHOI nepegayi ta 30epiranHs.
Bin pospobuennii komnanieio Google 1 HabyB mMpoKoi NONYIAPHOCTI 3aBAAKH CBOI KOMIIAKTHOCTI,
IBH/IKOCTI Ta MOKJIMBOCTI aBTOMATHYHOT reHepallii Koy JUlsl PI3HHX MOB NPOrpaMyBaHHS.

Jlo iforo nepeBar MOKHa BiJTHECTH HACTYITHE:

—~  aBTOMaTH4Ha reHepauis kojy: Protocol Buffers no3Bosise BH3HAYMTH CTPYKTYpY JAaHHX Y
(aiini .proto. 3 uporo aiiyly aBTOMAaTHYHO TE€HEPYIOTHCA KJIACH JUIS Pi3HHX MOB NpPOrpaMyBaHHS
(C++, Java, Python Tomio), 1o crnporye poboTy 3 JJaHUMH Ta 3an06irac MoMHJIKaMm;

—  CYMICHICTH BHepejl Ta Hasal: 3MiHH B cTpyKTypi sanux Protocol Buffers moxyrs Oyru
CYMICHI 3 MONepe/HIMU Ta HACTYIHHMHM BEpCIIMH KJIIEHTCHKHX JI0JATKIB 3a nesHux ymos. Lle
JI03BOJISIC OHOBJIIOBATH CEPBEPHY YacTHHY Oe3 HeoOXIHOCTI HeraiftHOT 3MIHH BCIX KIIICHTIB;

—~ niarpuMka Gararbox MoB nporpamysanus: Protocol Buffers mae odiuiitny nigrpumky s
GaraTbOX MOMYJISAPHHX MOB NPOrpaMyBaHHs, 10 PpoOHTH HOTO YHIBEpCaIbHUM PILICHHSAM /IS Pi3HHX
NPOEKTIB.

J1o iioro HeI0NIKIB MOJKHA BIIHECTH HACTYIIHE:

—~  TI0YaTKOBE HaBuaHHA: po3poOka 3 BHKopHcTanHAM Protocol Buffers motpebye poszyminns
KOHLENLIT Ta CHHTAKCHCY BH3HAYEHHS CTPYKTYPH JIaHHX Yy (aiinax .proto;

~  3aJeKHICTh BiZl BU3HaueHoi cxemu: Protocol Buffers BumaraioTh nonepeiHboro BU3Ha4YCHHS
CTPYKTYPH JIaHHX, LIO MOXKe OYTH MEHII IHYYKHM, HIK TeKkcToBl popMmatH, Taki sk JSSON.

Ane yci 6iHapHi opMaTH JaHHX MalOTh CNUIBHY NMpodiaeMy, 110 He Ja€ IM cTaTH 3aMiHoro JSON
AK OCHOBHOIo (hopMmaTy JaHMX JUIs nepeiavi AaHux BeO-J0JaTkaMm, a came npobieMy MiITpHMKH
BeO-Opay3epoM. MoBa nporpamysanns JavaScript Ta yci cepe/loBHIIIa BHKOHAHHS NMONYJISAPHHX BeO-
opaysepie (V8, SpiderMonkey, JavaScriptCore) ninrpumyiots JSON, a Ha onTumizaiiio poboTH 3
uuM GopMaTOM JIaHKUX Miluio Garato pokiB poGOTH IHAKEHEpPIB BEIMKHX KoMNaHii, Takux sk: Google,
Apple, Mozilla [3]. IIpobnema HeeeKTHBHOrO KOJYBaHHS JaHMX Ha CEpBEpax B¥KE BHPIlICHA.
IcHyIOTb TaKi TEXHOJOIT, 1O J03BOJAIOTE BUKOpHCTOBYBaTH OiHapHi dopmati s edekTHBHOrO
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obMIHY JaHUMM MUK cepBepaMi. Jlna BuplueHHs npodiemMH HeeeKTHBHOIO KOJYBaHHS JaHHX B
Opaysepax nuine 3apas 3" ABHIOCA PIlICHHA, 10 Mac IaHe Ha yerix — WebAssembly.

WASM (WebAssembly) — ne apliikosuii ropMaT IHCTPYKLLH JUIA CTEKOBOT BIPTYAIEHOT MALIHHH.
WASM pozpobieHo #K NepeHOCHY Uik KOMITUIALGT I8 MOB TIPOTPAMYBaHHA, LIO J03BOJIAE
BHKOHYBATH CKOMIIUILOBaHHI nporpaMuuii ko y cepefosuul, wo nyrrpumye WASM [4]. Baxe
choroani niarpumka WASM e v wotHprox Haiibinsmnx sed-Opayszepax: Chrome, Safari, Firefox Ta
Edge [5]. OcobnueicTio wiei TeXHOIOTI € Te, 1o nporpaMHmil koj Moxe OyTi Hanucauuii Ha Oy/ib-
AKiil MOBI IporpaMyBaHHA, IO NATPHMYE KOMNUIAL0 10 wiel nepenocHol wimi. Takumn MoBaMu
MOKYTE 0yTH C++, Go, Rust Ta in. lle no3Bonse CKOMIIMIOBATH ONTHMIZORAHHI KOJ HAMMCAHHI Ha
LHX MOBaX NPOrpaMyBaHHA Ta BHKOPHCTATH iioro y Be0-JI0JaTKy V1S BHKOHAHHA BaXKKHX 3a/1a4.

[leperaramu 1iel TexHonorii €

—  NOPTATHBHICTB: OJHH CKOMINUILOBaHWH NakeT Koy MOXUIHBO BHKOHYBaTH Y OyIb-fKkoMy
CEPEIOBHILL, 110 MAE MITPHMKY:

—  KOMMNAKTHICTb: cKoMnuikoBaHuii daiin mae penpesenrtanito GaiiTkojy, 1o BkKe roToBHil 1o
BHKOHAHHSA Opay3epoM Ta He noTpedye 0dpodKN;

—  WBHAKICTE BHKOHAHHA: 3aB/AKH KOMILUIALL Ta GopmMaTy penpesentaiii WASM e msnmmnm
3a 3BHHaiiHmii JavaScript.

Hepnomkamu miei Texsonorii e:

—  WASM Bee e 3Haxo/MThed Ha panuiil crajuii po3pobiu, xou ke 1 mae pepeito 1.0, a fioro
niirpuMka B Gpayzepax lle He € ealbHO;

—  WASM obMmesxye BHIHMICTb, BHMarae [ICOYHHI Ta HOKIAJAETECH Ha IaM 3Th KOMIT IOTEpY
HaMpAMY, 1110 CTBOPIOE NpobieMu 3 Desnekolo.

B sakocti npukiany Bukopucranns WASM  jna koayeanusa Qopmary Protocol Buffers
BHKOpHCTAaEMo  DiDmioTeky as-proto. lle ©OibmioTeka HamMcaHa Ha MOBI  NpOTpaMyBaHHA
AssemblyScript — moBa nporpamysaind, cxoka Ha TypeScript, ane Maioqy NUITPHMKY KOMIUIALLT 10
WASM. Ilio GibnmioTeky MOMHa J0JATH 10 Bamoro BeO-TIPOEKTY, 3rEHEPYBATH KOJ BiANOBIIHO
JOKYMEHTALIT Ta BHKOPHCTOBYBATH HAMpPAMY 3 Balloro Koy Ha JavaScript. [TopiBHAHHA mBHAKOIIT
KOAYBaHHA 3 iHmolo Oibniorexoro, protobufjs Ta 3 dynkuiero JSON.parse(), mo BOynopana B
Opayzepn Ta Oyna onTHMI30BaHA MOXKHA MODAYMTH Ha pHc. 3.

Ak moxkua nodayutH Ha pue. 3, ¢ynkiig JSON.parse() moke OyTH JIo HOTHpROX pasis
noBilbHINIE, HiK o0OpaHi aneTepHaTHBH. Bawnumeo niamitaTi, mo AssemblyScript — ue He
HHILKOpIBHEBA MOBa [POrpaMyBaHHA Ta Ha HIH BUACYTHH IMIUIeMeHTalid kojayeaHHs Protocol
Buffers axy pospodasnyn Ta onTHMIZ0BYBaIH pokamu, a 0idaioTexa as-proto NOBUIBHIIE JEKOIYE B
ocHoBHOMY depes 30ipuuk cmitTa (Garbage Collector) — AssemblyScript sabeaneuye jnyke npoctuii
30IpHHK CMITTA , AKHI He TAKHil XOpOWIHii, AK 30IpHHK CMITTA cepeloBHIIA BHKOHAHHA BeO-Opay3epa
Google Chrome — V8.

Bianopiano, 3 oHowdeHHsMH WASM Ta npH BHKOpHCTaHHI OUIBII HH3ILKOPIBHEROT MOBH
MporpaMyBaHHs, pI3HHLA Y WBHAKOAI Ha pHc. 3 Oyie cTaHoBHTHeA OUIbINE CXOKOW Ha TY, 1O
MoskHa nodauuTi Ha pue. 1.
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B as-proto [ protobufjs JSON.parse()
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KoaysaHHA, Onepauin 8 cekyHAay NexoaysanHAa, Onepauin 8 cekyHAay
Pucynok 3 — llopiBHAHHA WBHAKOIT KOJyBaHHsA as-proto, protobuf.js Ta JSON.parse() [6]

BHCHOBKHU. Xoua JSON € 3pyunum s jmojeii GopMaToM JaHuX, BiH HeeeKTHBHUIH Juis
nepejayi jlaHux 4epes intepuer. WASM Ta Protocol Buffers — ue nepcnekrusHi Texsosorii, siki
MOJKYTh 3HAYHO MOKPALIUTH IIBH/KO/IIO Ta eeKTHBHICTHL BeO-/10/1aTKIB.

Ha naunii MOMEHT, OCHOBHOIO TEPEIIKOJOI0 /Ui WHpLIoro Bukopuctanus Protocol Buffers B
Opaysepax € BIICYTHICTb BOY/JAOBAaHOT MIATPHMKH JUIS LbOrO npoTokony. Ane TexHosorit WASM
aKTHBHO PO3BHMBAETHCSA | Ma€ TOTEHILIAN BUPIILHTH 110 NpobiieMy.

Brniposajukenns WASM Bxke jlo3Bosisie BuKopycToByBaTi Protobuf B Gpaysepax, a 3 yacoM crane
OUIBII ONTHMI30BaHHM, WIO 3poOHTH ueil edexTHBHMI (dopMaT maHMX OB yHIBEpCATBHHM
pilieHHAM JU1st BeO-10/1aTKIB.
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