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3BiT nogibHocTi
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Haaga opranizauii
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O6Gcar aHangeHux nogibHocTen

KoediuieHT noaibHocTi Branayae, Akwi BIGOTOK TEKCTY NO BIAHOWEHHIO [0 3arankHore obcary Texkcty Byno aHanaeHo B piaHnx mkepenax. 3BepHiTe yBary, WO BUCOKI
3Ha4eHHs KoedilienTa He aBTOMaTMHHO D3HaYaloTk nnariat. 3siT Mae aHaniaysaTi kKoMneTeHTHa / ynoeHoBaxeHa ocoba.

2.30%
2.30%

K1 KU
25 9978 76054
JHoexunHa chpasn ana koediuienTa nogibkocTi 2 KinekicTs cnis KinekicTe cumeonis

Tpueora

¥ uboMy po3aini Bn 3aigeTe iHtbopMaliio Woao TeKCToEMX cnoTeopeHs. Lii cnoTeopeHHA B TekcTi MoxyTs rosoputi npo MOMIMBI maHinynsauii & Texkcti. CnoTEOpeHHA B

TEKCTI MOXYTb MaTH HABMWCHHIA XapaKkTep, ane JyacTille XapaKkTep TexXHIYHUX NOMUNOK NP KoHBepTaUil fokyMeHTa Ta Horo 3GepexeHHi, TOMy M1 PeXoMeHIyEMo Bam
NigxoavTy A0 aHanidy uboro Moayns BionosigansHo. Y padi BHHWKHEHHA 3anWTaHb, NPOCUMO 3BEPTaTUCA A0 HAWOT cny®Gr NigTpUMKN.

3amiHa Byks 0
IHTepBanm 0
MikponpoBinu i 0
Bini aHaku 0
MNapadpasu (SmartMarks) a 12

MopgiGHocTi 3a cnUCKoM axepen

Hwkue HaBenennid cnucok Mrepen. B ubomy cnvcky € Mikepena i3 piaHux Gaa pavwx. Konip TexcTy o3Ha4ae B akoMy Jxepeni siH Oye 3Haipenui. L|i mxepena i a3HaqveHHs
Koediuienty MoniGkocTi He sinoGpaxatoTs npAMoro nnariaty. HeoGxiaHO BIOKPWTH KOKHE OXEpPeno | NpoaHaniayBaTk aMicT | NPaBHNEHICTE 0hopMNEHHA TKepena.

10 HarpoBLmMx dpa3 Konip TekcTy
NOPAAKOBUA KINBKICTE IAEHTHUYHMX
HOMEP HA3BA TA AIPECA IXEPENA URL (HA3BA BA3M) CNIB (®PATMEHTIB)

1 https://blog.csdn.neticsdn122345/article/details/ 148242441 24 0.24 %
2 https:iwww.bomberbot.com/data-visualization/building-a-gantt-like-chart-with-d3-js-a-step-by-step-guide/ 22 0.22%
3 hittps://blog.csdn.neticsdn122345/article/details/ 148242441 20 0.20%
4 http:/fwww.dut.edu.ualuploads/p_86_96944839.pdf 20 0.20 %

5 https:i/en.ittrip.xyz/c-sharp/csharp-blazor-d3-dashboards 18 018 %
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6 https:/isinequa.github.io/sba-angularitipstricks/d3-angular.html 17 047 %
7 https:/iwww.genezum.org/library/vizualizaciya-informacii-na-urokah-istorii 14 014 %
8 https:ilen.ittrip.xyz/c-sharp/csharp-blazor-d3-dashboards 12 0.12%
9 https:iiwww freecodecamp.org/news/d3js-tutorial-data-visualization-for-beginners/ 12 012 %
10 hitps:/iwww freecodecamp.org/news/d3js-tutorial-data-visualization-for-beginners/ 10 0.10 %

3 baan paHwx RefBooks (0.00 %)
NOPAAKOBWA HOMEP 3ArONOBOK KINBKICTE WEHTUYHMX CNIB (BPATMEHTIB)

3 AOMalLHBOT Ba3un gaHux (0.00 %) | ]
NoOPAAKOBMIA HOMEP 3ArONOBOK KINBKICTE INEHTUYHMX CRIB (DPAMMEHTIB)

3 nporpamu 0BmiHy Basamu gaHux (0.10 %) |

MOPAKOBMI
HOMEP 3ATONOBOK
1 TpuHuonuvH_fynka.pdf

11/15/2023
Vasyl Stefanyk Precarpathian National University (VSPNU) (PakynsteT maTematiiki Ta iHdopMaTtiki)

3 [HTepHeTy (2.19 %)

KNBKICTE INEHTHHYHMX
CNIB (®PPATMEHTIE)

10 (1) 0.10 %

NOPAOKOBKA

HOMEP MKEPENO URL

1 https:/iwww.freecodecamp.org/news/d3js-tutorial-data-visualization-for-beginners/

2 https:{/blog.csdn.neticsdn122345/article/details/148242441

3 https:/len.itirip.xyz/c-sharp/csharp-blazor-d3-dashboards

4 https:iiru.wikipedia.org/wiki/%D0%9F %D0%B0%D1%80%D0%B0%D0%B1%D0%BE %D0%BB%D0%B0
5 https:/www.bomberbot.com/data-visualization/building-a-gantt-like-chart-with-d3-js-a-step-by-step-guide/
6 http:/fwww.dut.edu.ualuploads/p_86_96944839.pdf

7 hitps:/isinequa.github.iolsba-angular/tipstricks/d3-angular. htm

8 https:iwww. genezum.argllibrary/vizualizaciya-informacii-na-urokah-istorii

CnUcoK NpUHAHATUX hparMeHTIB (HeMae NpUAHATUX (bparmMeHTiB)

KINBKICTE IREHTUYHUX
CNIB (®PATMEHTIB)

48 (6) 0.48 %

44(2) 0.44 %

30 (2) 0.30 %

24 (4) 0.24 %

22 (1) 0.22 %

20 (1) 0.20 %

17 (1) 0147 %

14 (1) 014 %

MNOPAAKOBUA HOMEP AMICT KINbKICTL OAHAKOBMX CNIB (GPAMMEHTIB)

10
BCTYN

Biayanizaujs y Be6-3aCTOCYHKaX € OQHUM i3 IHCTPYMEHTIB aHanisy BENWKUX

MACKMBIB A@HUX, AKWIA A0OZBONAE BUABNATH 3aKOHOMIPHOGTI Ta aHOManIT, cnpoLlye
iHTepnpertayiio peaynstatie. Lo hyHKUiHO YiTKO OKpECNeHO Y BU3HAYEeHHI MeTH
sisyanizaui, aanponososaromy Maiikom Bocrokom, astopom Bibnioteku D3 js: “The
purpose of visualization is insight, not pictures” [1]. ¥ cchepi se6-poapobku
aKTyaneHolo € 3afiaqa BuBopy TexHonorii. Hapaai icHye senuka KinkkicTs pileHs, Wo
PPYHTYIOTBES HA PI3HUX TEXHONOFIYHWX NiAXoAax, ane XHo ehekTMBHICTL CKNAaHO
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Crnaiiau npe3eHTartii

W HecToRCTEC
| CLRITH | HAYHIM
W e

!

HdocnigxeHHA eekTMBHOCTI 3acToCYBaHHA WebGL 1| D3.)s
NpwW cTEOREHHI Ta BUKOPUCTaHHI rpadivyHWUX enemMeHTIE
¥ BeD-3aCTOCYHKAX

MNesikaposceka Hatania Angpieda, IM3agm-23-1
Haykosui kepiewug goy. Pycakosa HE.

SE

JlocalpKeHHA

AKTyanbHIcTk Ta CTaH po3BUTKY ranysi

¥ eef-3acTOCyHERE BIIYanizauin 4aHWd £ OAHWM i3 OcHOBHWX 3acobie AR WENARSrD CNpMAHAETTA
iHpopsELiL BNABAEHHA 3FKOHOMIPHOCTER T3 aHOMaNTHR, 2 ornAgy HA POIBMHEHICTE ranyai i pEHOMaHTTA
TEXHGNGMH, BUbip GNTUMANEHOMG PIWEHHA MAE PEYHTYBAETHICA HE UINAXN TEXHIYHWE YMOBAY T4 BMMOrax
EOHEQETHRMT MPOeKTY,

Hanpam gocnigyeHHA

PobOTa CNPAMOBAHA HA JocnigweddHs ededTUBHOCT 3acTocyeaHHA WebGl | D3js npu creopedHl Ta
BUEODNETAHHI rpadivyHng enswmedTie v Bel-3acTOCVHESY T3 BUEOHAHA B MEMAM HAYEOBOM HEnpawy
gadenpd M “IHTENEKTYaNEHWA aHanis gaddx", ugo OX0onne po3pobky seTogle | sacoble BnABNEHHRA,
GHPOGEW TR IHTERNPETAUN 23Ne#HOITEN ¥ BENMENE MCHBEE IHg0pmaLnln,

O6'exT gocnig¥eHHA

QE'eeToM LOCNg#eHHA € TEXHONOMT BEVANTEAUN Benny ohoaris QaHuy y Bel-2acTocyHeaL,
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Orsapg iiTepaTtypu
MNepenik ocHOBHWX AXepen Ta Teopin y ranysi

TeopeTHUHOD OCHOBSH CTANW PoBOTH, NproeAwed] feknapatveHoMy nigrogy & D3 (Mads Bocros,
Enafg=a Mikc, Mapkoc Irneclac, Agam PiHIHCNaHG), HTepakTHEHGCT] Ta koHUuenui “slzyanizaym Ak kropls”
(Hah Ywy, CeoTm Meoppef) a Takos  IMOSDATMEHOMY NPorpadyBaddHl ¥ WebGl,  sodHu@noi
HUSELOPIBHEBOMD YNPABAIHHA Fpadisod Ta NWTAHHAM Sesnewd (Kedgsl Mauyga, Todi Mapisl, Hod
FenepHTaH).

Helsasamu HA BENAKY KiNeRICTe NyBnlkadlil, Wwo suCEITAOETE BUKOPACTAHHA OF peMAE TexHanoNd abo
npuEnagHi Kelicn, audip 3acodie BiEYANIIAU 33NMWAETECA CEARGHUM HYEPE3 BENWEY KiNBKICTE AOCTYTHWX
pilweHe | HEOOXigHIKTE BPENYBIHHA YNCAEHHUE TEXHNHWE BUMor, Pizdi nmoTpedn npoeTie | cneypifica
TEXHONGTIA poinATe UE 3aBAAHHA SaraTofakTopHuM, ¥ aocnig=aHdil 3anponoHoBsaHs SopsManEoaaHniE
nigeig Ha ooHoBl weTggonori MCOA gna kowmnaekocHoro oyiHKBaEHHA TeRHOAOTH Bizvanizayil vy eeh-
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[locTaHoBKa 3aza4l

Npobnema gocnigxeHHn

FaHomaHiTTa TexHonoriil seb-gigyanizauil, sigMiHHoCT y WHIH apsiTerTypl NPogYETHBEHGCTI T3 pieHi
CEAFAHOCTI BNPOBAg¥EHHA YIKNEGHNWTE BUWEID IHOTPYWEHTS, W0 BIgNORIAaTHME BAMOTraW KOHEpETHOrO
npoekTy, dopwanizeeaHWil Niggin 4o oUIHKGBAHHA BHEKTHBHGCTI TAEME TEXHONOrH 33 yarogseHaMm
EWUTERAMY MOKE CTETH SfEKTHEHWAM HCTRYMEHTOM NgTRWMEW RILEHE ¥ NROUEC NPSeKTYBIHHA,

OuikyBaHi pesynbTaTi AocnigKeHHRA:

- pospofneHa $OpManizoEadHa Mogens DAraTokpUTEplaneHors oUlHOEaHHA edekTHEHOCTI WebiGl |

03,5 3 BMkopcTaHHAM MeTogonori MO D,
- npakTuudl perowedgagli gna pospobduele | kepledwele nposeTie wogo ewbopy  TexHONROMIR

Bizyanizayil 2anexH0 Bi BUWGT, Yineld T3 KoHTERITY BE5-3R0TRIVHEY,
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MeToau focalpKeHHs

RECOH, (hulti-Criteria Decision Analysis, GararospurepiansHnid aHania) - Ue MeToqonora
NEHAHATTA pllseHs, WO GOSBANAE CHOTEMHS OUIHMGEATH Ta NOPIEHIKEATA ANETERHATHEN 33 KlNbKowma

KPHMTERIRWMK, Akl M0EYTH WMaTW piEHY NPUPOGY,. Bary Ta BNANE HA PE3yALTAT,
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[HCTpyMeHTapiu Ta TeXHOJOTII

Onapawifina cwcrema: Libuntu (18045 LTS, e T e
Epaysep: Google Chrome (1270065331 15),

Mona nporpamyBaneR; |seasoript,

Texnonorii: 02 5 WehiL. T —
Ana aopy meTpur npogyeTanocT: Chrome Dewloolks E— . N L
Ana pbopy Akicwux maTpie; GitHub, ekonepTia ouivea, cepeic Buvs a [ [
“Can | Use”, cTaTMcTuea 3 Hostrmaster.ua, aHanis ARIA-aTpusyTie. —_—= == =

OnMe TECTOBMK HABopIB BaHWE o00pakHaTA (5 vy alanasadl
[0.1], sbapemanl ¥ dopsati |S0M,

[ ——

Nporpamie sabeznedwedn: rpadiudl wogal e —
(035 | WabGL) gnA nobygoed rpadica poccioBaHHA. e — .




CxeMa apXiTeKTypH po3po6JieHOl CUCTEMH
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Onuc KOMIIOHEHTIB

Fpagiuni mogyni

IHTepderc mogynie D3 | WebGL Bxnwouac
3ar0N0BOK, NaHeb XepyBIHHA CUSHAPRAMK 73
06NacTe NOByA0BM rpadika. PEanZ08aH0 TpY
CU@Hapi 3anycky: Bidyanizayin 1000 Toyok, 10000
TOMOK T3 NOCTYNOBE 4O0A3BAHHA 10000 Touwox 3
IHTEPBANOM Yy 5 COKyHA.

¥ moayni Ha D3S ecyanizaum peanzo8aHa uepes WebGEL Scatter Piot
SVG-eneMeHTH 3 BHKODACTAHHAM

ACKNIAPATHBHOTO NIX0AY T3 NPHEAIKN JaHUX A0
DOM.

¥ mogyni Ha WebGL gna igobpaxeHHs
BUKOPUCTAHO rpadiunnit xonseep GPU

=

saftwars
PET RN




[epapxiyHa cTpyKTypa

FAENAHHA AOCNG=eHHA KNAcMSldyeTeeA Ak BMBIp, OokiNbkM SCHOBHOK BOM0 METOH) & BMIHAYEHHA
GNTUMANLHGT TEXHONOM 408 Bidyaniaayil BenEnx GEOArE JaHWE ¥ Bed-3alTeoyHEEY @3 piEHULN

CUEHAPIAMK BHEGDACTAHHA,
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TecTyBaHHSI METPHK NIPOAYKTUBHOCTI

PexyneTamn noxasyiTe, we s He 3agiee rpadivHmali Trsawis | R | Fis
npouecop (GPU time = 0), Togl Ak WebGL akTmaye Lyl | s Sopase. |90 reess)
ANJAPETHE NMPUOKOPEHHA, BOJHGHAC HE CTEORHIHIHK Bl 165 1243
SHEWHOMD HABAHTAHEHHA HA CHCTEMY, WO CElgHMTE Npo et 133 i
SEEETHEHICTE | NpMAATHICTE 'WabGL gna macwmalbnwe Curvspil 1 frmamos Sarpau, |00 mosoa
BEVANEALIA HABTE ¥ PRCYDOCEWMEMEHWY g i 1134
CEpe AnEHLLAK. WrbiL T 122
e A e (k. = 1R e s § el
WiebGL AeoHCTEYE KRl NpogyKTHEHKTE ¥ Lt a wl
napigHAHH 2 D35 ¥ CueHapil 3 guHaMiHHIM Wil i S
cHOBNEHHAM Touok FPS Gye Ha 459 smwpm (115 npoTtu
80, a wac slgryky — Ha BO% MeHwws {179 MC NROTH
919 wmc), Hiw y D3 j5, Omwe, WebGL kpawe signosigas map | Dan | Dap | WL | Wttt | web
BMRMOTAM BMCOKOHABAHTAMEHAE | AMHAMIUHAS =
. Pl dree () n ] i T T
PSS aHNE 2354, |
Tosal timee {uc]) . ' ot 121914
GPU skare (%) 0 ] 0 0y L&l 145




TecTyBaHHS SIKICHUX METPHUK

2rigno 3 GitHub meTpueawn [D3js 3aadn nepepaxss WehGL 3a nonynapHicTio cepe) poapobHugie;
ElNbkicTe 3ipox Blnbwa y 40 pasis, dopkis - y 30 pasie, 3 nigNHCcHAKIE - ¥ 34 paid

D35 peanlaye rayuknii KOHCTPYETORCERFR NEgxiE 13 BMKOPHCTAHHAM roToBM: mexadiamie BlanloTekn, ans
HE JI03B0NRE BUKOAMTH 23 Mexi nepegbadeHn Metogie, Hatodicte WehGL Ak HMaskopisHese AP,
zalieanewye NoOBHY CEOSDLY PEANEALN rpadiky Sy ab-AKGT CENAHOCTI,

Nonpe nigrpuwey g Sinewocti Spayzepie, WebGl wae vwawy obwexede; GnoxyBaHHR wepea anapatHi abo
Bz ekt HANAWTYBAHHA, 3 TAKOH NOEHY BIGOYTHIETE NIGTRWMEM 40Ty nHocT, wo obuesiye Rora
BHEDPMCTAHHA

B IHENOENEHWY Bad-330 TR0V HERK,

Teupetaria Fert sk Sosr Tk mabir b Tl i B (o wac AprTvmiEkTe
0 g W L W e [ LU
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Arperaliist pe3yabTaTiB

flnA zalieanaseHHA NopIEHKBAHOCTI 1

Kol Mg Wals{il.
NOKAIHWKIE (3 pIIHAMA 0QUHULAMK BUWipy Ta

wacLumafiawn, v 3HaueHHA Syno npuesgaHn CloshiIHBOCT] AMpITHIND PERAEPHHTY i !
A0 EQMHOMS JIANA30HY WARKOM MiH-Waks Mpaypycnisiicr = 047
HOpMan 3L, Migrpasscs eni s i i
Ha uwif ocHoel BuroHAHS nepusad eTtan P o

AHANITY SYTIWEDCTI 33 JONSMOTOI M- ittt | L Ll

AQUTHEHS SMOPTHA 3 pIBHOSHAYHHUKK
BArGEMMY KoEdilieHTamu (no 0.2, WebiGL

CTRPHMMEE BUILY OUHEY 2ABAREW BACOKIH Tesuonari TS

NPOgYETHEHOCTI Ta POSWM PIOBAHGET, Todl A

. [N 0556
araneHNE peaynerar 035 auaBwec

HUAWHM, NONPH AORS NepeBard ¥ capl b s

BoCTYNHOCTE TR NIGTREHMMEN CNINEHOTH,
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AHani3 YyTAMBOCTI

Apyrnid eTan aHanisy wTnuescTi nepeghzwan
OUIHHEIHHA TEXHOAOMRA ¥ gBox cyaHaplax =

EQHTEECTHD FBIMEHHMA ﬂFliUFlHT"E‘T-BHH '

PaaynbTamn aHANEY NOEENIOTE, WG 3WIHE NpiopuTaTie
KPUTERIE 3308HHD Bif KOHTEKITY BHEGPHCTAHHA
MpUEEOLATE 0 PIEHOT BARGMGET] NOKAIHMKIE |,
BULNOBIAHG, B0 PIFHNE PEIILTETIE GUIHGBAHHA, ¥
NEpLIGKY CLESHARH (EMOOKOHABIHT R HWA
aHaniTuuHWi rpadic) WehGL oTpusye BnLWi owiHkEN 33
EQUTEREAMAY NPoEYETHEHGIT Ta POIWNPIOBEHOCTI, ¥
AEyronty CUSHAap (CTaTuHl rpadica 4na oCeimHEOI
NAGTEDEMN) KpaLY PEIYNETATH gewmoHcTpye D35
2ARMAKM Bewid gocmynHOCT], OYMICHOOT] 3 By e o Mid
TA NANYNARHOCTI Capag, poapabHnkia,

SE

EOTEW S ™D

ang
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Epurrgin L ermapin 2 expagin
Depfimmecti anaparians prarpmey no? bua?
LT TR EEE Dobs?
igrpeeesa crismiarm N [N
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AHani3z oTpUMaHUX pe3yJibTaTiB

- WebiGl peroMEHASBIHD BMKRDDUCTOEYEATH B NPOEETEN, WO noTpebyoTe ohpody peaueds oGoarea
JAHMK y PpeansHowy wacl, cinagHol adimMayil 460 BUOOKOT YACTOTH OHOBNEHHA, OCKINEEM TEXHOMOMA

ePeETHEHD 2agie GPL,

- D3 peeomMeHADBAHSD 00 33B0AHE, LD NOTREOYOTE THYHEST KoHgingpauil wewakol iHTerpayil 7a
BMCOKGT JOCTYNHOCTI, 30EPEMa Y 3BITAX, DIBTHIE NpoeTay T3 gawbopgsx i3 noMipHaw

HABAHTAMEHHAL.

- TiepugHWA nigxly peeomedgoeaHnl 4nA suiladne cusHapiie, & adux D3 E aoyinkHo
BMEDDWCTOBYBATH AR CTEOREHHA Bicel, TRKCTY 78 xoHTponepie, WebGL - gna peanizauil conagHus

MRS YHUE EOMNOHEHTIE,

- ApeimexTypHi piLEHHA CAig NPREMATH 3 YPaayBaHHAM NigroToExM KOMaHaY, Gog«eTy i naaHie
nigrpusic. D3E wmae Husuad Nopir BXoqweHHA, HAToMcTe WebGL noTpedys raBoguy 3HAHE

rpadiui,

- Cnabel NpMCTROl T3 23CTaplnl BRaySepM MOy Te GBMEMUTA poBaTy WebGL, Towy Aore BMKapEcTaHHA
5 Ec:rli.u. NEEEBIEATH HA CYMICHICTE T3 CTabinbHKTE,
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amg

A amrenm
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[ly6aikauis pe3ysbTaTiB

OCHOBHI NONOXEHHA POBOTK BYNO aNPOBOBAHO N wac BUCTYNIE HA KOHGEpaHUAx "Problems of
Infocommunications. Science and Technology (PIC S&T 2024)" va Sth Open International Conference
"Electrical, Electronic and Information Sclences” (eStream 2025)

. - - - -
Rl 6 e iy of bppiring Webdi and —
10 b e v of papiion] Somems @ web p
- -

1=

seftwanrs
anaaner e

[Migcymku
KopWCHICTE OTPUMAHWY pe3ynkLTaTIE

OTPUMAaHT pRIYNETETH NOKAFYHITE, WD NOCTARNEHY METY - ASCNWTH edEKTHEHICTE BRKOpUCTaHHA WehbGL
Ta [3js y nofynoel rpadivHux eneMedTie qnA BeG-33cToOyHEIR - peaniaopads B nosHomMy oboAzi
Pozpofneda aHanmMUHE MOOENE € AIEBWM IHCTYMEHTOM ANR OECpYHTORAHGID BUWESGEY TeXHOoNOrH
BiEYANIZaUil 3 YPAKYEIHHAM NPOEKTHAX BUKMOT, |1 rHYYKS CTPYRTYPA 23583nedys MOMIWBICTE aanTaui 4o

PIEHWE CUEHARIIE 3CTOOVAAHHA T3 NOGANELSTD PO PEHHA BIANOBIGHD A0 3MiH KOHTERCTY 260 ¥ puTe pie
TIIHHBAHHRA,

Noganblui agocnigxeHHA

Mogansail 4ocnigeaHda JouileHs OpIEHTYEATH Ha NIGBMWeHHA J0omynHOCTI WebGl 408 THNoBME
NPHENSGHUE 3FBJAHE, [ PCNesTHEHWW HANpAMOW £ poapobea Gibniorex 6o iHCTpYMEHTaNEHWY 3acodbis,
Akl NOEGHYHITE BMCOKY MPOLYKTHEHKTE HUWS3REOpIBHSBOMD DEHASRMHTY 3 NepSEAramMy Qe paTiEHons
gLy,

SE

EoTEwmirm
[T T
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JIOJIATOK B

Amnpobariist pe3ynbTariB poOoTH

Comparative Analysis of WebGL and D3.js

Natalia Rusakova, Nataliia Ponikarovska, Mariya Shirokopetleva

Department of Software Engineering
Kharkiv National University of Radio Electronics
Ukraine, Kharkiv
0000-0001-6991-9582
nataliia.ponikarovska.cpe@nure.ua, marija.shirokopetleva@nure.ua

Abstract — This article conducts a comparative analysis of
WebGL and D3.js technologies, utilizing Multi-Criteria Decision
Analysis (MCDA) to assess their effectiveness in various usage
scenarios. WebGL is a JavaScript API that allows for the
rendering of interactive 3D and 2D graphics within any
compatible web browser without plug-ins. It operates directly
with the GPU, bling high-perfor graphics and visual
effects. In contrast, D3.js is a JavaScript library that uses web
standards such as HTML, SVG, and CSS to render complex,
data-driven visualizations. It allows developers to attach data to
DOM elements, applying data-driven transformations to the
document.

By examining the primary characteristics of each
technology, the paper explores how WebGL and D3.js perform
specific tasks in data visualization, focusing on their strengths
and weaknesses. The analysis is structured around three main
criteria: Performance, Complexity, and Limitations. Each
criterion encompasses several indicators. The study of each
technology occurs within the context of their approach to solving
specific tasks, highlighting key factors to consider when
choosing between them. The use of MCDA facilitates an
objective evaluation and ensures a balanced decision,
considering all necessary aspects of technology selection for
specific project needs. This research has formulated a hypothesis
regarding the optimal use of these technologies.

Keywords—WebGL, D3.js, GPU acceleration, data
visualization, performance, rendering, dynamic data, FPS, large
datasets, criteria, MCDA.

[. INTRODUCTION

Analytics is a key component in many fields, including
business, scientific research, and the technology industry,
and infocommunication systems. This necessitates tools that
are capable of processing and visualizing large volumes of
data efficiently. Visualization not only facilitates the
interpretation of analytical results but also allows for quick
and effective insights. In this context, the choice of
visualization technology is crucial as the quality of
visualization directly impacts the level of understanding and
the insights that can be drawn from the data.

D3js is a powerful tool for creating dynamic
visualizations [1, 2, 3], but its performance is limited by the
CPU when handling large and continuously growing
datasets. WebGL [4, 5, 6], by utilizing the GPU, offers
hardware-accelerated rendering and significantly improves
processing speed through parallel computing.

The GPU consists of thousands of small cores
specialized in parallel processing of simple operations,
making it ideal for pixel rendering, image processing, and
visualizing large datasets [7]. WebGL uses a shader system

for computations, allowing parallel data processing and
greatly accelerating graphic rendering.

Unlike the GPU, the CPU is optimized for sequential
data processing, which creates limitations for tools like
D3.js when data volumes exceed the processor's capabilities.
With WebGL, browsers can directly harness the power of
the GPU for fast graphic rendering.

Choosing the right technology for data visualization
involves more than just understanding the data; it requires a
clear definition of criteria that will guide the selection
process and a robust methodology to justify the choice.

This article aims to compare two prominent visualization
technologies—WebGL and D3.js—using a multi-criteria
decision-making approach. By systematically evaluating
these technologies against defined criteria, we provide a
structured analysis that assists in making an informed
decision about which tool best meets specific visualization
needs.

II.  THEORETICAL FOUNDATIONS

Multi-Criteria Decision Analysis (MCDA) is a critical
component in evaluating competing technologies where
multiple criteria must be considered. MCDA provides a
systematic approach for weighing and integrating diverse
measures into a single composite index that can guide
decision-making.

The correct choice of technology at the development
stage is crucial for the project’s short- and long-term
success. Each decision impacts system performance,
compatibility, scalability, and maintenance, as well as
development costs and future updates. Underestimating the
importance of technology selection can lead to functional
limitations and the need for substantial rework in the future.
Thus, MCDA serves not only as a tool for assessing current
needs but also as a forecasting mechanism that helps provide
a reliable foundation for scaling, support, and further project
development at subsequent stages.

This MCDA approach allows us to provide a balanced
and nuanced comparison between WebGL and D3.js,
making the decision-making process transparent and
justifiable “at the design stage™ [8]. By applying this
methodology, stakeholders can understand the trade-offs
involved and make an informed choice based on a
comprehensive analysis of the options available.

The research methodology is based on Multi-Criteria
Decision Analysis (MCDA) using the steps described by
Ishizaka and Nemery [9].
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The first step is problem structuring [9, ch. 1.2, p. 3],
which involves clearly defining the type of task: selection,
sorting, ranking, or description. This helps establish
evaluation criteria and alternatives. In our case, it is a choice
between technologies, allowing us to identify the critical
aspects for assessing the effectiveness of WebGL and D3 js.

The second step is evaluating of criteria and
determination of weights [9, ch. 2.2.2, p. 16]. This stage
involves defining the significance of each criterion for
decision-making. Criteria weights can be established
through a pairwise comparison method, where the
importance of one criterion is assessed relative to another.
This approach ensures that each criterion is considered
proportionally to its impact on the final result.

The third step is the aggregation of results [9, ch. 1.3, p.
4; ch. 1.6, p. 8]. This step combines criterion values to create
an overall score for each alternative. In our study, this is
achieved by calculating a cumulative score for WebGL and
D3.js, which helps identify the optimal solution for specific
project tasks. Complete aggregation allows low scores in
one criterion to be offset by high scores in another.

The final step is sensitivity analysis [9, ch. 2.2.4, p. 19].
This crucial part of the methodology checks the robustness
of results by adjusting criterion weights. Sensitivity analysis
enables an assessment of how priority changes impact the
final choice, ensuring the reliability and validity of the
conclusions.

This methodology enables an objective comparison of
WebGL and D3.js, providing a systematic approach to
selecting a technology based on essential performance,
complexity, and limitation metrics. In the analysis of
WebGL and D3 js:

e Performance scenarios: testing on static data with
1,000 points, extensive data with 10,000 points, and
dynamic updates every 5 seconds, because "One of
the important problems ... is the processing of large
data sets" [10].

e Performance results: recording rendering time and
FPS.

e Complexity and compatibility: evaluating ease of
learning and technical limitations for users with
varying levels of expertise.

1I.  IDENTIFICATION AND DEFINITION OF
CRITERIA

Our chosen approach to Multi-Criteria Decision
Analysis (MCDA) involves defining key metrics [7] such as
rendering speed, ease of learning, scalability, and
technological limitations. These criteria were selected due to
their critical importance in the context of real-world
applications of technologies across various usage scenarios,
where each aspect can play a decisive role in choosing the
optimal solution for a specific project.

A. Performance.

This criterion assesses the technology's ability to process
and visualize data quickly and efficiently, especially with
large datasets. Indicators are Rendering Time, Frames per
second, Complexity, Limitations. Rendering Time is the
time required to display the visualization on the screen.

TABLE L. RENDERING TIME INDICATOR
| Name Description Rating
|Excellent Up to 100 ms 40
; Good 100-200 ms 30
| Acceptable 200-300 ms 20
| Unsatisfactory More than 300 ms |10

Frames per second (FPS). The rate at which images are
refreshed on the screen influences the smoothness of the
visualization.

TABLE IL FPS INDICATOR
Name Description Rating
‘ Excellent 100 FPS and above H40
| Good 65-100 FPS B0
| Acceptable B0-65 FPS 20 |
| Unsatisfactory Less than 30 FPS |10 \

The methodology employed for evaluating these
indicators involves the use of advanced performance
profiling tools, such as Chrome DevTools, to measure
rendering times and frame rates precisely during controlled
testing scenarios.

B. Complexity.

This criterion evaluates the ease of learning and using
the technology, including the required level of technical
knowledge.

Indicators are Technical Complexity, Learning Time,
Limitations.

Measures the depth of knowledge required for effective
use of the technology.

TABLE 111. TECHNICAL COMPLEXITY INDICATOR
Name Description Rating
| Low Basic understanding of common 20

functionalities

| Moderate Good understanding of both common 30
and advanced functionalities

| High Deep knowledge of complex 50
functionalities and customization

Learning time assesses the amount of time needed for a
new user to master the basics of the technology [11].

TABLE V. LEARNING TIME INDICATOR
Name Description Rating

| Short Less than a week to become 50

| proficient

| Moderate One to three weeks to become 30

| proficient

| Long More than three weeks to become 20

| Mprroﬁciem 7

The assessment of each indicator relies on a thorough
analysis of available documentation, discussions within
technical forums, and a variety of resources. This
comprehensive approach enables an accurate evaluation of
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the overall complexity and the requisite skill level necessary
to effectively utilize the technology, particularly within the
constraints of project timelines.

C. Limitations.

This criterion involves analyzing the limitations and
potential issues that users may encounter while using the
technology. Indicators are Compatibility.and Scalability.

Compatibility is the degree of support across various
devices and platforms.

TABLE V. COMPATIBILITY INDICATOR
Name Description Rating
High Supported on all major platforms and 50

devices without issues
Moderate  Supported on most major platforms with 30
S0me minor 1ssues
[Low Limited support, significant issues on 20
multiple platforms

Scalability is the technology's ability to handle
increasing amount of data efficiently.

TABLE V1. SCALABILITY INDICATOR
Name Description Rating
High Can handle significant increases in data volumes 50

without performance degradation

Moderate  Can handle moderate increases in data volumes 30
but may show signs of strain under heavy loads

[Low .Slruggles with any significant increase in data 20
volume, leading to performance degradation

Indicators are assessed through a meticulous review of
technical documentation. This process is designed to
ascertain both the compatibility and scalability of the
technology. Furthermore, this criterion will take into
account the results of the performance evaluation to ensure
a comprehensive analysis.

IV. WEIGHTING AND SCORING

A. Performance.

The measurements were conducted using Chrome
DevTools - a tool for analyzing web page performance
integrated into the Google Chrome browser. It was used to
record rendering times and assess frame rates (FPS) during
the display and interaction with the charts.

All performance measurements were conducted under
controlled conditions using Google Chrome (version
127.0.6533.119), with consistent hardware and browser
settings to ensure reliable results. Multiple trials were
performed and several scenarios were executed [12] to
measure the Rendering Time and FPS, with the results
presented the representing averages of these trials. The
measurements were carried out on a test dataset to maintain
controlled experimental conditions and assess system
performance under predefined parameters. To achieve this
goal, two charts were created: one using D3.js and the other
using WebGL.

Scenario 1: Rendering Static Data (1,000 points).

In this scenario, the performance of rendering static data
in WebGL and D3.js was tested. The task involves
constructing a chart with 1,000 points and measuring the
rendering time and FPS for each technology.

TABLE VIL PERFORMANCE TESTING. RESULTS OF SCENARIO 1

technology | RT | threshold |exceed| FPS [threshold exceeding
ing RT FPS

D3.js 165 |good no 120.2  |excellent o

WebGL 149 | good no 119 jexcellent jno

The results indicate that for small static datasets, both
technologies exhibit good performance with WebGL having
a slight advantage in rendering speed (149 ms versus 165 ms
in D3 js).

Scenario 2: Rendering Large Datasets (10,000 points).

This scenario aims to compare the performance of
rendering a larger number of points (10,000) in WebGL and
D3.js. The rendering time and FPS for each technology are
measured.

TABLE VIII.  PERFORMANCE TESTING. RESULTS OF SCENARIO 2

technology | RT | threshold |exceed| FPS |threshold | exceeding
ing RT FPS

D3.js 271 |acceptable [no 1154 lexcellent no

WebGL 111 |Good no 1202 jexcellent no

When working with large datasets, WebGL outperforms
D3.js. The rendering time for WebGL is only 111 ms, while
D3.js requires 271 ms. Additionally, the FPS in D3.js drops
to 115, whereas WebGL maintains a steady FPS at almost
the same level (119/120).

Scenario 3: Dynamically Updating Data (10,000 points).

This scenario analyses the performance of rendering
dynamic data that updates every 5 seconds three times
(adding 10,000 new points to the chart each time). The
rendering time for new points and the FPS during updates
are evaluated.

TABLE IX. PERFORMANCE TESTING. RESULTS OF SCENARIO 3
technology | RT | thresh | exceeding | FPS [threshold | exceeding
old RT FPS
D3.js 919 |unsatis |no 80.5  |good no
factory 80.5
79.3
WebGL 179 |Good |no 119 excellent no
119
120

WebGL is significantly more efficient when dealing
with dynamically updating data. The update time in WebGL
[10] is shorter than in D3.js (179 ms versus 919 ms).
Additionally, WebGL maintains a stable FPS even as the
number of points increases, while D3.js shows a gradual
degradation in performance.
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B. Complexity.

D3js [11, 12] offers a higher-level approach to
visualization with a manageable learning curve, though it
requires knowledge of JavaScript and data manipulation,
while its strong community and well-structured
documentation help accelerate learning. In contrast, WebGL
[13, 4] is a low-level API that demands expertise in
computer graphics, including shaders and matrix math,
making it more complex to learn, with steep learning
requirements despite thorough documentation.

TABLE X. COMPLEXITY TESTING
technolo (Techni | Learn | Technical Complexity | Learning Time
gy cal ing Rating Rating
Compl | Time
exity
D3.js moder |moderajgood understanding ofjone to three weeks
ate te both common and fto become

ladvanced functionalities [proficient

WebGL |high |long [in-depth knowledge ofmore than three
complex functionalities weeks to become
land customization proficient

C. Limitations.

D3.js [8, 11], compatible with modern browsers using
web standards like SVG, performs well with small to
moderate datasets but struggles with scalability due to DOM
limitations. WebGL [12, 3], while dependent on hardware
capabilities, excels in scalability by leveraging GPU
acceleration for handling large datasets and complex
visualizations.

TABLE XL LIMITATIONS TESTING
technolo | Compati | Scalab| Compatibility Scalability
gy bility ility Rating Rating
D3.js high modera supported on  all handles  moderate
te major platforms [data volumes but

without  significant struggles with very

issucs

large datasets

WebGL

moderate

high

supported on most
platforms but may
have limitations on
older hardware

leffectively  handles
large increases in
idata volume with
lhardware

lacceleration

D. Aggregation

The data from various criteria is consolidated to form a
comprehensive evaluation matrix. Aggregation aims to
synthesize individual scores into an overall assessment that
provides clear guidance on selecting the most suitable
technology for specific project needs.

TABLE XIIL RESULTS AGGREGATION

Technology Performance [Complexity | Limitations
D3 js 53.2 60 80
WebGL 70 70 80

PIC SKT 2074
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If there are multiple indicators (as is the case with the
performance criterion), the results in the matrix are
aggregated using the arithmetic mean.

V. ANALYSIS AND DECISION

Further work should be carried out according to the
formula provided, which represents a weighted sum
calculation used to evaluate the overall performance of the
technologies (1):

Total Score = (P x Wp) + (C x We) + (L x WI) (1)

Where:

P = Performance score

Wp = Weight of the performance score

C = Complexity score

Wec = Weight of the complexity score

L = Limitations score

W1 = Weight of the limitations score

Examples of use: an infocommunication systems project
involves creating multiple small graphs that do not require
interactive updates. Given that the developers are not
familiar with either D3.js or WebGL.

TABLE XIII.  WEIGHTING FACTORS

Performance |Complexity | Limitations
20 140 1o

D3.js: (53.2 % 0.20) + (60 x 0.40) + (80 x 0.40) = 66.64
WebGL: (70 x 0.20) + (70 x 0.40) + (80 x 0.40) = 74

D3.js is the better choice due to its lower complexity and
superior capabilities for static graphs, which are crucial for
developers new to these technologies.

VI. DISCUSSION AND RECOMMENDATIONS

Based on the results of this study, key points for
discussion are outlined below.

WebGL is adept at managing vast data sets, thanks to the
GPU’s hardware acceleration capabilities. This makes
WebGL an ideal choice for complex 3D scenes and dynamic
visualizations with large numbers of data points. Even when
processing thousands of elements, WebGL can maintain
high performance, ensuring smooth interactivity.

Since D3 js relies on the CPU and operates through the
DOM, its performance significantly decreases when
handling large datasets. Rendering a large number of
elements can result in a noticeable drop in FPS and overall
web application performance. D3.js is more suitable for
small to medium-sized datasets.

WebGL is a low-level API that requires a significant
understanding of graphic processes, shader programming,
memory management, and buffer usage. Creating even
simple scenes requires more code and technical expertise.
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This makes the entry barrier to WebGL quite high,
especially for beginners in graphics programming.

D3.js has a lower entry barrier due to its higher level of
abstraction. The library provides convenient methods for
manipulating DOM elements and creating visualizations.
Developers can quickly create interactive charts without
deep knowledge of graphics programming, making D3.js
more accessible for beginners.

The main limitation of WebGL lies in its complexity of
learning. Additionally, not all browsers and devices may
support WebGL equally well, especially lower-powered
devices. Incorrect optimization of computations can also
lead to memory overload or performance issues.

D3.js is limited by its use of the CPU and rendering
through the DOM, which creates performance issues when
dealing with large datasets. Additionally, D3.js does not
support 3D graphics rendering and is limited in interactive
capabilities compared to WebGL.

Despite its capabilities, WebGL presents challenges in
cross-platform  accessibility and requires extensive
optimization to avoid memory bottlenecks. Conversely,
D3.js is constrained by its reliance on CPU-bound DOM
manipulations, limiting its performance on modern multi-
core processors.

The experimental data obtained in this study allow for
the formulation of recommendations regarding the
application areas of each technology.

WebGL's capabilities make it an ideal choice for the
gaming industry, especially for creating 3D scenes and real-
time visualizations. It is also highly recommended for
scientific research that requires visualizing large datasets
and for projects that demand high performance and
interactivity, such as in high-performance scientific
visualizations, WebXR, and gaming applications that
require real-time 3D graphics. Due to its GPU acceleration,
WebGL demonstrates significantly better performance in
rendering large datasets, making it particularly effective for
dynamic and complex visualizations.

On the other hand, D3.js is recommended for creating
analytical visualizations, charts, graphs, and interactive
dashboards in web applications. It is well-suited for projects
in data journalism, for infocommunication systems, business
analytics, finance, and education, where the focus is on
visualizing two-dimensional data in a user-friendly format.
While D3.js provides a higher level of abstraction that is
beneficial for simpler tasks, it should be noted that its
performance may be limited when dealing with large
amounts of data.

VII. CONCLUSIONS AND FUTURE WORK

This article presents a comprehensive comparison of
WebGL and D3.js technologies for data visualization tasks
using a Multi-Criteria Decision Analysis (MCDA)
methodology. The study determined that WebGL, through
hardware acceleration and GPU utilization, has significant
advantages in handling large dynamic datasets, maintaining
high performance even with extensive data volumes.

Conversely, D3.js proved more effective for simpler tasks
where high performance is not critica, but has a lower entry
barrier.

The novelty of this research lies in applying a structured
MCDA approach to objectively evaluate and select
visualization technologies based on specific project
requirements, enabling developers to make more informed
decisions. The findings of this study provide guidance when
choosing visualization tools for tasks of varying complexity.

Future research directions may include a more detailed
study of WebGL integration with other GPU-accelerated
technologies and an expanded analysis of other JavaScript
visualization libraries. The research could also be extended
to various data types and visualization scenarios to evaluate
the potential applications of these technologies in a broader
range of projects.
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Abstract— With the rising demand for data visualization in
web applications, choosing an efficient tool has become critically
important for developers. However, as data volumes grow,
challenges related to performance and ensuring seamless
interactive user experience arise, complicating the choice of the
optimal visualization approach. This study compares two popular
technologies—D3.js and WebGL—used for rendering graphical
elements. The analysis is based on key criteria, including
hardware rendering specifics, performance, community support,
extensibility, and limitations. Recommendations are provided
regarding the appropriate use of visualization technologies
depending on task-specific requirements and application
conditions, formulated through a multi-criteria analysis.

Keywords— WebGL, D3.js, visualization, performance,
rendering, dynamic data, large datasets, criteria, multi-criteria
analysis.

I.  INTRODUCTION

Visualization plays a crucial role in identifying data patterns
in modern information systems, which focus on analyzing large
datasets. Big data serves as a novel source of insights into the
surrounding world and the dynamics of social processes, making
it a valuable foundation for research [1]. As Mike Bostock, the
author of the D3.js library, said: “The purpose of visualization
is insight, not pictures” [2], emphasizing that the primary goal
of graphical data representation is not merely to create visually
appealing images, but to enable deeper insight into information
and support the creation of an intuitive, well-designed interface
[3]. Visualization enables the representation of complex
relationships in an accessible form. However, as data volumes
increase, the question of efficiency arises [4]. Not all
visualization approaches can ensure high performance and
smooth interactivity as the number of elements grows.

One of the key challenges in this field is choosing an
appropriate visualization tool. Given the wide range of solutions
based on different technological approaches, evaluating their
effectiveness is difficult without comparison. Some libraries
offer high-quality rendering but may be less efficient when
handling large datasets, while others prioritize speed at the
expense of visual complexity. To make an informed choice, it is
recommended to use multi-criteria analysis to evaluate
visualization tools based on various parameters.
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One of the most widely used solutions for visualization is
D3.js [5, 6]. This library provides extensive capabilities for
creating flexible and interactive graphical elements by utilizing
a declarative approach and DOM manipulations through SVG.
Due to its large developer community, well-documented API,
and numerous examples, D3.js is actively used across various
fields, from academic research to business analytics. However,
given the nature of D3.js, the question of its performance
scalability when handling large datasets remains open.

An alternative approach to visualization is WebGL [7, 8], a
low-level technology that enables direct interaction with the
graphics processor (GPU) for fast rendering of complex scenes.
WebGL serves as the foundation for many modern visualization
solutions, particularly those requiring the processing of large
data points, 3D graphics, or real-time animations. However, the
use of WebGL often demands additional computational
resources and involves a steeper learning curve, which can
present challenges for its adoption in standard web-based
analytical systems.

Prior research [9] demonstrates that mastering WebGL
requires significant effort, involving understanding shaders,
buffers, and GPU memory management. WebGL follows a low-
level, imperative approach, requiring developers to manually
manage rendering pipelines and optimize performance, which
demands not only technical proficiency but also a deep
understanding of computer graphics principles. D3.js abstracts
much of this complexity by providing a declarative paradigm,
where developers can focus on data transformations rather than
the intricacies of GPU operations. This fundamental difference
in learning approaches impacts adoption: WebGL necessitates a
steep learning curve with an emphasis on graphics
programming, while D3 js allows for a more intuitive entry
point. Building on this, the current study uses multi-criteria
analysis to assess the efficiency of D3.js and WebGL in different
visualization scenarios, considering not only the above but also
other criteria.

Thus, this paper presents a multi-criteria study of the
efficiency of D3.js and WebGL to evaluate their suitability for
various visualization scenarios. The analysis will be based on
criteria such as hardware rendering specifics, performance,
community support, extensibility, and limitations. This
approach will provide an objective assessment of the strengths
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and weaknesses of each technology and help determine their
applicability in modern web application.

II. THEORETICAL FOUNDATIONS

Decision-making in complex multifactorial contexts
requires the integration of multiple criteria with varying
characteristics and levels of significance. The use of a
formalized methodology enables a structured approach to
consolidating all aspects of the problem, transforming subjective
assessments into quantitative indicators, and minimizing bias,
thereby ensuring a well-founded choice. This study proposes the
application of the MCDA methodology [9], which allows for the
aggregation of diverse indicators into a single integral index.

The methodology is implemented in four main stages:
e Problem structuring — classification of the task by type.

e Definition and evaluation of criteria — identification and
qualitative assessment of each criterion according to the
specified requirements.

e Aggregation of results — integration of criteria into a
single generalized indicator.

e Sensitivity analysis — assessment of the impact of
changes in weight coefficients on the final result.

At each stage, additional data processing methods are
employed. The distribution of weight coefficients is carried out
using the proportional method, which ensures a balanced
representation of all criteria. Normalization of values is
performed using the min-max normalization method, allowing
for comparing criteria measured on different scales. To integrate
the normalized values into a comprehensive index, a linear
additive aggregation with weight coefficients is applied,
ensuring accurate data aggregation and interpretability. Building
on these theoretical foundations, the study applies the MCDA
methodology to address the practical challenge of selecting
visualization tools.

IT1. PROBLEM STRUCTURING

Within the MCDA methodology, choice is one of the
fundamental decision problem types, alongside ranking, sorting,
and description. It focuses on selecting the most suitable option
from a given set, ensuring that the chosen alternative best aligns
with the decision-maker’s objectives and constraints. Unlike
ranking, which orders all alternatives, or sorting, which groups
them into predefined categories, the choice problem requires a
final selection based on a structured evaluation of multiple
criteria.

The task of this study falls into the choice category, as its
primary goal is to identify the optimal technology for web
visualization of large datasets across various application
scenarios. Multiple factors, such as performance, scalability,
ete., influence this decision; the choice must balance trade-offs
rather than maximize a single criterion. MCDA provides a
structured approach to this process, allowing for a transparent
and justifiable selection based on a comprehensive evaluation of
competing alternatives.

IV. DEFINITION AND EVALUATION OF CRITERIA

A. Hardware rendering specifics

The browser utilizes both the CPU and GPU for rendering
The browser utilizes both the CPU and GPU for rendering
graphics, but their roles differ. The CPU handles primary
computations, processes the DOM structure, and manages the
rendering of vector graphics, while the GPU accelerates specific
tasks, such as processing transformations (transform, opacity,
filter). In the case of SVG, which is rendered through the DOM,
the primary load falls on the CPU. It processes all vector paths,
performs geometry calculations, and draws elements. The GPU
may be involved only in the final image rendering if the browser
applies hardware acceleration for style processing or visual
effects.

For simple visualizations, the difference between CPU and
GPU usage is negligible. However, when handling interactive
time series charts with thousands of data points, the CPU
becomes a bottleneck. Therefore, when evaluating this criterion,
it is crucial to determine whether a technology leverages GPU
acceleration or relies solely on the CPU.

Evaluating a technology based on this criterion is important,
as the efficient workload distribution between the CPU and GPU
determines how stable and predictable visualization
performance will be under different conditions. Computational
resources are limited, and improper allocation can lead to
inefficient device power use. Understanding which part of the
system handles key calculations allows for consideration of the
technical capabilities of target devices and ensures optimal
performance with minimal resource waste.

TABLE 1. HARDWARE RENDERING SPECIFICS TESTING
Technology GPU load share
D3.js 0.1
WebGL 0.95

B. Performance

This criterion evaluates the technology's ability to ensure fast
rendering and minimize latency. Performance can be assessed
using relevant metrics.

Rendering Time refers to the time required to display the
visualization on the screen. High values can cause delays in data
representation, which is critical for interactive elements.

FPS (frames per second) measures the number of frames
rendered per second, determining the smoothness of updates. A
drop below 30 FPS results in noticeable stuttering, while at 100+
FPS, interactions appear instantaneous.

High performance is achieved through rapid data processing
and minimising unnecessary computations. It is crucial that only
the required elements are updated during visualization changes,
animations run without delays, and the time between user
interaction and result display remains minimal.

Evaluating a technology based on this criterion is important,
as rendering speed directly affects usability and data accuracy.
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Rendering delays can significantly impact the user experience
and overall interaction with the visualization and data.

The measurements were conducted using Chrome
DevTools, a built-in tool for analyzing web page performance in
the Google Chrome browser. Tests were performed under
controlled conditions (version 127.0.6533.119). The evaluation
of technology performance in different scenarios is a
fundamental aspect of its effective use [11]. Therefore,
measurements were performed across three use cases with
varying levels of computational load.

TABLE II. PERFORMANCE TESTING

Technology | RT [ FPS
Scenario 1 (static chart, 1,000 points)

D3.js 165 1202

WebGL 149 119

Scenario 2 (static chart, 10,000 points)

D3.js 271 115.4

WebGL 111 120.2

Scenario 3 (dynamic chart, + 10,000 points each 5 sec.)

D3.js 919 80.1
WebGL 179 119.3

C.  Community support

In this context, a community is understood as a group of
individuals who actively create, use, support and develop a
specific technology. It includes developers, contributors, users,
and those who generate educational materials, build plugins, or
provide support. The community functions as an ecosystem that
facilitates knowledge exchange, contributes to problem-solving,
and continuously enhances the tool itself.

Community support indicators can be tracked through
GitHub repository metrics [12, 13]. Metrics such as watch, fork,
and star provide insight into the popularity and reach of the
community. The number of forks reflects the project's popularity
among developers who intend to improve the code or use it as a
foundation for their own projects. The number of watches
indicates the level of interest in the project, while the number of
stars represents the overall popularity of the repository.

Evaluating a technology based on this criterion is essential,
as an active community provides support, facilitates knowledge
sharing, and drives tool development. A broad network of
developers, users, and contributors simplifies problem-solving,
accelerates solution discovery, and promotes continuous
technology improvement.

TABLE IIL COMMUNITY SUPPORT TESTING
Technology Fork Watch Star
D3.js 3609 22900 109000
WebGL 117 670 2700

D. Extensibility

Since project requirements may evolve over time — such as
increasing data volumes, adding complexity to functionality, or
incorporating interactive components — extensibility is a
crucial criterion. A flexible solution allows adaptation to
changes without significant time and resource expenditures,
ensuring longevity and minimizing the risk of technical
limitations. D3.js follows a constructor-based approach, where
the interface is built from individual elements rather than
configured through a parameterized object. This provides high
flexibility, as developers have direct control over the structure
and logic of the visualization. WebGL, as a low-level API, offers
virtually unlimited extensibility, with its only constraints being
the developer’s expertise and creative vision.

Evaluating a technology based on this criterion is important,
as it determines how easily a solution can adapt to evolving
project requirements. Limited extensibility may lead to
significant costs for adjusting the approach or even switching to
a different tool. A flexible solution enables scalability, supports
the addition of interactive elements, and handles larger data
volumes without requiring fundamental architectural changes.

TABLE IV. EXTENSIBILITY TESTING
| Technology Approach to interacting with the interface
D3.js design approach
[ WebGL low-level API

E. Limitations

The limitations of a technology define its suitability for
widespread use. One key factor is browser support. Some
graphical technologies may have limited compatibility or exhibit
differences across environments. For example, WebGL relies on
hardware acceleration and graphics drivers, which can cause
issues on older devices in environments where WebGL is
disabled or in browsers with partial support. In contrast, SVG is
the standard for vector graphics on the web, ensuring stable
compatibility across all modern browsers. The choice of
technology must consider these limitations, especially when
targeting a broad user base.

Another critical factor is accessibility. Visualizations should
be understandable to users with visual impairments or specific
cognitive and sensory needs, necessitating support for
alternative text descriptions, navigation, and screen reader
compatibility. SVG integrates with the DOM and supports
attributes such as aria-label and title, making it inherently more
accessible. WebGL, on the other hand, lacks built-in
accessibility mechanisms, as its graphical content is rendered
within a Canvas element, making it inaccessible to assistive
technologies. This can present additional challenges for
developers aiming to ensure an inclusive user experience.

Evaluating a technology based on this criterion is essential,
as technical limitations determine how stable and accessible a
solution will be in real-world conditions. Choosing a tool that
does not account for browser compatibility or the needs of
different user groups may lead to unforeseen challenges,
requiring additional resources for adjustments or workarounds.
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TABLE V. LIMITATIONS TESTING
Technology Support in browsers Accessibility
D3.js 1 1

WebGL 0.9 0

V. AGGREGATION

Evaluating technologies across different criteria requires
comparing metrics with varying units of measurement and value
ranges. For instance, CPU and GPU load share is represented as
a relative fraction (0-1), whereas community popularity is
measured in thousands of stars, forks, and watchers on GitHub.
To accurately compare these criteria within a unified system,
they must be converted to a common scale, eliminating the
influence of absolute values and focusing on relative differences
between technologies.

The standard normalization approach, which transforms
diverse criteria into a unified scale from 0 to 1, is fundamental
for objective comparison and subsequent weight-based analysis.
However, when decision-making requires preserving the
influence of each criterion, conventional normalization, which
may result in zero values, can become problematic. Therefore,
the method was adapted to prevent the occurrence of zero
values, ensuring that all criteria retain their significance in the
evaluation process:

f = ImeasTImin y g9 4 0,14 (1)

Jmax=Fmin

The calculations were performed using min-max
normalization of the indicators, followed by scaling to prevent
zero values. When necessary, the results were adjusted to their
arithmetic mean.

TABLE VL NORMALIZED VALUES

Criterion D3.js WebGL

Hardware rendering specifics | 0.1 1

Performance 0.63 0.97
Community support 1 0.1
Extensibility 0.1 1

} Limitations 1 0.1

The normalized results are essential for the next stage of
analysis — sensitivity assessment.

VI.  SENSITIVITY ANALYSIS

As the first step, a linear additive aggregation is applied with
weight coefficients, assuming all criteria are equally significant.
In this case, each weight coefficient is set to 0.2.

TS=HXWy+PXWp+CXWe+EXWs+LxXW, (2)

WebGL achieved a higher overall score (0.634) due to its
superior performance and extensibility. D3.js received a lower
score (0.566) but excels in community support and
accessibility.

TABLE VII.  ANALYSIS WITH EQUAL WEIGHTS

Technology TS
D3.js 0.566
WebGL 0.634

The choice of technology always depends on the context,
specifically the project requirements. Therefore, two usage
scenarios are considered to determine which technology is best
suited for specific tasks.

Next, let's consider two usage scenarios. The first is the
development of a dynamic, high-performance chart for a closed
analytical platform designed for web visualization of large
datasets (100,000 data points). The timeframe for learning and
MVP development is limited to six months.

The second of the proposed usage scenarios is the
development of ten static charts (pie chart, histogram, scatter
plot) with minimal interactive elements for an open educational
platform.

Next, weighting factors are determined according to the
proposed usage scenarios and the priority of tasks using the
proportional method.

TABLE VII.  WEIGHTS OF SCENARIOS

~ Criterion Weight for sc.1 | Weight for sc.2 |
Hard'warc rendering 0267 0.067

specifics

Performance 0.333 0.267
Community support 0.133 0.200
Extensibility 0.200 0.133
Limitations 0.067 0.333

Here are the results of linear additive aggregation with
defined weights for both use cases.

TABLE IX. RESULT OF SCENARIOS
Technology TS of scenario 1 TS of scenario 2
D3 js 0353 0733
WebGL 0813 0433

The results of the linear additive aggregation with the
defined weights indicate that WebGL is the most suitable choice
for the first scenario.

And for usage scenario 2, the results show that D3 js is the
most suitable choice.

VII. DISCUSSION AND RECOMMENDATIONS

The analysis of the obtained results demonstrates that the
choice of web visualization technology should be based on the
project's specific requirements. WebGL had a slight advantage
over D3.js when weight coefficients were evenly distributed,
indicating its versatility across different scenarios. However, the
sensitivity analysis revealed that final scores are significantly
influenced by project priorities.
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In the first scenario, where the key criteria were performance
and rendering efficiency, WebGL achieved a significantly
higher final score. This is explained by the fact that the
technology is optimized for handling large datasets and fully
utilizes the graphics processor. While D3 js offers a convenient
API and robust capabilities for working with SVG, it cannot
compete with WebGL in terms of visualization speed.
Therefore, WebGL is the more suitable choice if a project
involves intensive data processing and requires high
performance.

The second scenario produced the opposite result: when
accessibility, community support, and ease of integration were
prioritized, D3.js emerged as the preferred option. This is due to
its strong popularity among developers, the availability of a vast
number of ready-made examples, and its adaptability to a wide
range of tasks without imposing significant graphical rendering
requirements.

Based on these findings, several recommendations can be
made. WebGL provides superior performance for projects that
require high interactivity and efficient processing of large
datasets. In cases where accessibility, ease of deployment, and
fast implementation are more important, D3.js should be the
preferred choice. The final selection of technology should be
guided by a clear definition of priorities, as they directly
influence the weight coefficients of the criteria and,
consequently, the overall evaluation.

VIII. CONCLUSIONS AND FUTURE WORK

The proposed methodology has demonstrated the
effectiveness of a structured approach to selecting web
visualization technologies for solving multifactorial challenges.
The study confirmed that WebGL is a highly efficient solution
for rendering large datasets due to its superior performance and
scalability. Its ability to leverage GPU acceleration allows for
real-time processing of complex visualizations, making it
particularly suitable for applications that require high
interactivity and the handling of extensive data volumes.
However, the technical complexity of WebGL remains a
significant  limitation. The necessity for lower-level
programming, the absence of built-in abstractions, and the steep
learning curve may hinder its adoption in projects with tight
development schedules or limited resources. In contrast, D3.js
provides a more accessible alternative, offering a well-
documented API, an extensive community, and a broad range of
ready-to-use visualization components.

Future research should focus on mitigating the barriers
associated with WebGL development while enhancing its
practical applicability. Refining high-level abstraction layers,

optimizing rendering pipelines, and automating routine tasks
could significantly improve WebGL’s usability. By addressing
these challenges, WebGL could become more accessible to a
wider range of developers while maintaining its advantages in
high-performance rendering. At the same time, continued
advancements in declarative visualization frameworks like
D3.js will ensure that developers have flexible and efficient tools
for creating scalable web-based visualizations. Future efforts
should aim at bridging the gap between these two technologies
by exploring hybrid solutions that integrate the performance of
WebGL with the usability of D3.js, thereby creating more
versatile and adaptive visualization frameworks suitable for
diverse application needs.
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