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Abstract :

In this study, software analysis of Web browsers and the performance evaluation were
investigated. SVG is widely used to draw vector graphics image on web pages. It's designed as an
application of XML so that it's possible to express various graphical representations with
animations using JavaScript programs. The experience of SVG based application development
indicates that different web browsers have different performance to draw the user interface. The
author tried to search research papers and articles on the web about the performance issues, but
there are no research papers to clarify the difference of web browsers to the best of my knowledge.

Therefore, major six web browsers, those are Chrome, Firefox, Vivaldi, Opera, Internet
Explorer and Edge, were chosen, and three JavaScript programs were created for performance
comparison by the author. After that, some experiments to measure the performance were done.
Three types of laptop PCs were prepared to examine the performance of the web browsers to
display SVG images. As a result, two web browsers, which are IE and Edge, show poor
performance. Moreover, Chrome, Vivaldi and Opera show very similar value. One reason of this is
that they include same implementation code. Based on another experience, a specialized compiler to
analyze source code was built using a popular free and libra open source compiler. The author

analyzed source code of Vivaldi so that the code includes a part of Chrome.
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Corporate Vice President in Microsoft announced that next version of Edge will change
drastically. It will become a Chromium based browser. The reason is that Edge should observe web
standards and improve the performance. This study should continue because this year is a good

timing to evaluate enhancements of web browsers. The results will be published in a future paper.

1. EUC®HIC

4V 4 =2y bOBEFRN AL IIE, WebX—V &b T 2720 DOFEHTMLE Zh % &R T 5
Web7 709N E > h>THE -7, MHEHIOWeb7 7 74 WorldWideWeb (&, 1990412
CERN (European Organization for Nuclear Research) TR ¥ & 1 72[1]. Z D WorldWideWebid,
Tim Berners-Lee N EH W2 EFR2NZE & OWT, EHGHNFEEL 27TV r—va v Thb. %
NP H30FEARES2T 2B L T, YHERURALH - HOBFA2EETLZ 7Y 22 b2BE
230, CERN 2019 WorldWideWeb Rebuild& L CTAR X T 3(3].

WorldWideWeb & (B X4 THh 5, FFRELN v TR=DEHWLZDZ2 ) -V Y ay M &
LR T. FERFEDO by IR=VEFICBEIXAELPRRENTH BN e 65 K512,
WHHIWeb X — VIR 2 DA Z E N TE AL 572 EDOWeb7 I 7 HTiE, Mi{§773 Th

HERHE AR ZENTES. X510, @m&j/T//%ﬁfTéﬁbK7Uﬁ3A%@
WiAtritii & UTFlashPJava” 7L v AR ENMEZ 5 & 5 ISR T T&E 72, ZDHRER,
YO WorldWideWeblZ IR TIRHT OWeb 7 5 7 FDOH 4 Xidh E2 D, BERKAET TV r—va
Vil ol Fhi s, ZO0HEBTEWebT T 9HFOHEY 2 713 kZ < ELboThr5 7~

Bl Home : EREOEE
- EREDER
Access to this information is provided as part of the WorldWideWeb project The WWW
- project does not take responsability for the accuracy of information provided by others. - FERE DR
-
Howto proceed
TROERE
References to other information are represented like this . Double-click on itto jump to
related information. ; oo okt
CREOER
General CERN Information sources
HEHRYA
Now choose an area in which you would like to start browsing, The system currently has R i
access to three sources of information. With the indexes, you should use the keyword
search option on your browser. -
CERN Information 4 general keyword index of information made available by the EP%B;'(?—

computer centre, including CERN, Cray and IEM help files,
"Writeups”, and the Computer Newsletter (CNL). (This is the
same data on CERNVM which is also available on CERNYM
with the ¥M EIND_command )

‘ellow Pages A keyword index to the CERN telephone book by function.

Internet News ‘You can access the internet news scheme (See information for
new users ). News articles are distributed typically CERN-wide
or worldwide, and have a finite lifetime

XI1. CERN 2019 WorldWideWeb Rebuildo> 47 mififii D— 5

2009472 5 20154 % TOHit > = 7LH 7 7 7 % Wikipedia
https://en wikipedia.org/wiki/File:Usage_share_of_web_browsers_(Source_StatCounter).svg
2o PR LI U CTXI2ITRY. FRAR THETREL § 2728, JLHE§Tdn 7 —FnEZ -7
5 7N DInternet Explorer®f% A<  ChromeD#iZE KWBERIZ A S X512, TFAPLTF 4 &
Effio THEFNEET — 4 2 HEMA . 20094FEIC1370%L < % 8 Ty 7zInternet Explorers?
20154FBCIZ10%< SV E THWA L ZD—7 Google Chrome 2SS K L7=Z L3 h 5.
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2. 20095ELIREDWeb T S ¥ lidi 27

20194E1 HDOWeb 7 7 & #ifid5s = 7%, StatCounterft 2 242 7 — 2 [4] Sk LT 1
Y ZOERTE, HA-HFE KE-BMNOHIKT LI2Web T 7 % Hifilh s = 7 D0 H 5505
£ 912U 7. HATidInternet Explorer®#I& At & bR TEODTH Y, F 7=, RN TidFirefox
& OperaZifi & R TE®DIZ A > TS, HIKIZ K o> Tl A 2580235 5 € DD, Chromeld50%L
E%A5®, Internet Exploreld10%Hif4Tdh 5 Z EMNnh b,

#1 FAZ Y TPCTOWebT 53 H iy 27 (201945 1 ] KM TOHI A < HLLE %)

Web 7' Z o A A iS¢ ZNES| R
Google Chrome 58. 46 70. 88 63. 19 63. 17
Internet Explorer 15.19 5.74 10. 1 6. 08
Mozilla Firefox 9. 47 9.5 8. 43 13.58
Safari 8.3 5.15 8.31 6. 52
Microsoft Edge 6. 69 4. 14 8.6 5.4

Opera 0.84 2.37 0.82 3.49

BEDOWeb7 7 7 #1Z1d, SVG(Scalable Vector Graphics)iZ & 5 ii{§ % 4 5 M EIE X h,
2WILT 77 4 92 ZA%WebX— T EIZHI 20IZIA< fibhTwa, K3IZmd &5, K2 T
MUL7=2 9 7IESVGTIREEh T\ ®, TRFAMNLT 4 2 2o TTF—24B2MABT L
NHHETH »72. SVGIE, N Z —lif§ XML Tt d 2 &5 IZ@REtEhTnwb 29, FYursy
L OEETH L TEMERBIVHEE A 5. AM T, SVGEE-TWebT /) r—v a3 v
ERMEL TR ERE A, SVGGOMEZFHAL, WEORBRWWebT 'V r—v a V1D Lk
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B 72012 AT » 72 VERERHIlI JER & 2 DFERIZ DN TR DS, BRI, FRFADG@LS5]DN
HeHERW, HLMFEDHELZRIXTH 5.

® (] #—X= 7L — less Usage_share_of web_browsers_(Source_StatCounter).svg — 80x14

<?xml version="1.8" encoding="UTF-8"?7>

<svg xmlns="http://www.w3.0rg/2000/svg" xmlns:xlink="http://www.w3.0rg/1999/x1lin
k" width="504pt" height="504pt" viewBox="@ @ 504 504" version="1.1">

<defs>

<g>

<symbol overflow="visible" id="glyph@-@">

<path style="stroke:none;" d="M 1.203125 -8.25 L 7.796875 -8.25 L 7.796875 @ L 1
.203125 © Z M 1.640625 -7.8125 L 1.640625 -0.453125 L 7.34375 -0.453125 L 7.3437

5 -7.8125 Z M 1.640625 -7.8125 "/>

</symbol>

<symbol overflow="visible" id="glyphe-1">

<path style="stroke:none;" d="M B8.609375 @ L 0.6089375 -8.75 C 0.804688 -1.2087031
1.046875 -1.609375 1.328125 -1.953125 C 1.617188 -2.304688 1.921875 -2.625 2.23

Usage_share_of_web_browsers_\(Source_StatCounter\).svg

3.Usage_share_of _web_browsers_(Source_StatCounter).svg DA

2. XML& Eif&

WWW% KD 5EEH L 7> 7=HTMLIE, SCEPICEl&G o 2 RB$ 5 4 7 2 A& -0 1236
ENs. ZHICHLUTXMLIE, F—2ICERENELETEL LI LAEv—20T7 v TE#ETH 5.
DAVE 21— TOMUPR T — A R= 2T 248 L, VX ZATIAKTHEHTES XS ICLRI %
ENTWD., FlAIE, X7 — 42U E L L2l L 223 0RZ2CHh =D, 7TV r— 3
VITTF - 2B ML, 27— 2 N= 206 F — & EH0 LTSI, T % Bk
EEZL DISHA B b 5

{inproceedings mdate="2017-05-21" key="conf/bionetics/Maedald”>
{author>Kazuaki Maeda</author>
{title>Parser Development with an Internal Domain—Specific Language and

an Aspect Weaver. <{/title>

{year»2014</year>
<booktitle>BICT</booktitle>
<eedhttps://doi.org/10.4108/icst. bict. 2014. 257977</ee>
{crossref>conf/bionetics/2014</crossref>
<url>db/conf/bionetics/bict2014. html#Maedald</url>

{/inproceedings>

XI4. DBLP: 37 —2 Dk

XML7T — 42 #5556, 72 OFRMINSH 2 Z LICHEENILETH L. HlAiL, 2
V¥ a2 — A RO T — & %124 2 DBLP[6]DH A 5 F#BAEIZ & B i X D5y & Pk L
T4/, XMLIE, AB2FEZENTE, £z, 799 T+ —LJERFICT S0, 8227
W&o B I N 2T T =2 %2 flio TRBE I T3, 20k, N1 FVEXRLHES T F 2
MERIZHART, 3ME2 62005 OBEEAMBEZ L b T5(7. DBLPZXMLTF —4 & LT
HEML72E ZA2.5GBOE R & 7 - 72 (201945 H 26 H BITE) .
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IV V2 — ZRPARE8ICIE, EIRICOVTUTO LS REHRSBRREN T3,

(LI'F, Oxford Dictionary of Computer Science[8]& O HiKE)

Computer graphics: Computer graphics is the creation of, manipulation of, analysis of, and
interaction with pictorial representations of objects and data using computers. There are two
quite different ways in which the information is stored and manipulated, usually referred to
as raster graphics and vector graphics.

Raster graphics: This is the system used for scanned images and for photographs produced by a
digital camera. It is suitable for complex pictures with a large number of different colors and
shades. The image is stored as chunks of data, each representing the properties (e.g. color,
tint, transparency) of small element of the picture.

Vector graphics: This system is used for diagrams, graphs, flow charts, engineering drawings,
ete. It is suitable for relatively simple line drawings. The image is stored and manipulated as
mathematical formula producing lines geometrical figures, and curves (e.g. Bezier curves).

AFHTIE, Raster graphics® Z & %[ F 2 & —li{§], Vector graphics® Z & % [ X2 & —ij{§ ]

LT 2 EICT 5. KM5HEMNC T 2 24 —Hifg (PNGIEX) &, A~ 2 — g (ATER) 2 &R L
L EOMTERT. Zhold, FHUREMOTH O SKWGEEI0FFICHAL 72 & EDRRKRE
WBRZZeDTH S, MO T 22 —lif§IdFFFHFBHLODIZH LT, A0 2 —phifgid
SR> TS, ThEDER, BV XL TTF—2&8KD%, MEGHTT -4 o0
DENZHIET 5.

V.

RHOWeb7 5 7 TR & —@lif§ 2% 12IESVGEM S Z EA L. SVGIE, N7 4 —Hif§
ERBT272ODOXMLT — 2R TH D, WICIZXDHEREAMER XN T3, SVG 1.04320014
12, SVG 11232011412 & LT AR X N 72[9,10). BIRE S IZX > TIRFE M T2 WebH 4
M1, 1202 kAL, RENZEWebT 7 % #1213 SVG 1.1 &7 THEENFRFE A L K> T\ 5.

SVGE#HMT 572012, SVGIZX5fiimaiihz#X612nd. ZDilikzaWeb7 7 o % Thitdik
e, TR TH -85 7F 2 POMAGDOERERENS. SVGIE, WebT 7 7 ¥ THR X
NB7=0FETTREL, T 74 97 AY = LICHARAA TN L URETE S, RETIE, 75

XI5. 7 A4 —MWi{g(e)e X2 52— i)
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T4 9T A= LHETT — 4 &R T 572D HbI T3,

{svg width= “400” height= “200” >
<circle cx= “200 cy= “100” r= “80” fill= “none” ><{/circle>
<(line x1= “200” yl= “20” x2= “200” y2= “180” ></line>

i=F g
{text x= “407 y= “160” DHEIL</text>
{/svg>
X6, - 855 - FFAMESVGTatib L 74 XI7. Web7 5% TOERRGR

3. SVGO3&EY DOfEVA

FEHDOINFE TORE» S, SVGIE

1. BFICHES

2. T=A—Y g VIS

3. EIICHES
D3BYDGENDDEEZD. [EHINHES | & Z1X, AdobetlIllustratorx EDZ T 7 4 v o
V=L B THE A E, SVGGTIRTET2HATH S AL, K8IZ, MAKRA M ZZHEd
DB D — AR T[13]. ZOBMBEIZ ST v 7 F AL Y TAMEINTWE 78, SVGE
BT 270D T ER, JavaScript 702 T A THET IR MELTHES 2 #MaTL2Z Ly
L, AdobetkIllustrator % i > TFH&ICAER N7z s 4 — Wi 2 SVGTRIFL 727 7 4 L3,

T 741 OH389,000fTDFCEA 5D, TN A JavaSeript 7 T 2T L SHEAET B Z &3 K
EHIT L 7=,

'b:. = —

XI8. ShHEAHRX DK X9, 7=x—YavDH

[7= A=Y a3 il | & xiF, A XanimateTransformB K % flivy, SVG Tk X 725
DERIZx LT, BEIRMEE, 2Ok &5, ZILoG- #1744 I/ 728EL T, Bx
ARBTIHATHS. XIIZ, HEUITHITENTHWE=2— b0 Z0FlE5HFIZL
T, EENF IR HE RS, ZOT7=2 24— 3 v TlE, SVGTEBRINAXMLO A TEH %
AR L, ZIOME 2T 280 L, GMOME 2 2850 % AGI1I230 3D
BA IV EEHETRAIZ AR ET WS,
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o

BI10. BT LIZBrOXRAE W 055 M1l BT —2%&WH 2577
3OHD[EIMICHES | & &1, BN GIZ BN L, £7201E, 2—FORRE) ICRRE2Z
LEE 258 Th 5. MEREHEID 72 ICFEHPMER L 72, B2 L IC8tORR & TEH§ 5 Kat Ol
X101, W7 — 4 28H$ 588257 7061 % X11ISRT.
WETIE, 3ODO[EIZES | E2DAREHREL, SVGTIER S hizXy & —Hi{§ %,
JavaScriptZffi o TIRD 5Nz 2 4 IV THEHF L T T a5 T L&l THERERHN & 17 - 7255
RiZonWTHiE T 5.

4. Web7 77 ¥ OMEESTEME

INFETSVGERMi>TWeb7 7V 7r—v a VAR L TEZRETIE, Web7 IO HEEZ S
CEMEEE N R DI L ERUB I ENE 5T TOBEREIIOVTHBEELZLZEDD,
SVGTIESG N7=RY 4 — [l 2 FKR T 25T, Web7 7 7 HIZK 2 WA/ L7298 & 7=
BRHERENRON S B 572, Z2T, EWebT 5o ¥ TCORITHEM 2T 57200
JavaScript 7’1 2" 7 A &AEk L, RENLEWebT 7 w7 W % i 5 TYEREREMIFLER 2 Ffli§ % Z &2 L
7z.

4.1 JavaScriptZ’ 0% J LIZ & B2Web 7 5 7 HEOMEESTHE
FEEAETOIN—F Y27 &L, RISRTHMO , — b7 9 2PCE3IBHEMLZ. Thb Dl
ABEHAA20184F, 20164, 2014FE-THBZ &5, ThFh PC 2018, PC 2016, PC 2014 &4
ffraZ&icd5. £, IhsE2TOPCIZWNE & 72HDD % 7213SSD % #1 Hi{L L 7= 4%,
Windows 10% 4 Y Z b= L, ZOHT 4 LAWK 7 b7 27 A EFEBICBHBREVY 7 by <
TE—UA V2 b= LI &Izl
- PC 2018 - Intel Core i7 (7820HQ) 2.90GHz, Ficl¥% : 16GB, SSD : 2TB,
Windows 10 Pro, Version 1703
- PC 2016 - Intel Core i5 (6200U) 2.30GHz, Ficf&: 8GB, HDD : 500GB,
Windows 10 Home, Version 1803
- PC 2014 - Intel Core i5 (4308U) 2.80GHz, Ficf&: 16GB, HDD : 1TB,
Windows 10 Pro, Version 1803
EHI1Z, DPIORTRENZE6 DODOWeb7 749524V Z =L LT, Thb6D ETEEMEKL
72SVGT — 4 % &1 Web X — ¥ % R LJavaScript 7 0 2" 4 2820 LT, FLATIER 2 0% L 7.
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- Google Chrome, Version 70.0.3538.110

- Mozilla Firefox, Version 63.0.3

- Vivaldi, Version 2.1.1337.51

- Opera, Version 56.0.3051.116

- Internet Explorer (IE& W%ild %), Version 11.1418.15063.0

- Microsoft Edge, Version 40.15063.674.0
PERETITE D 72 O IZAERL U 72JavaScript 72 277 203 T O ST TH 5.

- REEHSVGE ) & REHD3 % 1)

2ODEB ALK L, ZOMIZ L7205 TR0 T/RSIEIORES - Fet 2 iz X ¥ 5. Z O
%A CWeb X — ¥ i 9 fHALE LT, RK&t- ORI Z 10047y, 7'v 2T A2 7RG
AR THROBER DD 6 FATHM 23545, X512, 3 1 MWebX— ¥ 4k % Hi§ 5 U
% 1001815247 LTl AR 3. F2ED@ I K 3 MEEA G-I L 7220 5 72 DT, X & —Ei{§D
KBy % SVGTHIK Z & TlavaScriptD 71 &' J A& i/ NRIZ L 728 O (HFHSVGE F) & i)
&, SVGIZ & % it % f/RIC U TR 4y # D3[15]D AP % fifi 5 TJavaScript Tagib L 72 & O (i
RHD3% )& ald) D 2 D & Hefii L 7.

W77

BLEGOMEI AR L, KI1TRLMT 7 72 8HT 5. &7 — 2 & KM M7 7 7 D) 25
EF AL, RENTWE T — 2 &2 100 ICIRE T 5 720, HMl(FE7 7 7 OxEREE100) 22 5
HIBRL T3, ZOWHY 5 7 %R CWebX— Y FiZ 3{EAE LT, 57— 2 OFEFAEEE 500170,
7 s T AFEATHENT &A% THRORROZE, S FATRM 2 3H5H 9 5. 512, 3FIC 1 [nWebX—
VAR E R BB A 100019247 L CEiE % K6 5.

4.2 MHEEFFEOHER

PERERTAMT SR CoRd 5 T & N TE FTR 2 K21 T, ZOKER” S, IEEEdged & = HMth
IR TRBER B ARE W & 23552 5. £72, Chrome, Vivaldi, Opera® FZ17 M AMPL7= 1 %
IRLTNWBEZLIE, Web7 77 HF TORBKREEZ T L T L VA VIV UNEILCTH S

2. Web7' 5% 4D JavaSeript 702 75 LG FIEIN (RPL : IURD)

Chrome Firefox Vivaldi Opera 1E Edge

RFat (SV6 & F) | 17.77 29. 79 18. 54 20. 09 102. 19 126. 10

PC2018 | RFEt (D3 & F) 22.03 31.13 21.88 29. 76 108. 05 147. 66
w7 108.86 | 233.64 110. 56 97. 88 433.12 360. 06

Wrak (SVG 2 F) | 13.78 16. 24 15. 46 15.13 90.91 103. 42

PC2016 | WRFEt (D3 & F) 15. 20 16. 07 15. 29 15. 85 84. 74 100. 49
w777 108. 08 197.7 111. 30 103. 08 447. 88 517.08

RFEt (SVG &2 F) | 28.31 37. 40 33.80 33.23 97.73 126. 10

PC2014 | IFEH(D3 % ) 28. 58 41. 46 35. 94 40. 60 100. 12 132. 06
W7z 171.42 | 315.64 163. 10 164. 80 510. 70 586. 94
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EVIHEREERBL TS EDEEDbNS. R2T/R LU EBHERE KD 2 AR T, [H T Web
N=VIZHBDOSVGTF — 2 2BV THS, 1HIC1NOHEETCERNEERL T LaL,
Web7 I HFIZk > TIEFD L4 I V75BN ZENTETRELHARNL T2, 3
M2 1 BIOHE TEBAITS Z&ilho72. TNHMRELTHTELWebT 7 Y I TOES
13, FEHEDPIBRL 72 Z SISV A TS,

4.3 Web7Z7HDY—Z0— N

Web7 77D — 23— FEBNIT51267-0, —fRIZAH X T 5Google Chrome®D # —
7" — ZChromium & Firefox®D Y — 2 3 — F &5 & L7z, ChromiumXFirefox (Zfi& < %
Web7 7 o %3, KBV 7+ 27 OREHTHD, KEHBCHEMlio THEEI N TS,
IEEE SpectrumiZ &3 7025 I VI SEDT v F 7 2018F) 161 khiE, CHD T v F v
20T, ZROMFEEPFHL ThBE T ennh 5.

L2 L, BEEESHICTARIIRES IR E -b LatinLzL 24, CHOFEBHMRIEMT & TR
W D780V — % AT THEEET 21213 K s K (1A THEEE T 2556 TR AR BBl s
Dﬁﬁ?%%t@%ﬁufot.%:T,;hif WT YD =7 ) vy =)L EFE L AR
BORSRE & LIS, Y —LORLE B M7 0 s Z A ek L, BUE, IGHFERZ D
TW5,

Chromium & FirefoxD AT-AlRe e 47 v a— F LT L7z & Z A,

- Chromiumid, 7 7 A AMBHKI13T1, v — 22— NTEAH92,600 77

- Firefoxid, 7 7 A LE»1077, v — 23— FTEs%91,500 55
Thotz. 77ANMKEY — 23— FTRUSOBHTHATRIZONTIE, SHOMREE T
5.

4. BHHi)IC

ARGTIE, SVGEM > TWeb7 7Y r —v 3 VAREL CELRRARE 4, SVGOME %
HIL, SVGIZHEED K Ry 4 —lif§ 2 KR T 2 L EDWeb7 7 ¥ HigEDMERERHAM 12 D TR 72,
BIERPE T 2 & T X B MRERHI RO A RIE, EWeb7 7 U FORE L 2R AR L T3
F X, Microsoft2 5 DRELTNZ LI, EdgeDk/3— Y 3 ¥ iZChromium N — 2 |ZEH X h,
BRI 2 MEReA SR ST b &5 T, S5HIEWeb 7 7 7 ¥ OMREHITE % 17\ T 2 6 2 JEH
CRWER LA ThHAD. SHE 5K 5FE - il & M 248 TS PETH 5.
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