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94 200 und 94194, 1:8

94 194, Kathodenstrahlenrhre nach Braun, Figur (Wied. Ann. 1897, Seite 552). Beschreibung |
94 195. dieselbe, grollor, Figur, 1 m lang, mit Schirm von 130 mm Durchmesser

94 196, Vakuumrthre nach Thompson, Figur, zum Studium der Ablenkbarkeit der
Kathodenstrahlen durch statische Elektrizitit und durch Magnet

94 197. - desgl. nach Braun-Wehnelt, Figur, [ir elektrostatische Ablenkungen,
mit Faradayschem Kifig als Diaphragma . R SPGB i

94 198. Vakuumréhre nach Perrin, zur Vorfithrung der durch Kathodenstrahlen hvrvor-l
gerufenen negativen Ladung, Figur, mit Full

94 199. Universal-Stativ nach Simon und Reich, fiir Versuche mit der Braunschen
Kathodenstrahlenrohre, Figur . SHEP

CRTs sold by Miiller-Uri, Source: The Cathode Ray Tube site




Raster scanning

Source: M-SYS MV



Electron
beam

Resolution

Picture
definition

Realism

Drawing
method

Raster scan Random scan

Swept across entire screen, one row at Only directed to parts of the

a time, from top-to-bottom screen where image is drawn
Poor, due to plotting as discrete point  Good, as CRT beam directly
sets follows line path

Stored as set of intensity values Stored as set of line drawing
(pixels) in refresh buffer area instructions in display file

Variable intensity values allow for

s Most suited for line drawin
realistic shadow and colour patterns J

Screen points (pixels) Mathematical functions

Source: Prof. Vijay M. Shekhat, CE Department, Computer Graphics






File formats

Internal metadata
File header / Magic number

External metadata

Mac OS type-codes
Mac OS X UTIs

0S/R extended attr.
POSIX extended attr.
FUIDs e
MIME types

FFIDs

File content-based identification

-y @/ File extension



Colour depth

1-bit PNG 2-bit PNG 4-bit PNG 8-bit PNG 24-bit PNG

(2 colours) (4 colours) (16 colours) (256 colours) (16,777,216 colours)

Source: Wikipedia, Color depth



ST Picture Format

introductory Informa
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& Dytes
4 Dytes
Hardware color palette,

word =
Long

Uavid Baggett

palette = stored as

color r (background),
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W
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Bitmap compression:
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(Please report errors or additions.) the packing method 1s PackBits (see below). There are 7Z bytes
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MS Paintbrush

[: Paintbrush - BOXES.BMP HUI
File Edit View Texi Options  Help
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Paintbrush for Windows 3.0 Paintbrush for Windows 3.1



Bitmap (BMP)
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Bitmap and its corresponding colour table

Source: Microsoft, Types of Bitmaps
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Colours directly in bitmap itself




Graphics Interchange Format (GIF)

Graphice Interchange Format Data Definition

GENERAL FILE PORMAT e ——
-—‘—‘." |
------------------------ ‘ ,"-'—.- ' .
PO e | GIF SIGNATURE |
bonussssnannesesnany - [ :
- | . : . Sl .
|  GIF Signature | : The following GIF Signature identifies the data following as a :
b e D ' : . . : : n
3 ! valid GIF image stream. It consists of the following six characters: ,
bonmresrcnnnecnnocnn ¢ S [ ,
$creen Descriptor | 4 : GIFB8 7 a l
~ |
O o » N ' ’ »
D . The last three characters '87a’' may be viewed as a version number :
~
| ——— . '
~ |
| Global Color Map ‘\\ : for this particular GIF definition and will be used in general as a :
~
D i o 0 Sr et bt S S Tt ée » ~ ' . ’ .
N | reference 1n documents regarding GIF that address any version :
\\ | |
210V M) AN o Ly NS : dependencies. |
N |
|  Image Descripteor | | l \\!_ ________________________________________________________ |
N —— . | |
A ———— ‘| |
| Local Color Map | | | - Repeated 1 to n times
- + | l
S —— . | |
: Raster Data - l
R —— + | ——

Source: Graphics Interchange Format (tm)



Compression algorithms

LZW aka GIF Compression

Run-length Compression QEIB A AAFRCCCC
20 Bytes — 16 Bytes 4 Bytes 14 Bytes
BABABABABAB -
_ | QB
Run length compression used by MacPaint 3 ivics

Lempel-Ziv-Welch (LZW) compression

Motion graphics by Crystal Law



First band photo on the web

Source: The Cernettes



Joint Photographic Experts Group (JPEG)

1931 — 2016

e> YEARS

JPEG




Source RGB image

Colourspace converslion

»

Inage splic into blocks

-
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Forward Discrete Cosine Transform

Reference: How JPG works
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Statistical encedling

JPG file



Colourspace conversion Image split into blocks

Reference: How JPG works
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12
13
17
22
35

92

Quantisation

Reference: How JPG works



22
63
62
63
67
19
85
87

55 61 66 70 61 64 73
59 55 90 109 85 69 72
9 68 113 144 104 66 73
8-74 422 464 10% I8 69671 -64 -55
169 12% -38 6897043 -59 -56
-9 -60 -5B 5867524 -62 -55

-505.-38% -38.5362622205827584 | 56.12
-&B4-¢68 =2%.982940Q@766010585| 13.15
-636.88 -58.381 189137624556 |-28.91
-548.883 -48.073 347106314486 |-10.24
-492.%38 -60.583-1822050-3385| -1.87
-7.73 2.91 2.38 -=-5.944 -2.38
-1.03 0.18 0.42 -2.42 -0.88
-0.17 0.14 -1.07 -4.19 -1.17

Forward Discrete Cosine Transform

Reference: How JPG works

-20.10

-7.09
9.93
6.30
1.75
0.94

-3.02

-0.10

-2.39
-8.54
5.42
1.83
-2.79
4.30
4.12
0.50

0.46
4.88
-5.65
190
3.14
1.85
-0.66
1.68
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Reference: How JPG works

Statistical encoding




Progressive JPGs

Image source: What is a progressive JPEG?



JPG optimisation tips

1. Use high quality source material
2. Alignment on the 8x8 pixel grid
3. Reduce contrast and saturation
4. Sepia images

5. Slight blurring

Reference: Finally understanding JPG




3. Reduce contrast and saturation

@ Affinity Photo File FEdit Text Layer Select Arrange Filters View Window Help Y

2 ®® Add Snapshot Affinity Photo - family.jpg [Modified] (10¢
Restore Snapshot
i O & P o f { @
Colour Format | RGB (8 bit)
CYIERD L AT L ea==r . Convert ICC Profile... Greyscale (8 bit)
Assign ICC Profile... CMYK (8 bit)
Resize Document... N3l  RGB (16 bit)
Resize Canvas... N 3C Greyscale (16 bit)
Margins... b (16 bit)
Resize Pixel Art Document... RGB (32 bit HDR)

A

Clip Canvas
Unclip Canvas

Rotate 90° Clockwise NORT -
Rotate 90° Anticlockwise X {38l

Reference: Finally understanding JPG



2. Alignment on the 8x8 pixel grid

abc

1Ak

Croatad Today, T1:52 Craatad Todday, 11:52

Modtisd Today, T1:55 Mating Teclay, 1153
LAt pponed TO?.’U)'. M58 LUSE O T':(l”."o 1163
Comtent created Tuesday, 23 Apell 2078 ot 1162 A pbrdotilreie TU!:d.Sy’. &9 PREH 0T 8L Tihs
e BADKEAD Jimernons G40 =640
Rosolution 72=72 arace o
CoXur space RG8
SHoWw Lass

Jimen sy

Calous Y nGE

SOON Less

= L4

ol COTRATY PN

Reference: Finally understanding JPG



4. Sepia 1mages

XFILL X

’ ) .OCto-bg {

height: 400px;

background: url(img/octopus.svg):;

bDacxground~-repeat: no-repeat;

filter: brightness(./) contrast(<)
sepia(l) hue-rotate(60deg) saturate(2)

}

)
s

Una Kravets: CSS Blend Modes, Because::

Reference: Finally understanding JPG



5. Slight blurring

opt-notblurred. |pa

loday, 180 59 K B Cre | Today, 1810 65 K B

Moditiad fﬁ(’:a". 181{)

| Today, 670

-Onbtont created Tussday, 23 Aptil 2019 a1 18410 Sontent created Tuesday, 23 April 2018 a1 18:10
ons 80D« BOO Dimensions BO0 =800
ace RGE Colour space RGB

Show Less

Reference: Finally understanding JPG



Speed Quahty, Slze
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Can't have 'em all



JPG encoders, there are many

e
mozJPEG ¢

libjpeg mozJPEG Guetzli

JPEG S

STALILL. IMAGE CODEC
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"bjpeg turbo B Sy At e

..”q" O Moire |ibj —turbo Ve 241 ™Mb Mm
About lIbjpeg- ok ie , o, S a e . - , . . a
turho Ipoap-torde 3 ¢ JFEG i Coous 1 ot SND eabucbons AV BEEZ AWAZ, NZON, Alivec) 1o soos wru i Sionz e JPED oomcriscedn g Sucoar@ussnas on abd, xae.09, AR wd PoamaiPo
Oralecriaral ot SASIIYS, 35 WEE 25 Sr0Qai el JPED COTRIUasn OO X256 0Nl 50 64 Sasiirrd, Ol Sea o, liNpeg IwDe & 00 oraly 260 28 05 00 104000, O 0hod D010 OQuur, On othwe! ypes of systonra. Majpep-
LA rAT. AurDo et W) ouperizom Epeg by s sgrehzard arrarard, by vedue of (b eghy o brreoed =ufinan cod g couines, sty céasce e paramance of Hdpeg -Rubo e s Dl of prdpnslary faglrapend o0

scllaord Thel Wiaey or Sodecs.

Proeidas VLo Tuvda

SIMO Coavrnge 2T the Jjpeg dorbo rrplermanths OB oo YaZusorsd (3 pog AP e wil s oo s poawrs S0 moom sl HEcome D Tt S0 AP IBpeg-tivbo whu: Nedlorio cobespice sodarraonns Taal wiow 4 1o comsnca
Ikipeg Agare-ares Pomizncomprnss 1o 57-00 and Sig-end o pbow orfere [NGHX, %G siz | s ] s 3 Tl -laarn T lsriaes

i S L

T Gt

N:. | ;:, IB{pag-avde was orizinaly Domns on RS ND an AR OC-acosianind derraales of ' Bipes oTh deanizcpnd by Nivasshs NMasaru The Thiaee's™E and Wrusdl pooiacts mads numeam e sriisncanaas 1o he
todder n ANTE s nmary L hpeg-darto span o kD sn 1tdmpen St st ath e gosd af ek rgg hghagemd JFEG camprmes ondecomemeoscn Incheologry swaa babie w1 2 brossder rvnce of Lom »t i

Rovnloads oy -

Qe [greturea

OYcia Braviee: GhH"b Frogect Pege [Lode repoatory, lescaYewraite Faceem)

Ziparisdd Metionms

w1z Dihar Mo

Vo Sepodin Maling Lats [Locge Lecope|

DRocumentation OMiclal Bactas and Saurce Tarbals | el
Reports

Ibpey vt

e Sty Donate

| Ot wiing SRcon'EtfmreuimbLincin
A Dty 2r e o EKIB

eelihvawx o DT
Sy ord

srveriSLan F o 0U havo DOroTod Yom this produ ol 70N 20250 CoNS 32 MaAng 2 S00000m 20 Arsurd Tl Wi 220 coTinue %0 DIoAYID YR OO rpeas Uiy, D oN porirmanid S0Pt o oF TRNge and N Voo foura!
Cher Razzrt et Evvry dube Jonebed goes v d he doras e ren] of bajseg darbo. Ay, 0 00 Taras ary argroaumerds nring b Dee srodedd, plodss cormede fundng D S recdssay Lo i wnecd T
Position U Promcts in naed al funding **

Statements L

AL

—. ‘ L )
Whal Aboal By v NEYWS

s Shass EreRpmal 2019-02-04: libjpegturbo Becomas Official ISONTU-T Raference Imolemantation

Developer Info

Gt frrane 20190101 A Now Yair and a Desparile Plea for Help

va N ;

::g: v.b::::::rwu 2016-05-02: libpeg-lurbo Namad SaurceForge Project of the Month. May 2018

N on
2oy ndrytisre

Contact

o.‘- o*.} ‘t.‘h AR R ‘..-»‘..O.Q'.'_D;Q : 1 T R B o-g_“./....'-b' P » '..".‘.' - . .h‘.'.w_'_ .‘h?‘c'....,...’)‘..'.‘.‘ ',‘.”-.. ..- '.'fh’j';.:'....
ba\..“oo‘

Fage lat o ted on Fesraary OF. 2010, 0t OF:54 MM

https://libjpeg-turbo.org/






Burn All GIFs day

November 5, 1999

https://burnallgifs.org/archives/



PNG filter algorithms

52 55 61 66 70 52 55 61 66 70

- Zero 63 59 55 90 109 — 2 63 59 55 90 109

52 55 61 66 170 52 55 61 66 70

Sub Sub(x) = Raw(x) - Raw(x-bpp) Byte A (to the left) 63 59 55 90 109 7 63 -4 -4 35 19

52 55 61 66 70 52 55 61 66 70

Up Up(x) = Raw(x) - Prior(x) Byte B (above) 63 59 55 90 109 — ” 63 | 4 -6 24 39

= x = 52 55 61 66 70 52 55 61 66 70

Average Averagefx) Raw(x) floor( (Raw(x Mean of bytes A and B, rounded o el 50 af y 32 SECL SO IO
bpp)+Prior(x))/2) down

EASETLE) : RaHL , A, B, or C, whichever is closest to 52 55 61 66 70 52 55 61 66 70

Paeth PaethPredictor(Raw(x-bpp), Prior(x), 63 59 55 90 109 — 7 63 =4 -4 35 19

, p =A+B -C
Prior(x-bpp))



Portable Network Graphics (PNG)
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DEFLATE compression algorithm

[Docs] [txt|pdf] [draft-deutsch-d...] [Tracker] [Diffl] [Diff2]

INFORMATIONAL

Network Working Group P. Deutsch
Request for Comments: 1951 Aladdin Enterprises
May 1996

Category: Informational

DEFLATE Compressed Data Format Specification version 1.3

Status of This Memo

This memo provides information for the Internet community. This memo
does not specify an Internet standard of any kind. Distribution of

this memo is unlimited.

IESG Note:

The IESG takes no position on the validity of any Intellectual
Property Rights statements contained in this document.

Notices

Copyright (c) 1996 L. Peter Deutsch

DEFLATE Compressed Data Format Specification version 1.3



What a difference 2 pixels can make

278

matches matches

Reference: pngthermal



Optimising PNG files

1. Reduce number of colours
2. Choose the right pixel format

3. Use indexed images, if possible
4. Optimise fully transparent pixels

Reference: Reducing PNG file Size



3. Use indexed images, if possible
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Reference: Reducing PNG file Size
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4. Optimise fully transparent pixels
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Reference: Reducing PNG file Size



libpng

libpng

libpng is the official PNG reference library. It supports almost all PNG features, is extensible, and has been extensively tested for over 23 years. The home site for development
versions (i.e., may be buggy or subject to change or include experimental features) is https://libpng sourceforge. io/, and the place to go for questions about the library is the
png-mng-implement mailing list.

libpng is available as ANSI C (C89) source code and requires zlib 1.0.4 or later (1.2.5 or later recommended for performance and security reasons). The current public
release, libpng 1.6.36, fixes some build issues, adds a couple of small optimizations (ARM png do_expand palette(), Intel SSE2 nemcpy () ), and updates the license (identical
terms to the zlib license, with the old license appended in the manner of the Python Software Foundation License version 2, and the list of contributing authors moved to a
separate AUTHORS file).

Portability Note

The libpng 1.5.x, 1.6.x, and upcoming 1.7.x series continue the evolution of the libpng API, finally hiding the contents of the
venerable and hoary pag _struct and png_infe data structures inside private (i.e., non-installed) header files, Instead of direct
struct-access, applications should be using the varions png get xxx() and png set xxx() accessor functions, which have existed for
almost as long as libpng itself.

The portability notice should not come as a particular surprise to anyone who has added libpng support to an application this millenium; the manual has warned of it since at
least July 2000. (Specifically: "Starting with version 2.0.0, both structures are going to be hidden, and the contents of the structures will only be accessible through the
png_get/png_set functions.” OK, so the version number was off a bit...and the grammar, too, but who's counting?) Those whose apps depend on the older API need not panic,
however (for now); libpng 1.2.x continues to get security fixes, as has 1.0.x for well over a decade. (Greg no longer bothers to list either series here; enough's enough, folks.
Update those apps now!)

The 1.5.x and later series also include a new, more thorough test program {pagvalid.c) and a new pnglibcont.h header file that tracks what features were enabled or disabled

when libpng was buill. On the other hand, they no longer internally include the z1ib.n header file, so applications that formerly depended on png. h to provide that will now
need to include it explicitly. Complete differences relative to libpng 1.4.x are detailed here.

See the bottom of this page for warnings aboul security and crash bugs in versions up through ibpng 1.6.31.

In addition to the main library sources, all of the 1.2.X/1.4.x/1.5.X/1.6.X/1.7.x series include the rpog. rpng2 and wpng demo programs, the pngminus demo program, a subset of
Willem van Schaik’'s PngSuite test images, and Willem's VisualPng demo program.

http://www.libpng.org/pub/png/libpng.html



What is a browser engine? (>
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Image encoders in browsers
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Browser rendering pipeline

Content process Compositor process
DOM tree Frame tree Display list Layer tree i Compositor layout tree

!
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Layout Painting Compositing

Reference: Introduction to WebRender - Part 1 - Browsers today



', LeT's builkl 3 Drawses encing! X " Lat's Duild & browsar enging’ + X

(i) & https//limpet.net/mbrubeck/2014 - we DN O 4 =4 - ¥ (& http: (*] oo W W
Matt Brubeck = Matt Brubeck
Let's build a browser engine! <~ © @ e 4 ¥ P2 = Let's build a browser engine! 23 Aug 2014
Part 1: Getting started Matt Brubeck Part 4: Style

b
: Let's build a browser engine! 05 Nov 20714
G @& hpslimpet.netd - & @8 nttps B] | vee J 1 N
Matt Brubeck Part 7: Palnﬂng 101 Matt Brubeck
I'm returning at last to my senes on bullding a simple

Let's build a browser engine! HTML rendering engine: Let's build a browser engine! 08 Sep 2014

Part 2: HTML e Pan 1: Getling started Part 5: Boxes
3 o Part 2: HTML i

m " Let's build a browser engine! | o Pan 3 CSS I I l - ™ Leot's build o browser englne? I X -
o Pan 4. St)‘le

(i) & bitps//limpet.net/ o Part 5: Boxes [« : O 8 https . e W)
ot Brubeck Matt Brubeck
Let's build a browser engine! I Aug 2018 Let's build a browser engine! 17 Sep 2014
Part 3: CSS Part 6: Block layout

Reference: Let's build a browser engine!



Rasterisation (1/3)

Simple rasteriser for painting rectangles

Canvas {
pixels: Vec<Color>,
width: usize,
- helght: usize,

Canvas {

new(width: usize, height: usize) —> Canvas {

white = COolor 1+ T: 299, 95 £ZD9: b:i Z255; A 2239 +;
Canvas {

pixels: vec![white; width * height],

width: width,

height: helght,

Source: Let's build a browser engine!




paint i1tem(&
h *1tem {

’

Rasterisation (2/3)

Simple rasteriser for painting rectangles

1tem: &DisplayCommand) {

DisplayCommand:: SolidColor(color, rect) = {

. X0
v
X1
y1

rect.x.clamp(90.0, £.width £32) as usize;
rect.y.clamp(0.0, .height f£32) as usize;
(rect.x + rect.width).clamp(9.0, .width
(rect.y + rect.height).clamp(90.0, s .height

X

v ..
Ln xX@ .. x1 ¢
.plxels[y *

yl {

1§ .width + xX] = color;

Source: Let's build a browser engine!

t32)
£32)

uslize:
usize:




Rasterisation (3/3)

Simple rasteriser for painting rectangles

paint(layout root: &LayoutBox, bounds: Rect) — Canvas {
display list = bulild display list(layout root);
1L canvas = Canvas:: new(bounds.wlidth usize, bounds.heilght as usize);
i1tem display list {
canvas.paint i1tem(&item);

}

Canvas

Source: Let's build a browser engine!



$¢ The graphics backend is an array of bytes and a for loop
that goes and says: go from the left edge of the rectangle
to the right edge and write the same colour over and over

again into this array. 59
—Matt Brubeck, Bay Area Rust Meetup (Nov 2014)
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Graphics libraries
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WebRender Core Graphics

[Tov:d

Cairo Pango




Painting

Frame buffer
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Reference: The whole web at maximum FPS: How WebRender gets rid of jank



Compositing (1/2)

Source bitmaps Destination bitmap

Reference: The whole web at maximum FPS: How WebRender gets rid of jank



Compositing (2/2)

b =0 1 ]

Invalidate, repaint Invalidate, repaint
and recomposite and recomposite

Reference: GPU Accelerated Compositing in Chrome




Making use of the GPU (1/2)




Making use of the GPU (2/2)
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GPU rasterisation in Chromium
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Reference: Software vs. GPU rasterization in Chromium



If you could have a do-over...
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WebRender (1/2)

layout hands off
a display list

paint and compaosite
are combined

The whole web at maximum FPS: How WebRender gets rid of jank by Lin Clark



WebRender (2/2)

The whole web at maximum FPS: How
WebRender gets rid of jank

44 By Lin Clark
-
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This talk is dedicated to browser engineers everywhere.

| owe my career to you.



Thank you!

@ https://www.chenhuijing.com
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