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Background




Seesoft [1992]

file33.c

= Stephen Eick et al, 19927, Ermwooe we e =10

file34.c

= \isualisation of line-oriented
software statistics

file35.c

file36.c
[ |

file37.c

pe iy

= Colour-coding each line of code:
« Age (scale: blue = cold to red = hot).
« Author (discrete palette).

| stats 2921292

| lines 12037112031} (8

files

Seesoft. [Image used with kind permission of Steve Eick.]

1. Seesoft - A Tool for Visualizing Line Oriented Software Statistics; Stephen Eick et al;
IEEE Transactions on Software Engineering; No. 18, Vol. 11, Nov 1992. doi:10.1109/32.177365



https://ieeexplore.ieee.org/document/177365/
https://ieeexplore.ieee.org/document/177365/

Git and Git Blame [2006]

= Git Command Line Interface’.
* Widespread adoption.

= Cross-platform availability.
(Linux, macOS, Windows)

= Dependency on POSIX shell.

1. Git Command Line; https://qgit-scm.com/

- git blame ./package.json
a9ab27c8 (Stefan Schintler
a9ab27c8 (Stefan Schintler
a631bbdl (Andreas Steinkellner
a9ab27c8 (Stefan Schintler
a9ab27c8 (Stefan Schintler
680994dc (Stefan Schintler
680994dc (Stefan Schintler

[

Name
Short Commit ID

2023-03-21
2023-03-21
2024-04-02
2023-03-21
2023-03-21
2023-03-30
2023-03-30

Terminal

17:
17:
17:
17:
17:

02
02

24:
24:
18:
24:
24
148
148

44
44
57
44
44

F50
F50

+0100
+0100
+0200
+0100
+0100
+0200
+0200

Output of Git CLI blame command.

Timestamp

1 A
2)
3)
4)
5)
6)
7)

"name": "gizual",
"version": "1.0.0-alpha.19",
"license": "Apache-2.0",

"workspaces": [

"./apps/*",
"./packages/*",

J T (N
Vv
File Content

Line Number
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RepoVis [2018]

= Johannes Feiner and Keith Andrews!.

* Line-oriented visualisation.
= Age and Author colour-coding.

» Backend: Rack, Ruby Sinatra,
CouchDB, libgit2.

* Frontend: JavaScript, PixiJS, WebGL.

1. RepoVis: Visual Overviews and Full-Text Search in Software Repositories; Johannes Feiner and Keith Andrews;

RepoVis
A Research Prototype
Show Panel >

Repository

enigm: B
Manage..
Search for
OpenPGP 355
within
Sources 355

Developers
Commit Messages 4
Code Analysis
Usability Issues
Inspect:

Last Modifications [

Legend

Show All
One day
One week
Two weeks
Three weeks
One mont th
Two months
Six months

RepoVis 2018
Basic Settings

Labels:
Directories
Indent Code [

Advanced settings.

enigmail

Includes 3706 commits from Thu Mar 15 2001 to Wed Jul 11 2018.
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RepoVis.

Proc. 6t IEEE Working Conference on Software Visualization (VISSOFT 2018); Madrid, Spain, 24 Sep 2018. doi:10.1109/VISSOFT.2018.00009
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Gizual




gizual.com

Gizual Proofs of Concept [2022-2024]

prm—

Gizual - InfoVis 2022 - G2

[

POC1' [May 2022 - June 2022]

POC2? [Dec 2022 -> Jan 2023]

Alpha [Mar 2023 = Apr 2024]

1.

Gizual — Repository Visualisation for Git [SS 2022]; seminar paper; https://gizual.com/resources/qgizual-paper-ss2022.pdf
2. Gizual — Repository Visualisation for Git [WS 2023]; seminar paper; https://gizual.com/resources/gizual-paper-ws2022.pdf
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Gizual [2022- ]

gizual.com

Intuitive Insights:
Line-oriented visualisation with age and
author colour-coding.

High Performance:
Fast visualisations on demand.

Privacy First:
Local data never uploaded.

Stack:

TypeScript, React, Mantine, Rust,
WebAssembly (libgit2), Web Workers.

zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz

Gizual, 2025.
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Showcase / Demo




Gizual Scalability

Repository Size .git/ Size First Commit
Vue 2 small 35 MB 10 Apr 2016
React medium 657 MB 29 May 2013
VS Code large 1,025 MB 13 Nov 2015
Linux Kernel  very large 5,836 MB 16 Apr 2005

The four GitHub repositories used to test Gizual. Statistics collected on 29 Oct 2024

# Commits

0,694
25,873
134,419
1,310,317

™ Desktop

?

@ Mobile

Iz
V7774

Iz
V7774
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Gizual Architecture

u User Interface Ul Controllers Ul Components
by Andreas Stelnke”ner SettingsController ViewModelController Canvas
* Visualisation. .
ueryInput
* User Interaction. iretine
Visualisation
MainController e Renderer
= Data Layer
by Stefan SChintIer Gizual User Interface
. . Maestro
* In-browser data processing Gizual Data Layer
(WebAssembly).
* BI’Oad browser SUppOI’t Explorer Pool Renderer Pool D:(E:;::e
 Performance
(Pools of WebWorkers).
Node 1 Node 2 Node 3 Node 4 Node 1 Node 2
Gizual's Architecture

12 /30 n




Gizual Data Layer




Loading Data into the Browser

[ XN J 3 demo
Name A~  Size Kind
e, . v [ gizual 2,26 GB Folder
gt —
> B hooks 1KB Folder
> : info 589 bytes Folder
> T Ifs 17 MB  Folder
> : logs 25 KB Folder
v h objects 7,8 MB Folder
> : info 36 KB Folder
v [ pack 7,7 MB Folder
=& pack-2f27f6188af5adcfa084a3d57e2cfd5d8601823a.idx 262 KB Index file
pack-2f27f6188af5adcfa084a3d57e2cfd5d8601823a.pack 7,4MB Document
> : refs 112 bytes Folder
COMMIT_EDITMSG 24 bytes Document
config 427 bytes Document
FETCH_HEAD 189 bytes Document
fork-settings 467 bytes Document
HEAD 21 bytes Document
index 85 KB Document
ORIG_HEAD 41 bytes Document

packed-refs 513 bytes Document




Filel/O

= File System Access APl Input Storage
o Supported by Chromium. Chgﬂg{%gg’égera File System Access API
= Drag and Dro AP|2 Firef Origin Private File
g p Waterfc:;eSe(a)I\)’l(onkey Drag & DI‘Op API System
= QOirigin Private File System? y
S . Safari Drag & Drop API WIP3 %
* Similarities to File System
Access API. Safari on iOS only Remote-Clone Origig}lj;ic\é?:]e File
 Broad Browser Support. L
. Chrome on only Remote-Clone Origin Private File
 Not stored in memory. Android System

Browser support with File I/O.

File System Access API; https://wicg.github.io/file-system-access/

Drag and Drop API; https://developer.mozilla.org/en-US/docs/Web/API/HTML_Drag_and_Drop_API

Origin Private File System; https://developer.mozilla.org/en-US/docs/Web/API/File_System_API/Origin_private_file_system 15/ 30

Safari — Incomplete OPFS Implementation; https://bugs.webkit.org/show_bug.cqgi?id=254726 n

pwp s
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Native Code in the Browser

= L|bg|t2 C Iibrary1 git-explorer WebAssembly Module
JavaScript Module

u WebAssemb|y2 Rust Code Libgit2
WASI ABI Definitions

= Web Assembly System Interface?® :I:

WASI ABI Implementation

Stdout Stdin FSA-FS

2 7
\

[

) Origin Private File System
JavaScript API

or File System Access API

Overview of git-explorer module.

1. Libgit2 Library; https://libgit2.org/
2. WebAssembly; https://developer.mozilla.org/en-US/docs/WebAssembly 16/ 30
3. WebAssembly System Interface (WASI); https://wasi.dev/ n
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Blame Performance

3000 2818
2500
2227
2000
w
E
o 1500
£
|_
1000
500 297 375
__
o —2 e R
Git CLI libgit2 native libgit2 WebAssembly
M vuejs/vue M facebook/react

Comparison of blame performance; Blame was calculated for the single file package.json in both
repositories on MacBook Pro 2023, M3 Max, 48 GB RAM.




Multi-Threading

= Pools of Web Workers for:

« Data processing.
* Rendering.

= Prioritised job queue.

* [nterval-based scheduling.

Web Worker

Pool Node 1

git-explorer module

-] Zaaa=s (004 jobs) G ==s=s (008 jobs)

Web Worker

Pool Node 2

git-explorer module

Maestro

Pool Master

* Scheduling

* Metrics
postMessage() postMessage()
postMessage() postMessage()

Job Queue

Web Worker

Pool Node 3

renderer module

Web Worker

Pool Node 4

renderer module

Worker usage: Git exploration (left) vs. rendering (right).

Pools of Web Workers.

18 / 30 n




Multi-Threaded Rendering

» |ntersection Observer API,

* Priorisation based on viewport.

= |ncrease perceived performance.

fully within viewport

Viewport

partly in viewport

close to viewport

unimportant

Priority of tiles on Gizual's Canvas.

1. Intersection Observer API; https://developer.mozilla.org/en-US/docs/Web/AP|/Intersection_Observer_API
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Gizual User Interface




User Interface Regions

@0 @ o

Query Bar

Toolbar Canvas Sidebar

N —

Status Bar _/

Gizual's main user interface with annotated regions.




Rendering of Visualisation Canvas

_| Requirements:
= Parallelised rendering.
= Distributed workload across web workers.

= Reusable for different visualisations and outputs.

. Approach:
= Rendering tasks for each tile (file).
= Generalised rendering interface.

= (Class-based file and module structure.




Canvas (1)

il M sl F_EEE b,
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Interactive, with high performance.
Display hundreds (thousands) of files.
Good user experience on various
viewport sizes and input devices.
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Gizual's Canvas component.




Canvas (2) — Tile Structure

1 SVG Fr client/...nts/card-list/card-list.component.ts
. ame

= <foreignklement> for interactive
elements.

= File name as text (Fonts: Courier
New for export, otherwise Iosevka).

2. Pre-rendered image.

3. Future work: Interactive Annotation
_ayer.

il

Export of a single file tile in Gizual.




Canvas (3)

= [ntuitive interactivity:

e ZoOm
e Pan
e Pinch

= Custom minimap implementation for overview in
large visualisations.

= Custom legend component.

20 May 2822 083 Nov 20823

* Quick access to gradient colours.
 Show selected time range.

Minimap and legend.




Masonry Layout

" Why nOt CSS Grid? CSS property; grid_temp|ate_ Usage % of all users s 2

Global 0%
rOws: masonry

° g r i d - t e m p l a t e - r O W S : m a S 0 n r y (SN EIMTl Usage relative Date relative Filtered o
Not available (still experimental) * . *

. *
Chrome Edge Safari Firefox Opera IE ¢ for Slierl @n” Selnlig Opera Mini

° . . '] 2-76
Last W3C Working Draft: 03 Oct 2024 T T

\ 0- >
54

g |

132 132

= Custom JavaScript implementation with
Flexbox columns as alternative.

|
w
[0
®
M

Notes Test on a real browser Feedback

This feature is experimental. Use caution before using in production.
See full reference on MDN Web Daocs.

1 Can be enabled by setting layout.css.grid-template-masonry-value.enabled to true

Browser support for grid-template-rows: masonry.
[Screenshot taken by the author of this presentation from caniuse.com?]

1. CSS Grid Layout Module Level 3; W3C Working Draft; 03 Oct 2024; https://www.w3.org/TR/css-grid-3/
2. Support for grid-template-rows: masonry; caniuse.com; O5 Feb 2025; https://caniuse.com/mdn-css_properties_grid-template-rows_masonry
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Visual Encoding (1)

= Colour lines of code based on age or author.

= Age encoding: Gradient with two user-
defined endpoints.

180

240 300

= Author encoding: HCL palette with custom

Comparison of HSV-based (left) and HCL-based (right) colour

user overrides. wheel

[Image extracted from Zeileis et al.2]

 RGB colour space not uniformly distributed »
use HCL colour space.

* Custom algorithm based on d3-color! for
stable results.

1. d3-color: https://d3js.org/d3-color

2. Escaping RGBland: Selecting Colors for Statistical Graphics; Zeileis, Achim and Hornik, Kurt and Murrel, Paul [2009]; 57 /30
Computational Statistics & Data Analysis 53.9 (Jul 2009). 10.1016/j.csda.2008.11.033 n
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https://doi.org/10.1016/j.csda.2008.11.033

Visual Encoding (2)

Model Parameters Details
RGB Red, Green, Blue Non-uniform, device dependent.
HSL Hue, Saturation, Lightness Perceptually-oriented, based on RGB.
HSV Hue, Saturation, Value Used interchangeably with HSL.
CIE XYZ Tristimulus response (eye) Perceptually uniform reference model, based on human vision experiments.
CIE Lab Lightness, Green-to-red, Blue-to-  Perceptually uniform, device independent.
yellow
HCL Hue, Chroma, Luminance Perceptually uniform, based on CIE.
OKLCH Luminance, Chroma, Hue Perceptually uniform, optimised for digital screens.

Comparison of commonly used colour spaces.
[Table created by the author of this presentation, based on data from Noor et. al." and the W3C Standard for CSS Color Module Level 42,

HCL colour band, created in Gizual for a set of ten authors.

1. Understanding Color Models: A Review; Ibraheem, Noor & Hasan, Mokthar & Khan, Rafiqul Zaman & Misha, Pramod [2012];
ARPN Journal of Science and Technology. https://www.researchgate.net/publication/266462481_Understanding_Color_Models_A_Review 28 /30
2. CSS Color Module Level 4; W3C Candidate Recommendation Draft; 13 Feb 2024, https://www.w3.0rg/TR/css-color-4/#ok-lab n
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Visual Encoding (3)

= Now: Would use CSS OKLCH colour types: <color>: oklch() wo e
(OKLCH color model)
space.

P
c
S
3
o
=}

C IEIFGIECl Usage relative  Date relative Filtered £ 3

= Contrast values of colours more )  cwome

' . . Safarion® Samsung *
Chrome Edge Safari Firefox Opera IE 1 e i0S Internet Opera Mini

EnREn

evenly distributed. N S0

= Good support in all major browsers. A e Ml N B T M M

u Perceptual un|form|ty W|thout Browser support for <color>: oklch()

[Screenshot taken by the author of this presentation from caniuse.com?]
JavaScript.

= For design tools: Use plugins /
external colour pickers.

1. OKLCH Color Picker & Converter; https://oklch.com/
2. Support for <color>: oklch(); caniuse.com; 10 Feb 2025; https://caniuse.com/mdn-css_types_color_oklch
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Query Bar

= Modular setup, easily extendible.
= Consistent look and feel.

= Timeline as interactive SVG element.

( Range by Date ® B Pattern ® @ Vis ®
@ 09 Mar 2023 06 Sep 2024 £ Branch: main < v *ts v file-lines
pr— 2 7 jum 2 W 3 5 )6 W2)10 jm m 3,5 2 = 3613 4 2 2
T T Y e et I O B O
14 Jan 2023 93 weeks visible - 78 weeks selected 30 Oct 2024

Gizual's Query Bar, with the Timeline component expanded.




Thank You!

gizual.com
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Future Work (1)

= Canvas performance improvements through SVG-based rendering.
= Custom analytics with charts.

= Timeline performance improvements through CSS transforms.

= Binning for visual encoding.

= Brushing for specific lines of code.

= Hierarchical structure overview (treemap).

= SVG export with file content.

= Native build (Electron/Tauri).

= New layouts for tiles (e.g. preserve alphabetic ordering by file name).

=  Fulltext search




Future Work (2)

= Quick toggles: Visual encoding.

& Vis ® @ Vis ®
o

~

file-lines-full Type: file-lines-full Encoding:  Gradient by Age Palette by Author

Ideas:
= Text diff between revisions.
= Merge conflict detector.

= Filter by commit message.




Welcome Screen: Iterative UX Improvements

® 0 ® QG
< C @ localhost:5173
3 gizual  Wwelcome

v Open Repository
I From local directory
B From zip file
@@ From URL

v Featured Repositories

tugraz-isds/diamond

tps: //github.con/tugraz-isds/diamon

@ ts-rest/ts-rest
tr

thub.com/ts-rest/ts-rest

pmndrs/zustand

tps: //github. com/pand

mobxjs/mobx

tps: //github. con/mobxs/mobx
vitejs/vite

th

p thub.con/vitejs/vit

vuejs/vue

ttps: //gi thub. cor

flutter/flutter
tp

L thub . con/Flutter/Flutter

facebook/react

https: //github.com/facebook/rs

microsoft/vscode

o606 00

2stars.

7stars.

2stars.

?stars

640k stars

2stars.

7stars.

2stars.

1570k stars.

Gizual 3.8.8-alpha.17 - Build #328ch49

6 forks

2forks

2forks

2forks

5.6k forks

2forks

2forks

2forks

270k forks

Open from local directory

Open a folder from your local file system. None of your files will be uploaded anywhere, all your data is processed locally on your
own device.

You can pick a custom loader configuration below, or leave it default to choose the best loader for your current browser context.

v Advanced configuration

© File System Access API
Only available in Chromium-based browsers.
Drag & Drop
Allows folder input via drag & drop.
HTML Input Field
Loads the file using the standard HTML input element.

File System Access API

Hover or tap for a demo.

System Access API

@ files B3 (808 jobs) &f (88 jobs)

Gizual's welcome screen [Mar 2024].

v

® 0 ® g Gizual X 3 Gizual X+

<« G % app.gizual.com

B3 sizual e

Select your Repository

M Local

Drag & drop a folder into this box, or

m Choose local folder
(D Info

Choose the root directory of your
repository, or the .git folder.

Check the Documentation to learn more.

&) Worried about privacy?
No need - all data is processed locally
and never leaves your device.

Read our Privacy Notice to learn more.

OR ® Remote

® Load from remote
@ Info

Only public repositories from Github can
be cloned directly. Clones are proxied
through Gizual's servers - standard rate
limits may apply.

Check the Documentation to learn more.

Featured Repositories

tugraz-isds/diamond
©) https://github.com/tugraz-isds/diamond

pmndrs/zustand
© https://github.com/pmndrs/zustand

vitejs/vite
© nhttps://github.com/vitejs/vite

flutter/flutter
© https://github.com/flutter/flutter

Gizual 1.8.8-alpha.25 - Build #aafd5b8

ts-rest/ts-rest
©) https://github.com/ts-rest/ts-rest

mobxjs/mobx
© https://github.com/mobxjs/mobx

vuejs/vue
© nhttps://github.com/vuejs/vue

facebook/react
© nhttps://github.com/facebook/react

8 files

Docs o

B (ees jobs)

& (808 jobs)

Gizual's welcome screen [current].




Query Editor

Query Editor ® x

© Time

Selector

Range by date <

Branch

= Replaces Query Bar on devices with c

Range (Start) Range (End)
20 May 2022 03 Nov 2023

narrow viewports.

Selector

[ Pattern <

= Provides a simplified selection of
modules.

Select Visualization Type

File Lines File Lines Full Width

Displays file content as a series of colored lines. Each line Displays file content as a series of full-width colored lines.
represents a line of code. Each line represents a line of code

File Mosaic Author Mosaic Coming soon!
Displays file content as a mosaic of colored tiles. Each tile Displays a mosaic for each auth le repre

represents a line of code. e mod by the author

Author Contributions Coming soon! File Bar Coming soon!

¢ for the amount of contributions an r, with individual

author hat \etrics

Coming soon!
th individual
i

Select Preset

Gradient by age Palette by author

Colors are assigned based on the age of the line of code. Colors are assigned based on the author of the line of

code.

Customize Preset
. Oldest change

Newest change

Close

Gizual's Query Editor.




Query Assistant (Draft)

= Easier way for new users to get started.
= Contains a subset of avallable options.

= Highly focused on selecting a range and
files to start immediately.

Query Assistant
® Pick a branch & time-range

1Year 5 Years Custom

BBBBBB

(A )= =2 =2 6) 5))3)6)6 4.3 2.6
FEEEEEErr e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

B Which files would you like to see?
Markdown Ts Typescript Rust
*.md *tsx? rs
Plain Text C’/Cv'+’+’ Go
*txt *{c.h}p?p? *.go
P

Additional Glob

Start Exploring

Gizual's Query Assistant.




Query Bar (1)

| Requirements:
= Everything accessible within few clicks.
= Modular setup, easily extendible.

= Consistent look and feel.

( Range by Date ® B Pattern ® @ Vis ®
@ 09 Mar 2023 06 Sep 2024 £ Branch: main < v *ts v file-lines
pr— 2 7 jum 2 W 3 5 )6 W2)10 jm m 3,5 2 = 3613 4 2 2
T T Y e et I O B O
14 Jan 2023 93 weeks visible - 78 weeks selected 30 Oct 2024

Gizual's Query Bar, with the Timeline component expanded.




Query Bar (2)

. Approach:

= Generalised base module exposes common functionality.

* [Individual modules grouped by category.

= Modules directly attached to query interface via Maestro.

( Range by Date ® B Pattern ® @ Vis ®
@ 09 Mar 2023 06 Sep 2024 £ Branch: main < v *ts v file-lines
pr— 2 7 jum 2 W 3 5 )6 W2)10 jm m 3,5 2 = 3613 4 2 2
T T Y e et I O B O
14 Jan 2023 93 weeks visible - 78 weeks selected 30 Oct 2024

Gizual's Query Bar, with the Timeline component expanded.




Query Bar Modules

= Module groups provide interchangeable modules.
= Visual layout always consistent.

= Modules can be swapped with one button.

Time File Vis
Module Module Module

Timeline

Gizual's Query Bar, annotated with module information.




Query Bar: Timeline (1)

| Requirements:
= Easy selection of time range.
= Visual display of commits.

= High performance.

pr— 2 7 e 2 (3 5 )6 X 2)10 )mu( )m 3) b 2 =36 13 4 2 2

T T e e e e A A I O

14 Jan 2023 93 weeks visible - 78 weeks selected 30 Oct 2024

Gizual's Timeline component.




Query Bar: Timeline (2)

. Approach:
= SVG-based rendering with interactive HTML on top.

= |nteractivity for zooming, panning and dragging (mouse and touch).

= Pre-rendering on left and right to improve performance.

pr— 2 7 e 2 (3 5 )6 X 2)10 )mu( )m 3) b 2 =36 13 4 2 2

T T e e e e A A I O
222222222

Gizual's Timeline component.




Query Bar: File Tree

| Requirements:

= Support for thousands of files.
= Partial selection for folders.

= File type icons.

. Approach:
= Limited recursive pre-rendering (3 levels).

* [nternal tree representation in flat structure.

File picker

v

{vvVvvyv

VvV VvV VVYV

2

{ v v
VvV < TTNew

>

v fs-polyfill.js
& index.html
[ package.json
I8 svgdits
v s tsconfig.json
&5 tsconfig.node.json
vite.config.ts
[@ wasi-playground-app

Y .yarnrcyml

o CHANGELOG.md
Cargo.toml

“ Dockerfile

= LICENSE

E2 NOTICE
README.md

[ package.json
shell.nix

0 turbo.json

Gizual's File Tree component.




Visualisation Type Dialogue

= Deliberate use of dialogue instead of
direct display in Query Bar.

= QOverview of visualisation types.
= Choice between visual encodings.

= Preview of selected visualisation type
In selected encoding with customised

colours.

Change Visualization Type

Select Visualization Type

File Lines

Displays file content as a series of colored lines.
Each line represents a line of code.

File Mosaic

Displays file content as a mosaic of colored
tiles. Each tile represents a line of code.

Author Contributions Coming soon!

Displays a tiled mosaic for the amount o
tributions an author has made over tim

Author Bar Coming soon!

Displays each author as a stacked bar, with
nd! C S repr 1ting different

Select Visual Encoding

Gradient by Age

Colors are assigned based on the age of the line
of code.

Customize Visual Encoding
. Oldest Change

Newest Change

File Lines Full Width

Displays file content as a series of full-width
colored lines. Each line represents a line of
code.

Author Mosaic Coming soon!

Displays a mosaic for each author. Each tile
resents a file modified by the autho

File Bar Coming soon!

Displays each file as a stacked bar, with

ndividual segments representing different

metrics

Palette by Author

Colors are assigned based on the author of the
line of code.

Preview

kil

Discard Apply

Gizual's Visualisation Type Dialogue.

“ i



Mosaic Mode

=  Alternative visualisation mode.

= 10 lines of source code grouped
Into a single line of tiles.

= Condensed representation.

= No rendered text content.

Gizual's line mode (left) compared to mosaic mode (right).




Palette by Author Encoding

= Colour based on author of e
line of code instead of = £ =t T = = &
timestamp. = F"-_ B = - F = &
» HCL colour space for equal £ _:_E s £ F F
distribution per default. T EE T v EE e
= = E L = F=: £
= Author panel automatically :F'": > EE fE E
visible. —r =y =k:F

u CO I Oours can be Cu StO m|Sed Gizual's main interface with a visualisation in Palette by Author visual encoding.
by user.




SVG Export

= Stable masonry algorithm.

= Files assigned into columns and
sorted based on rendered
height.

= File header rendered without

interactive elements. III

Gizual's SVG Export.




Integrated Code Editor

» Based on Monaco! code editor.

= Custom line gutter and tooltip.

apps/ ...panel.module.scss.d.ts K apps/gizual-app/src/primitives/author-panel/author-panel.module.scss.d.ts x
declare const classNames: { 1 eclare const classNames: { Ee=- |

readonly SettingsPanel: "SettingsPanel"; 2 readonly SettingsPanel: "SettingsPanel";

readonly Progress: "Progress"; 3 readonly Progress: "Progress";

readonly PaddedPlaceholder: "PaddedPlaceholder"; older: "PaddedPlaceholder";

basdonly Table: “Fable"; Andreas Steinkellner 2"

readonly DataTable: "DataTable"; N 16 Feb 2024 )atﬁTable“; ) N

readonly CellContainer: "CellContainer"; Tt (e le. G :: Hizséi?nl’c‘i:{igo;tainer Heager

readonly CellContainer__Header: "CellContainer__Header"; . - i -

9 readonly CellContainer__Name: "CellContainer__Name";

pasdonly CallContainar_Nase: “CaliComtainarNeme; 10 readonly CellContainer__NumCommits: "CellContainer__NumCommits";

readonly CellContainer__NumCommits: "CellContainer__NumCommits"; 11 readonly CellContaine r_Email: "CellContaine r_Email" ;

readonly CellContainer__Email: "CellContainer__Email"; 12 };
b 13 export = classNames;
export = classNames; 14

Gizual file content in visualisation (left) vs. file content in integrated editor (right).

1. Monaco; https://microsoft.github.io/monaco-editor/



https://microsoft.github.io/monaco-editor/
https://microsoft.github.io/monaco-editor/

File System Access API'

Usage % of all users $ Y
+ Global 25.97% + 0.54% = 26.52%
Austria 36.63% + 0.3% 36.93%

= Abstraction of file system. 74 Himited avalabllty across mAGTRIONSETS ¢ rope 33.05% + 068% = 3373%

API for manipulating files in the device's local file

tem (not in a sandbox).
= Mostly async API ”
Usage relative Date relative Filtered o3

= Access local files directly. :

o *
Chrome Edge Safari Firefox Opera IE for safarfonpRsamsung

Android i0S Internet
74-85"|"79-85" H62.71"

File System Access API B -unorr

*

Opera Mini

= Supported by Chromium.

105-131 3.1-18.1

2-133 | 91-113

ma | 1| .

133-135 18.3-TP | 135-137

Notes  Test on a real browser Known issues (0) Resources (6) Feedback

All major browser engines are working on implementing this spec.
1 Can be enabled in desktop Chromium browsers with the #native-file-system-api flag.

2 Parts of the API are still missing.
Browser support for the File System Access API.

[Screenshot taken by the author of this presentation from caniuse.com?]

1. File System Access API; https://wicqg.github.io/file-system-access/
2. File System Access APl Support; caniuse.com; 21 Jan 2025; https://caniuse.com/native-filesystem-api



https://wicg.github.io/file-system-access/
https://caniuse.com/native-filesystem-api
https://wicg.github.io/file-system-access/
https://caniuse.com/native-filesystem-api

Parsing Git Data

= Git Command Line'
* Not portable (POSIX Shell etc.).
= |somorphic-git Library? (JS)
 No blame support.
= Gitoxide Library3 (Rust)
* No blame support (yet).
= Libgit2 Library*(C)

« Mediocre blame performance>.

Git Command Line; https://git-scm.com/

Isomorphic-git Library; Hilton, William; https://isomorphic-qgit.org/
Gitoxide Library; Thiel, Sebastian; https://qgithub.com/Byron/gitoxide
Libgit2 Library; https://libgit2.org/

Libgit2 Performance Issue; https://github.com/libgit2/libgit2/issues/3027

R W S



https://git-scm.com/
https://isomorphic-git.org/
https://github.com/Byron/gitoxide
https://libgit2.org/
https://github.com/libgit2/libgit2/issues/3027
https://git-scm.com/
https://isomorphic-git.org/
https://github.com/Byron/gitoxide
https://libgit2.org/
https://github.com/libgit2/libgit2/issues/3027

WebAssembly'

Usage % of all users ¢ ?
WebAssembly & - orwer
+ Global 97.46%
n Austria 98.07%
Baseline
on Europe 97.24%

Widely available across major browsers

= Modern binary instruction format.

WebAssembly or "wasm" is a new portable, size-
and load-time-efficient format suitable for
compilation to the web.

» Widespread support, even within e [PROSUNY | N
the browser sandbox. :

o *
Chrome Edge Safari Firefox Opera IE for SEELER SRt

- Android  i0S  Internet
= C/C++/Rust/Go SRR

ST ol XY G s20a) ot |
- IEZE K KO ) )
" No Kernel ABI / Syscalls available. 5 [ s [ [ [ o [wa [ 7 | o

*

Opera Mini

Notes  Test on areal browser  Known issues (0) Resources (5) Feedback

Since October 2017, this feature works across the latest devices and major browser versions (Learn
more about Baseline)

1 Can be enabled via the javascript.options.wasm in about:config
2 Can be enabled via the #enable-webassembly flag

3 Can be enabled via the Experimental JavaScript Features flag

4 Disabled for Firefox 52 ESR

Browser support for WebAssembly
[Screenshot taken by the author of this presentation from caniuse.com?]

1. WebAssembly; https://developer.mozilla.org/en-US/docs/WebAssembly 51
2. WebAssembly Support; caniuse.com; 21 Jan 2025; https://caniuse.com/wasmj n



https://developer.mozilla.org/en-US/docs/WebAssembly
https://caniuse.com/wasm
https://developer.mozilla.org/en-US/docs/WebAssembly
https://caniuse.com/wasm

WebAssembly System Interface (WASI)’

= Used: preview1 (Version 0.1)
= Set of common API specifications. WebAssembly Module (Guest)

= Command-Line Interface (CLI)-like behavior. Gt TR G il

WASI ABI Definitions

interface WasiFunctions { WASI ABI Implementation
args_sizes_get(argc: number, argv_buf_size: number): number;
args_get(argv: number, argv_buf: number): number;

Host / Runtime

fd_close(fd: number): number;

fd_read(fd: number, iovs_ptr: number, iovs_len: number, nread_ptr: number): number; WASI Visualisation
fd_write(fd: number, iovs_ptr: number, iovs_len: number, nwritten_ptr: number): number:;
fd_filestat_get(fd: number, filestat_ptr: number): number;

3

TypeScript Interface showcasing APl of WASI

1. WebAssembly System Interface (WASI); https://wasi.dev/



https://wasi.dev/
https://wasi.dev/

Async File I/O Interface

JavaScript WebAssembly Browser APIs

callmain() \

= Based on approach by A. Zakai'.

call fd_read()

N

Stack Snapshot

= Using Asyncify? .
collect Stack Snapshot

= Drawback:

async getFile()

\
L] L] L] L] L] /
S I g n Ifl Ca nt I ncrease Of mOd U | e S I Ze. Async Boundary / yield
1
time y; Promise resolved()
i S
: restore Stack Snapshot
|
|
: callmain() N\
| /
: y call fd_read()
I N Stack Snapshot
|
| return file content
\
: 7
|
4 JavaScript WebAssembly Browser APIs

Simplified diagram showcasing Asyncify

1. Zakai, Alon; https://kripken.github.io/blog/wasm/2019/07/16/asyncify.html 53
2. Binaryen Asyncify; https://qgithub.com/WebAssembly/binaryen/blob/main/src/passes/Asyncify.cpp n



https://kripken.github.io/blog/wasm/2019/07/16/asyncify.html
https://github.com/WebAssembly/binaryen/blob/main/src/passes/Asyncify.cpp
https://kripken.github.io/blog/wasm/2019/07/16/asyncify.html
https://github.com/WebAssembly/binaryen/blob/main/src/passes/Asyncify.cpp

JavaScript to Rust Command Interface

= JSON-RPC
WebAssembly Module
= Use of FD stdin / stdout. Rust Code Libgit2

= Async wait for next job. WAST ABT Definitions

J

WASI ABI Implementation

Stdout Stdin
{
jsonrpc: "2.0",
id: b,
priority: 1, JSON-RPC
method: "get_blame",
params: {
path: "./package.json",
rev: "v2",
sinceRev: "v1'",
}, JavaScript API
};

JSON-RPC R t used within Gizual.
eaHest Hsed Within izha Overview of JSON-RPC Usage




File /O within the Browser

File API
<input type="file”>
(2006)

FilelList
File

READ ONLY

Overview of Browser File APIs

Clipboard API Drag and Drop API
(2006) (2008)
DataTransfer

File and Directory
Entries API
(2016)

FileSystemFileEntry
FileSystemDirectoryEntry

Storage Device (HDD/SSD)

API File Instance

File System Access API
(2016)

File System API
(2022)

FileSystemFileHandle
FileSystemDirectoryHandle

READ & WRITE




1.

File System Access APl — State in other Browsers

[ NON ) 51 | ©) File System Access API (Local F X |+ v
&« C O 6 https://github.com/WebKit/standards-positions/issues/28 kg ﬁ
(@ILEECN File System Access API (Local Filesystem) #28 2

e annevk on Feb 8, 2023 - edited by annevk Edits « Contributor

Colleagues and | have discussed this and don't see a way to grant write access to the end user's local file
system in a way that safeguards the end user's interests. Quite in line with the conclusion Mozilla reached
in mozilla/standards-positions#154.

We do think there might be ways that <input type=file>, drag & drop, and https://wicg.github.io/
entries-api/ could be integrated better with https://fs.spec.whatwg.org/. Allowing usage of the new APIs
for read access makes sense.

Based on that | suggest we label this as "position: oppose" 7 days from now.

Position of WebKit on File System Access AP

[ NON E] Ig Mozilla Standards Positions X + B
« > C O 8 https://mozilla.github.io/standards-positions/#native-file-system 20 )
Link Specification Position Concerns Topics Venues More info

Implement subset of
File System Access
A AP

#738 ﬁ |||

File System Access
v A& AP

 ceter_
negative & #154
 negaive nl

Description This document defines a web platform API that lets websites gain write access to the
local file system. It builds on File API, but adds lots of new functionality on top.

Rationale There's a subset of this APl we're quite enthusiastic about (in particular providing a
read/write API for files and directories as alternative storage endpoint), but it is

wrapped together with aspects for which we do not think meaningful end user consent

is possible to obtain (in particular cross-site access to the end user's local file system).

Overall we consider this harmful therefore, but Mozilla could be supportive of parts,
provided this were segmented better.

Position of Firefox on File System Access API?

Github discussion about File System Access APl in WebKit; https://github.com/WebKit/standards-positions/issues/28

2. Mozilla Standards Positions — File System Access API; https://mozilla.github.io/standards-positions/#native-file-system



https://github.com/WebKit/standards-positions/issues/28
https://mozilla.github.io/standards-positions/
https://github.com/WebKit/standards-positions/issues/28
https://mozilla.github.io/standards-positions/#native-file-system

File API / File Input Element

= Designed for single files. A Nonstandara

This feature is non-standard and is not on a standards track. Do not use it on production

u La g S i -I: m a ny ( 1 O O O + ) fi I es a re Se | eCted . sites facing the Web: it will not work for every user. There may also be large incompatibilities

between implementations and the behavior may change in the future.

Warning about webkitdirectory attribute
[Screenshot taken from UDN web docs']

(&)

<input type="file" webkitdirectory />

webkitdirectory

9 for (let file of picker.files) {
10 console.log(file.webkitRelativePath);
1hal £
12
13 ! J1T/HEAL Though originally implemented only for WebKit-based browsers, webkitdirectory is also usable in
14 2PC )1t/object z/ee/b/cals ‘ Microsoft Edge as well as Firefox 50 and later. However, even though it has relatively broad support,
15 and m more it is still not standard and should not be used unless you have no alternative.
16 }

Documentation of webkitdirectory attribute
[Screenshot taken from developer.mozilla.org?]

Simple Code Example of File Input Element

1. UDN web docs; HTMLInputElement.webkitdirectory; https://udn.realityripple.com/docs/Web/API/HTMLInputElement/webkitdirectory
2. Mozilla Documentation — File Input Element; https://developer.mozilla.org/en-US/docs/Web/HTML/Element/input/file



https://udn.realityripple.com/docs/Web/API/HTMLInputElement/webkitdirectory
https://developer.mozilla.org/en-US/docs/Web/HTML/Element/input/file
https://udn.realityripple.com/docs/Web/API/HTMLInputElement/webkitdirectory
https://developer.mozilla.org/en-US/docs/Web/HTML/Element/input/file

Browser Event Loop

Microtask Queue Task Queues
Promise.then Promise.catch .
Event Queue (#1) Parsing Queue (#3)
click keydown <html /> <script />
Call Stack
Callback Queue (#2) Resource Queue (#4)
setTimeout onClick onKeyDown download img download css file

console.log(“Hello World”);

Event Loop

Browser Web APIs

main();

Network

File System Access API

DOM API

Simplified Event Loop
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Architecture — Maestro
Ul Components
Ul Controllers Canvas
SettingsController ViewModelController QueryInput
L J Timeline
Main Thread T
query MainController J
queryErrors @@ '; I
metrics %\ | :
Main thread
state Events : ——————————————— Maestro -\ ———
screen I Web workers
|
| 4
! |
I AN :
|
| Maestro I Renderer Pool
l | ) SQLite
: ! i Database
| PR I ——
| ( \
: query ! !
I Functions queryErrors Node 1 Node 2
[ — metrics
!. ___________ state
screen \_
Web Worker \
Explorer Pool
)
Maestro Controller i
—_———————— —|——_—_————— -
( —_——— ——— )
| ( \ |
[} ] ] ]
Node 1 Node 2 Node 3 Node 4

Gizual Architecture




Source-Code Version Control Systems

= Team collaboration.
= History of changes.

= Branching and merging for parallel
development.

= Traceability of the author.

1. Stack Overflow Developer Survey 2022
https://survey.stackoverflow.co/2022/

What are the primary version control systems you use?
80000

70000 67006
60000
50000

40000

Votes

30000

20000

10000
3700 3080
0 1 —

Git SVN | don't use one Mercurial

808

Survey results for the question “What are the primary version control systems you use?” from
the Stack Overflow Developer Survey 2022. [based on Data of the Public 2022 Stack Overflow
Developer Survey Results, licensed under the Open Database License (ODbL)]!
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