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Introduction & Background www.tugraz.at =

Seesoft [1992]

=i ssf i‘iD

File Statistics View Options Help

« Stephen Eick et al, 19921,

* Visualisation of line-oriented
software statistics

w Ty

« Colour-coding each line of code:

* Age (scale: blue = cold to red = hot).

« Author (discrete palette).

2921292

ines 12037712033 &

Seesoft. [Image extracted from Eick et al.” and used under §42f of
Austrian copyright law.].

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
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Introduction & Background www.tugraz.at =

Git Command Line Tool! [2006]

 Widespread adoption.
« Dependency on POSIX shell. coo

- git blame ./package.json
a%9ab27c¢8 (Stefan Schintler 2023-03-21 17:24:44 +0160 1) {

° CrOSS-pIatform ava|lab|l|ty a9ab27c8 (Stefan Schintler 2023-03-21 17:24:44 +0100 2)  "name": "gizual",

a631bbdl (Andreas Steinkellner 2024-04-02 17:18:57 +0200 3) "version": "1.0.0-alpha.19",

Linux maCOS WindOWS a9ab27c8 (Stefan Schintler 2023-03-21 17:24:44 +0100 4)  "license": "Apache-2.0",
y L) a%ab27c¢8 (Stefan Schintler 2023-03-21 17:24:44 +0160 5) "workspaces": [

680994dc (Stefan Schintler 2023-03-30 02:48:39 +0200 6) ", /apps/*",
680994dc (Stefan Schintler 2023-03-30 02:48:39 +0200 7) "./packages/*",
+ Text-based Interface. . — S .
Y Vv Vv
Name Timestamp File Content
Short Commit ID Line Number

Output of Git CLI blame command.
[Image created by the author of this presentation]

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

Master's Examination - Stefan Schintler
29 Jan 2025



https://git-scm.com/
https://git-scm.com/
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RepoVis [2018]

RepoVis  enigmail

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

A Research Prototype

Show Panel > 100% || - + | Zoom 10% - 400%: 65 %
Repository
enigmail B M""w WWM ,_u#“”
Manage.

« Johannes Feiner and Keith Andrews’ |||||||| ||||||| ||II||||| |I“|II|| IIIIII ||II“|I'

« Line-oriented visualisation.

Last Modifications [

Legend

Show All

» Age and Author colour-coding. w e
i I S i )

One month ; “pe:apgel/"ism
I l : Two months . T
° . I | I r Six months 34-52: Patrick Brunschwig
' ) J One year Last changed on 02 Jul 2017 15:56

Two years

[] [ Older This file: 195 lines / 8098 bytes. Last
commit message:
y . 3 | B | "make openpgp-1ib js happy by providing
5 3 the co..."
H $

RepoVis 2018

Basic Settings

« Frontend: JavaScript, PixiJS, WebGL. -

0x0fc54e89, 0x0f430272,
0x0e4f9b84, 0x0ec9dd77f,
0x0c562868, 0x0cd0ed93,
0x0ddc7d65, 0x0d5a315e,
0x0864cfb0, 0x08¢2834b,

b8b2d5, 0x053efe2e, ‘

- -
' ' ' '
Commits/Day 2003 2004 2000 2010 201 2013

h [ VHH R \‘\ M \|\ Il ||‘||HH\|\H|\ \ \ I\“I il |‘\I|| N Hhmm”lmm\ 1 ||“H|| \‘Hlu\w \lh“l ‘[Il\ih\ il H“H\“\M

100% __Wed Jul 112018 at 17:29:30 - Patrick Brunschuwig: allow andfor CSS

RepoVis; 2018 [Image extracted from Felner and Andrews1 and used under §42f of
Austrian copyright law.].

1. RepoVis: Visual Overviews and Full-Text Search in Software Repositories; Johannes Feiner and Keith Andrews;
Proc. 6" IEEE Working Conference on Software Visualization (VISSOFT 2018); Madrid, Spain, 24 Sep 2018. doi:10.1109/VISSOFT.2018.00009
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Gizual [2022 —]

gizual.com

H

@-dnl*-

Y TR

* Intuitive Insights:
Line-oriented visualisation with Age and
Author colour-coding.

« High Performance:
Fast Visualisations on-demand.

T

* Privacy First:
Local data never uploaded.

 Stack:

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

W ETTAIPR

AR TR
VP STy

rtﬂwr"['m||wq||'||

TG LR T

'H v nqﬂ 1 p 1 | m | m M [1 ”I'i‘ LLL '|!'I

Uk U A

ORI

Gizual, 2024.
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Overview & Goals www.tugraz.at =

Gizual‘s Architecture

; User Interaction / Visualisation
° Gizual User Interface1 Ul Components / Controllers Visualisation
. Renderer
by Andreas Steinkellner
* Vlsual ISatIOn . Gizual User Interface
Maestro
. Gizual Data Layer
* User Interaction.
SQLit
PY Gizual Data Layer Explorer Pool Renderer Pool Data;a:e
* In-browser data processing (WebAssembly).
Node 1 Node 2 Node 3 Node 4 Node 1 Node 2

* Broad browser support.

« Performance (pools of WebWorkers). *ﬁ Browser Sandbox / APIs

t. Host OS / Filesystem
(]
Gizual‘s Architecture [Image created by the author of this presentation]

1. Gizual User Interface: Browser-Based Visualisation for Git Repositories; Andreas Steinkellner;
Master’s Thesis; Graz University of Technology, Austria; 09 Dec 2024 https://ftp.isds.tugraz.at/pub/theses/asteinkellner-2024-msc.pdf
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Overview & Goals

Goals of Gizual's Data Layer

 Local: Avoid uploading to a server.

« Fast: Provide results quickly and / or incrementally.

« Scalable: Support large repositories:

Repository GitHub Path Size

Vue 2 vuejs/vue small
React facebook/react medium
VS Code microsoft/vscode large
Linux Kernel torvalds/linux very large

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

Master's Examination - Stefan Schintler
29 Jan 2025

.git/ Size
35 MB
657 MB
1,025 MB
5,836 MB

First Commit
10 Apr 2016
29 May 2013
13 Nov 2015
16 Apr 2005

www.tugraz.at =

# Commits
6,694
25,873
134,419
1,310,317



Challenge 1: File I/O
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oading Data into the Browser

git —

—_—

Master's Examination - Stefan Schintler
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[ ]

Name

3 demo

-—
gizual

v
>

>
>

>

EnEw

-—
>

-—

hooks
info
Ifs

logs

objects

info

] pack

=& pack-2f27f6188af5adcfa084a3d57e2cfd5d8601823a.idx
pack-2f27f6188af5adcfa084a3d57e2cfd5d8601823a.pack

refs

COMMIT_EDITMSG

config

FETCH_HEAD

fork-settings

HEAD

index

ORIG_HEAD

packed-refs

2,26 GB

1KB

589 bytes
17 MB

25 KB
7,8 MB
36 KB
7,7 MB
262 KB
7,4 MB
112 bytes
24 bytes
427 bytes
189 bytes
467 bytes
21 bytes
85 KB

41 bytes

513 bytes

Kind

Folder

Folder

Folder

Folder

Folder

Folder

Folder

Folder

Index file

Document

Folder

Document

Document

Document

Document

Document

Document

Document

Document

[Image created by the author of this presentation]



Challenge 1: File 1/0 www.tugraz.at =

Flle SyStem ACCGSS AP|1 File System Access APl B unorr B

« Global 25.97% + 0.54% = 26.52%
/. Limited availability across major browsers Austria 36.63% +03% = Rl
Europe 33.05% + 0.68% = 33.73%

API for manipulating files in the device's local file

« Abstraction of file system. syt (notin 2 andb,
Usage relative Date relative Filtered o3

« Mostly async API. * *

o *
Chrome Edge Safari Firefox Opera IE for safarfonpRsamsung Opera Mini

Android i0S Internet
. . 4-73 12-18
« Access local files directly. s
"72-%0
91-113
32 | a3 | 182 | 134 |
133.135

« S rted by Chromium.
upported by Chromium “

114

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://wicg.qgithub.ioffile-system-access/
2. File System Access API Support; caniuse.com; 21 Jan 2025; https://caniuse.com/native-filesystem-api
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Challenge 1: File 1/0 www.tugraz.at =

Alternatives for Non-Chromium Browsers

Input
« Drag and Drop API" npu Storage
Origin Private File Svstem? ., Shromium File System Access AP
° rigin Frivate rie sysiem -
Firefox Origin Private File
- Similarities to File System Waterfox, Seaonkey Prag & Drop AP System
Access API. Safari Drag & Drop AP WIP3 ¥
- B dB S t Safari on iOS onlv Remote-Clone Origin Private File
roa rowser support. y System
_ Chrome on onlv Remote-Clone Origin Private File
 Not stored in memory. Android y System

1. Drag and Drop API; https://developer.mozilla.org/en-US/docs/Web/API/HTML Drag_and_Drop_API
2. Origin Private File System; https://developer.mozilla.org/en-US/docs/\Web/API/File System API/Origin_private file system
3. Safari — Incomplete OPFS Implementation; https://bugs.webkit.org/show bug.cqi?id=254726
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Challenge 2: Native Code in Browser

Parsing Git Data

e Git Command Line’

* Not portable (POSIX Shell etc.).

Isomorphic-git Library? (JS)
* No blame support.

Gitoxide Library? (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-git.org/
Gitoxide Library; Thiel, Sebastian; https://github.com/Byron/qgitoxide
Libgit2 Library; https://libgit2.org/

Libgit2 Performance Issue; https://github.com/libgit2/libqit2/issues/3027

aroN =

Master's Examination - Stefan Schintler
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Challenge 2: Native Code in Browser

WebAssembly’

www.tugraz.at =

Usage % of all users $
WebAssemny B - OTHER
+ Global 97.46%
) Austria 98.07%
Baseline

on
Widely available across major browsers Europe 97.24%

) M Od e rn b i n a ry i n Stru Cti O n fo rm at . WebAssembly or "wasm" is a new portable, size-

and load-time-efficient format suitable for
compilation to the web.

« Widespread support, even within N A -
the browser Sand bOX_ Chrome Edge ' Safari Firefox Opera IE Chfrg:ne Safari on* 2ElEn Opera Mln,;

Android i0S Internet

e C/C++/Rust/ Go | 4-50 | 1214 |

32-103] 464 |
57131 [ 16130 [ 11181 | s3-133 ] 44113 | 6-10 |
-m-mmnm--m
| 183

 No Kernel ABI / Syscalls available.

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
1. WebAssembly; https://developer.mozilla.org/en-US/docs/\WebAssembly [Screenshot taken by the author of this presentation from caniuse.com?]
2. WebAssembly Support; caniuse.com; 21 Jan 2025; https://caniuse.com/wasm
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L 59 an 2025



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

Challenge 2: Native Code in Browser www.tugraz.at =

WebAssembly System Interface (WASI)?

« Used: preview1 (Version 0.1) WebAssembly Module (Guest)

« Set of common API specifications.
C/C++ [Rust/ Go [/ others

« Command-Line Interface (CLI)-like behavior.
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; [Image created by the author of this presentation]
fd_filestat_get(fd: number, filestat_ptr: number): number;

}.

TypeScript Interface showcasing API of WASI

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

13 Master's Examination - Stefan Schintler
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Challenge 2: Native Code in Browser

www.tugraz.at =

Challenges of Native Code in the Browser

 File APIs
- Native Code: Sync

 Browser: Async

« JavaScript & Rust Communication

Master's Examination - Stefan Schintler
29 Jan 2025

git-explorer
JavaScript Module

WebAssembly Module
Rust Code Libgit2

WASI ABI Definitions

7

WASI ABI Implementation

Stdout Stdin FSA-FS

=)
\

[

) Origin Private File System
JavaScript API

or File System Access API

Overview of git-explorer module
[Image created by the author of this presentation]
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JavaScript WebAssembly Browser APIs

Async File I/O Interface

callmain() \

call fd_read()

N

Stack Snapshot

« Based on approach by A. Zakai'.

i U S i N g ASyn Cify2 . collect Stack Snapshot

async getFile()

N
7
® " | Async Boundary / yield
Drawback: !
Significant | f module si e Promise resolved
Ignificant Increase o1 moadule siZe. : ¢ romise resolved()
|
: restore Stack Snapshot
|
|
l .
| callmain() N\
| 7
: y call fd_read()
I N Stack Snapshot
|
| return file content
N
| 7
|
|
Vv JavaScript WebAssembly Browser APIs
1. Zakai, Alon; https://kripken.github.io/blog/wasm/2019/07/16/asyncify.html Simplified diagram showcasing Asyncify
2. Binaryen Asyncify; https://github.com/WWebAssembly/binaryen/blob/main/src/passes/Asyncify.cpp [Image created by the author of this presentation]
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Challenge 2: Native Code in Browser www.tugraz.at =

JavaScript to Rust Command Interface

WebAssembly Module

¢ JSON-RPC Rust Code Libgit2

- WASI ABI Definiti
 Use of FD stdin / stdout. erinitions
« Async wait for next job. :I:

WASI ABI Implementation
Stdout Stdin
{
jsonrpc: "2.0",
id: 5,
priority: 1, JSON-RPC
method: "get_blame",
params: {
path: "./package.json",
rev: "v2",
sinceRev: "v1",
}, JavaScript API
b
JSON-RPC Request used within Gizual. Overview of JSON-RPC Usage

[Image created by the author of this presentation]
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Challenge 3: Performance

Performance

3000

2500

2000

1500

Time (ms)

1000

500

25

297
—
0 —= e

2818

2227

375

libgit2 WebAssembly

Git CLI
M vuejs/vue

libgit2 native
W 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. [Chart created by the author of this presentation]

Master's Examination - Stefan Schintler
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Challenge 3: Performance

Multi- Threading

 Pools of Web Workers for:

* Rendering.

- Data Processing.

* Prioritised Job Queue.

« Interval-based scheduling.

Master's Examination - Stefan Schintler
29 Jan 2025

Maestro

Pool Master

* Scheduling

* Metrics
Web Worker
Pool Node 1
postMessage() postMessage()
git-explorer module
Web Worker
Pool Node 2
postMessage() postMessage()
git-explorer module

Pools of Web Workers
[Image created by the author of this presentation]

www.tugraz.at =

Job Queue

Web Worker

Pool Node 3

git-explorer module

Web Worker

Pool Node 4

git-explorer module
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Showcase / Demo
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Limitations

« Safari desktop support’
« More efficient memory management.

e Support even very large repositories:

Repository Size .git/ Size First Commit # Commits ™ Desktop & Mobile
Vue 2 small 35 MB 10 Apr 2016 6,694
React medium 657 MB 29 May 2013 25,873
VS Code large 1,025 MB 13 Nov 2015 134,419
Linux Kernel verylarge 5,836 MB 16 Apr 2005 1,310,317 ? ?

1. Safari — Incomplete OPFS Implementation; https://bugs.webkit.org/show bug.cqi?id=254726

20 Master's Examination - Stefan Schintler
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Thank You!

gizual.com
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Future Work

« Use WASI version 0.2 (preview?2).

« Use JS promise integration in WebAssembly' (when available).
« Enhance performance of git blame (e.g. gitoxide).

* Improve file I/O caching / use SharedArrayBuffer.

* Optimise size of Web Worker Pools.

« Harvest more data than just blame information.

1. JavaScript-Promise Integration Proposal; https://github.com/\WWebAssembly/js-promise-integration/blob/main/proposals/js-promise-integration/Overview.md
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Backup

File I/0O within the Browser

Clipboard API Drag and Drop API
(2006) (2008)
File API
<input type="file”>
(2006)
DataTransfer
File and Directory
Entries API
(2016)
FilelList FileSystemFileEntry
File FileSystemDirectoryEntry
READ ONLY

Storage Device (HDD/SSD)

API File Instance

Overview of Browser File APls
[Image created by the author of this presentation]
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File System Access API
(2016)

File System API
(2022)

FileSystemFileHandle
FileSystemDirectoryHandle

READ & WRITE



25

Backup
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File System Access API — State in other Browsers

[ NON ] é O File System Access API (Local F X + v
&« C O E] https://github.com/WebKit/standards-positions/issues/28 g ﬂ
(@ILEECN File System Access API (Local Filesystem) #28 2
& 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.

g 2 F 2 @5

Position of WebKit on File System Access API’
[Screenshot created by the author of this presentation]

[ NON | E] Ig Mozilla Standards Positions X + v

« > 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 API

#738 % |I|

File System Access
v A& AP

 ceter_
negative & #154
 negative 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?
[Screenshot created by the author of this presentation]

1. Github discussion about File System Access API 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
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Backup

File API1 / File Input Element

« Designed for single files.

« Lags if many (1000+) files are selected.

<input type="file" webkitdirectory />

for (let file of picker.files) {
console.log(file.webkitRelativePath);

Simple Code Example of File Input Element

www.tugraz.at =

A Non-standard
This feature is non-standard and is not on a standards track. Do not use it on production
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 created by the author of this presentation from UDN web docs']

webkitdirectory

Though originally implemented only for WebKit-based browsers, webkitdirectory is also usable in
Microsoft Edge as well as Firefox 50 and later. However, even though it has relatively broad support,
it is still not standard and should not be used unless you have no alternative.

Documentation of webkitdirectory attribute
[Screenshot created by the author of this presentation from developer.mozilla.org?]

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
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Backup

Browser Event Loop

Microtask Queue Task Queues

www.tugraz.at =

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

main();

Simplified Event Loop
[Image created by the author of this presentation]
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Browser Web APIs

Network

File System Access API

DOM API
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Ul Components
|
— Canvas
Architecture — Maestro
SettingsController ViewModelController QueryInput
Timeline
Main Thread
query MainController
queryErrors
metrics .
Main thread
state Events Maestro
screen Web workers
Maestro Renderer Pool
SQLite
Database
query
Functions queryErrors Node 1 Node 2
metrics
state
screen
Web Worker
Explorer Pool
Maestro Controller
[Image jointly created by the author of this presentation and Andreas Steinkellner?]
Node 1 Node 2 Node 3 Node 4

Gizual Architecture
[Image jointly created by the author of this presentation and Andreas Steinkellner?]

1. Gizual User Interface: Browser-Based Visualisation for Git Repositories; Andreas Steinkellner;
Master’s Thesis; Graz University of Technology, Austria; 09 Dec 2024 https://ftp.isds.tugraz.at/pub/theses/asteinkellner-2024-msc.pdf
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Source-Code Version Control Systems

e Team collaboration. What are the primary version control systems you use?
80000
 History of changes. 70000 e7ee
60000
« Branching and merging for parallel £ 0000
development. ; 40000
«  Traceability of the author. o
20000
10002 2 ﬁ 808
Git SVN | don't use one Mercurial

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)]*

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

« Directed Acyclic Graph
 Node: Commits

« Edges: Ref to parent(s)
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07ac8
first commit

a32bb
second commit

57705
third commit

commit

Git Internals: Overview of Structure
[Image created by the author of this presentation]
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root tree README.md
README.md
29a39
root tree test.txt
README.md
d362f
root tree test.txt

.Jsrc/

c371f .
sub tree main.ts
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29658
“Hello World!”

63c72

“What a wonderful
world!”

1366¢
“What a wonderful
world this is!”

20ae1
console.log(“Hello!");




