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ThorVG — Ultra-Lightweight Engine
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Thor Vector Graphics

Lightweight Engine

Thor Vector Graphics (ThorVG) is a production-ready, lightweight vector graphics engine for
interactive apps and creative tools across embedded systems, desktop applications, and the web. Portable,
efficient, and fully open-source, ThorVG offers a clean and easy API for rendering vector-based scenes and
animations, including SVG and Lottie. As the graphics engine behind platforms such as Tizen OS, Godot, LVGL,

LottieFiles and Espressif, ThorVG is already powering a wide range of real-world products and applications.



ThorVG — Ultra-Lightweight Engine

Broad Portability

ThorVG is based on thejC++ standardjand provides consistent functionality across various platforms through
an abstraction layer tha on specific operating systems or hardware.

e Extensive Platform SupportjThorVG supports web platforms, desktop operating systems such as

Windows, macOS, and Linux, mobile platforms including Android and iOS, as well as embedded systems

like Tizen and RTOS-based environments.
e Microcontroller Support: ThorVG has been shown to run on microcontrollers like the ESP32, demonstrating

its efficiency even within environments withghighly limited memory and storage.

 Headless Rendering Support: ThorVG can perform rendering without a display server, enabling use cases

such as server-side graphics processing or offline rendering tools.



ThorVG — -Lightweight Engine

We Should Consider ThorVG as Replacement of NanoSVG for 5.1

B Technical Feedback

ThorVG

'horVG 72 is a project that has been under intensive development recently and will release a 1.0
version soon - currently in pre-release (1.0.0-pre24). It has no external dependencies and can add
as little as 300 KB. It is used by Godot and Canva.

ThorVG has almost complete coverage of the SVG Tiny 3pecs, which is basically all anyone
needs.

Blender Community




C++ — Zero-overhead principle

cppreference.com Create account Search cppreference.com ‘4

Page Discussion Standard revision: Diff v Read View source View history

C++ C++ language

Zero-overhead principle

The zero-overhead principle is a C++ design principle that states:

1. You don't pay for what you don't use.
2. What you do use is just as efficient as what you could reasonably write by hand.

In general, this means that no feature should be added to C++ that would impose any overhead, whether in time or space, greater than a
programmer would introduce without using the feature.

cppreference.com
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ThorVGe| 2=

ThorVG is designed for a wide range of programs, offering adaptability for integration and use in various

applications and systems. It achieves this throughja single binary with selectively buildable, modular

components in a building block style.|This ensures both optimal size and easy maintanence.
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The core library of ThorVG maintains a binary size of ppproximately 170KB, This is significantly smaller

compared to graphics engines designed primarily for desktop environments and offers the following



Meson SMO 2 H= ThorVGe BE1} ZAZFA

option('loaders’, option('engines',
type: 'array', type: 'array’,
choices: ['', 'svg', 'png', 'jpg', choices: ['cpu', 'gl', 'wg',6 'all'l],
'Llottie', 'ttf', 'otf', 'webp', 'all'], value: ['cpu'], ...)
value: ['svg', 'lottie', 'ttf'])

if cpu_engine
if png_loader subdir('cpu_engine')
if get_option('static') endif
subdir('png') if gl_engine or wg_engine
else subdir('gpu_engine')

subdir('external_png') endif

Engine




=M1} config.h: Preprocessor

r

bullaair

config_h.setl0

2M 5 config.h |32 MM
#ifdef 2715 ZOIY AOFA 0| Al X 2| E




S M1} config.h: Preprocessor
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o MX2| HAHO| ( define , undef , include, if , ifdef , ifndef , else, elif , endif , line, error , warning,
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o SHHE
gl XIA|O] (BHHE CH30l U= # ) = &1 OFF 7|sk 81X &&LICH.
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S M1} config.h: Preprocessor

Swi_anvas:: gen (EngineOptiol

enginelnit > @)
renderer = W SwRenderer(TaskScheduler::threads(),
renderer->ref! );
ret = W SwCanvas;
ret->pImpl->renderer = renderer;
ret;

THORVG CPU ENGINE _SUPPORT 7} 7HX|™

g F=22 AL 0A| H=EIX| 25=Ct

Lo L.



Preprocessor -> Compiler -> Linker

\

* Modifies the orignal
program according to
the directives that start
with '#.

Preprocessing

Meson 0|A| H™El ZM3 config_h S Sl
Preprocessor 0j|A¢] Z=5 H*{2|o}11

AMEA7L 2R 7St T EAte| ATl 2E

*

* Translates the program into a
object file containing

Compilation
machine language code

zero-overhead

* Handles merging
Linking and make executable

file.

iIsocpp.org/blog/2013/11/compiling-and-linking
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Shared? Static?
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Shared= Al¢H

Shared (.dylib - .so - .dll) Static (.a - .lib)

213l A] dynamic loader?} &= ol A 213 A| 4lH O}l olO 2 FALE
Ot TEMAI FES S+ A|Z} WS - HHEEZ | IpE StLL
2fo|=2e{2| 2t wA|sl |0 E 7t= 2 OIS = 7HE = US



Shared vs Static 0i|A|

noh > AppData > Llocal > SumatraPDF

@D @ @ ']‘\‘L HeE o == H7| ~ o SumatraPDF-3.6.1-64.zip - ¥IC| & (ARG L)
Ir&F ®\EE =700 280 27NV =4M LE2EA)
libmupdf.dll X 7z Ire| 7|2 Hg HIC|ITOE HWHSIAIASUIN
PdfFilter.dll
} PdfPreview.dll
£ SumatraPDF-3.6.1-64.zi ol v
frw SumatraPDF.exe - . | _ I_
‘B|SumatraPDF-3.6.1-64.exe

—| SumatraPDF-settings.txt

Shared Static, Portable



Shared: FFMPEG, License Compliance

License Compliance Checklist

The following is a checklist for LGPL compliance when linking against the FFmpeg libraries. It is not the only way o comply with the license, but we think it is the easiest. There are also a few ilems that are nol really
related 1o LGPL compliance but are good ideas anyway.

1. Compile FFmpeg without “—enable-gp!" and without “—enable-nonfree”.

FaUse dynamic linking (on windows. this means linking to diis) for linking with FFmpeq libranes

3. Distribute the source code of FFmpeg, no matter if you modified It or not.

4. Make sure the source code corresponds exactly to the library binaries you are distributing.

5. Run the command "git diff > changes.diff” in the root directory of the FFmpeg source code to create a file with only the changes.

6. Explain how you complied FFmpeg, for example the configure line, in a text fle added to the root directory of the source code.

7. Use tarball or a zZip fiie for distributing the source code.

8. Host the FFmpeg source code on the same webserver as the binary you are distributing.

9. Add "This software uses code of <a href=htip./fimpeg.org>FFmpeg</a> licensed under the <a href=hitp://www.gnu orglicenses/old-licenses/igpl-2.1. himi>LGPLV2.1</a> and its source can be downloaded <a

href=link_1o_your_sources>here</a>" o every page in your website where there is a download link 1o your application.

10. Mention *This software uses libraries from the FFmpeg project under the LGPLV2.1" in your program "about box*,
11. Mention In your EULA that your program uses FFmpeg under the LGPLv2.1.
12. If your EULA claims ownership over the code, you have to explicitly mention that you do not own FFmpeg, and where the relevant owners can be found.
13. Remove any prohibition of reverse engineernng from your EULA.
14. Apply the same changes to all transiations of your EULA.

15. Do not misspell FFmpeg (two capitals F and lowercase "mpeg”).
16. Do not rename FFmpeg @s to some obfuscated name, but adding a suffix or prefix is fine (renaming “avcodec.dii” to "MyProgDec.dil" is not fine, but to "avcodec-MyProg.dil” is).

17. Go through all the items again for any LGPL extemnal library you compiled into FFmpeg (for exampie LAME)
18. Make sure your program Is not using any GPL libraries (notably libx264).

FFMPEG, 2I0|MIA T Apst




Static: Godot

22 >  Godot v4.7.1-stable win64.exe (1)

AL M. BE KT | exe Instructions

]

O & =

e Extract and run. Godot is self-contained and does not require

installation.
8 Godot_v4.7.1-stable_win64_console.exe
2%

e |f you run into an issue, check the Troubleshooting page for
common issues and their solutions.
Godot_v4.7.1-stable_winbt4.exe

Godot is code-signed and notarized for macOS by Prehensile Tales
B.V..

ofLt2] exe O, +l= HIE

r



default_library -> Shared, Static

1ib_type = get_option('default_1library')

if lib_type == 'shared'

compiler_flags += ['-DTVG_EXPORT', '-DTVG_BUILD']
else

compiler_flags += ['-DTVG_STATIC']

endif

Meson SM0|A| default_library M2
A3 M Shared, Static 2E ZH J}=



Example?| 2|&3: thorvg-1

meson install
library-oi|C{2} €71 thorvg-1.pcE A X|

Example2 pkg-config Z=0t 2™
dependency()2 ThorVGE &

meson install — thorvg-1.pc 44 —  PKG_CONFIG_PATH

dependency('thorvg-1')

Source - source/thorvg.example/src/meson.build:1-3 - SPREFIX/lib/pkgconfig/thorvg-1.pc



0%

Example 4!

L -

5] @ ThorVG Example (OpenGLJES)

Ols 1% SO

ThorVG £ Shared £ 21E5}1 Install o}

Example CIA| R ESHX]| Q210

MZ2L2 ThorVG O EH|AESHZA oIL}
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APl 10| T 2Hd: Kotlin - Swift - Dart - C# - Rust...



API2} ABI

= Application binary interface ¥, 23 languages -

Article Talk Head Edit View history

From Wikipedia, the free encyclopedia

An application binary interface (ABI) is an interface exposed by software that is defined
for in-process machine code access. Often, the exposing software is a library, and the
consumer is a program.

An ABI is at a relatively low level of abstraction. Interface compatibility depends on the
target hardware and the software build toolchain. In contrast, an application programming
interface (API) defines access in source code, which is a relatively high-level, hardware-
independent, and human-readable format. An API defines an interface at the source code
level, before compilation, whereas an ABI defines an interface to compiled code.

API compatibility is generally the concern for system design and of the toolchain. However, A high-level comparison of in-kernel and &
kernel-to-userspace APls and ABls

a programmer may have to deal with an ABI directly when writing a program in multiple
languages or when using le compilers for the same language.

Wikipedia



ThorVGZ} X| &= C API2 ABI

Interop 2'H At

C++
NETE H|O|E|E ZE0AM ZAH

- C++ 210{ 7 0= XIYIE|= DE NET BUE U 78 17| QUi Co+ HIY IH(F,
’ COM interop MSVC, clang % GCO)ofl F2|&l ABIZt QlSLICH Y2HE ABIZ} 87| 20| 2E Y22
— X|551717} of&Lick
HRESULT @ PreserveSig C++9} At 28ste A% wye gAE Frem C HAE LED C HA2 SE0I= A
ol it
> oj2e| )

e ClangSharp @ H}QIG 47|

learn.microsoft



C++ ME2 W22l — extern "C"7} HO{ Alo|2] HAIE X|Z!

RE| =1
C++9-| QH-IEE’J L'||=,ﬁll'||0|ﬁ $ nm libthorvg.so | grep gen

- 0|§0{| El-ﬂ% ?_I_-?I_%-I (mang"ng) _ZN3tvg5Shape3genEv
$ c++filt _ZN3tvg5Shape3genEv

_ 41101 =
n]II'EE'IDI'EI' |:|'= tvg: :Shape: :gen()

extern "C"
extern "C" {

- =32l OFF TV6_API Tvg_Result
- 54 0|Z 3 EfRI0)| C 2A0f 2T 7ok K|
return (Tvg_Result)

- 21ElQI0]| O| SO = AIF & 7| 2 Initializer::init(threads);

tvg_engine_init(unsigned threads) A




of2] Hpole

® C API(thorvg_capi)

C# - Unity thorvg/thorvg.unity — Dllimport(P/Invoke)= tvg_* ZI& M . Runtime/Sys/Tvglib.cs
Swift - Apple thorvg/thorvg.swift — C interop — tvg_engine_init() 218 2& - swift/Models/Engine.swift
Rust - LottieFiles LottieFiles/dotlottie-rs — bindgen — tvg_engine_init() - src/renderer/thorvg.rs

® extern "C"-JNI glue

Dart - Flutter thorvg/thorvg.flutter — dart:ffi - tvgFlutterLottieAnimation.cpp

Kotlin - Android thorvg/thorvg.android — external fun(JNI) + XtX| C++ glue - thorvg-core/src/main/cpp/

® Web, C++& embind

TS - Web thorvg/thorvg.web — C++ API - tvgWasmWebCanvas.cpp
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Struct, Class, H|22| 2|0|0}=




struct S { int x; };
class C { int x; };
— public vs private
struct D : S {};

—1

L
7|2 &% — public vs private
class E : S {};

ThorVG 37l API LS

struct TVG_API Paint
- struct’| 7| = ’
- private, protected7| 2R3t 320t HA| protected:

virtual ~Paint();

};




AYUei7t RSO BHE0| S oAl 4
- ‘HGR}, ABX}, = ALK ,

~T();
- ZAl(const T&) = = Lt 7t AIE T(const T& 0);

- OIE(T&&) = ASA O|H T& operator=(const T& 0);

T(T&& 0);
T& operator=(T&& 0);

e L

2 79|
- Rule of Five/Three/Zero

Rule of Five




ThorVG API /24| MQA0A = = U= THE 2

|3 = x=3}
- ZAFCHY delete, /A X} protected
- A at ATES S ool MU= B (gen, rel)

1Ta=
- AF2XI2| API ALE A+E UF

- |

- B3 ¥ =D 9L AR HHSLT 412 API K2
HE
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ThorVG e| ZE ZHHIM

class MyClass : public Base

{
static constexpr float NAME_MAX = 100;

enum Type : uint8_t { Default = @, Typel, Type2, Type3 };

Type type = Type::Default; //assign an initial value when essential

float length = 1.0f;

charx name = nullptr; //use nullptr, not NULL or ©

float size; //omit initial value only when not logically needed

//pack booleans together for optimal memory alignment (3 bytes here)
bool initialized = false;

bool valid = false;
uint8_t refCount = 0;

Folme
- Moint ghi 23t MAS TS

- memory alignment £ X|ZZA



union R = 717 AlO| =7} 2 HIHOIE Oj| 2 2| XX
- E}I0IC} CE 24| sl AM5lofol= HHES

oiLI= /O HIEE]| SHISE S

Ef&l?
- channelSize/FillType Ej1 -> buf8 or buf32
- Gradient E[i0f| [f2} C}E HIH ALE

union

ColorSpace

union

S




HIZ22] =|Ket) BH AU A7t 124 37| = His

o
30
rir
0
e

2 e

HIH 2+2}0| struct, class H|Z22|0]]
o2 So17tofetX|o]| CHet2

-Wpadded -> I|J0] &€& 0l 31

XtM|etZd: https://en.wikipedia.org/wiki/Data_structure_alignment



GPU H|22| |0|0}R — std1402} WebGPU 112 (CPU -> GPU)

HIZ22] Z|O|0IREREt BF

- shader uniform buffer(std140)- alignas(16) float nStops[4] = {};

alignas(16) float startPos[2] = {};
i xi 23
WebGPU 256B 5= alignas(8) float stopPos[2] = {};

S XI7|X| 22H GPU 27 &

- alignas@t HA|A oS i SE

uint8_t _padding]|

256 - sizeof(WgShaderTypeMaté4xsf) ]{};

- static_assert(sizeof==256)=
?—I]Il.ﬂl E_I.Gloﬂ ?-I"-'-
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&= Virtual Casting

plmpl static_cast, reinterpret_cast




struct TVG_API Paint
{

virtual Type type() const noexcept

protected:

virtual ~Paint();

&

struct TVG_API Shape
struct TVG_API Scene

struct TVG_API Picture :

struct TVG_API Text

: Paint { /% ...
: Paint { /% ...
Paint { /* ...
: Paint { /* ...




Virtual? — Paint0|A] virtual2 type() 2} A X

struct TVG_API Paint

{
Result translate(float x, float y) noexcept;
virtual gt Result rotate(float degree) noexcept;
- EH'lal'olEi! " %7'5'.' |‘?_|"é'! _ El‘ﬂ’é‘ Result scale(float factor) noexcept;

Result opacity(uint8_t 0) noexcept;

- base E'Eﬂﬁ E?_IE'V‘E'-JEE §§3|'E %E! HI'O = Result clip(Shape* clipper) noexcept;

. L AL - Result blend(BlendMethod method) noexcept;
A8 44| EFIQ! derived Ec{A Q| g7} Al E! |
virtual Type type() const noexcept = 0;
P

protected:
virtual ~Paint();

};




PAINT_METHOD — type AIX|7t Impl &4+E

Paint CI2A HAMEE= virtual 80| Impl2

##tdefine PAINT_METHOD(ret, METHOD) \
switch (paint->type()) { \

type()2E LA

to<Xxximpl>(paint)->&+ 2= case Type::Shape: \

ret = to<ShapeImpl>(paint)->METHOD; break; \

(bounds-duplicate-render-update...) case Type::Scene: \

ret = to<SceneImpl>(paint)->METHOD; break; \

case Type::Picture: \
default: ret = {}; \

g3?

- LIFOIA AFESt= &S ALEXAIIIA| &Z x
- £ 81 virtual table B X <-- T, O|E2 QIS

A (type Of|A] SHH ) PAINT_METHOD(ret, render(renderer, flag));




Impl N ES2HAZ A0 U= A

ShapeImpl : Shape

PAINT_METHOD
- ShapelmplO| ShapeE &=
- gen()0| = Shape* = At Shapelmpl*




Z7}) static_cast: 27| U= EI! Al0]|2] tHet

AL/} EAIE o= HE

intefloat void*< T* Base<>Derived

=
o

]
m
I°
o
>
rir
£Q
mjo
o

chl 11 Efg'0leh= A 2R

to<T>()= type() EfE HX 2tQl

RTTI 2= 2t&ol downcast

HE1O|X| ‘KH3HA1'0] O

e L



Z=71) reinterpret_cast: H0| E2| Xl{o}{ A

tH2H0| OfL |2} XHoH A
I

Etei= SAS uA|

0
FIF

o

uint64_t -> TiMl 27 £ SiHoj| 217]

reinterpret_cast<uinté4_t*>(dst)




Z7H virtual table

class Base {
_vptr;
VII’tUEI' e 7 |' ‘Jl'LI‘El'E UO E virtual void functioni() {...}
. virtual void function2() {...}
%EHﬁDI'EI' via ble(%l'# T4 E), virtual void function3() {...} <

}

class Derived1{
_vptr;
void functionl() {...} <

% = vptr 25 > BN T4 25 )

class Derived2{ Derivedl::functionl()
- =
> {25 — ?_IEI'?_I =7 I Oﬂéoﬂ EEI —”Ftr; ‘ | Derived2::function2()
: void function2() {...} < Basefunctions0

AT 52 vptr7t ‘S84 (+8B)




=71) 718 28X

Virtual destructors

Although C++ provides a default destructor for your classes if you do not provide one yourself, it is sometimes the case that you will want to provide your own
destructor (particularly if the class needs to deallocate memory). You should a/lways make your destructors virtual if you're dealing with inheritance. Consider

following example:

finclude <10Stream»
class Base

{

public:
~Base() // note: not virtual

{

Paint O|M = Type 2} AEXat b

[ x 1]
Vlrtual -'.—-IH | érwute:
int* m_array {};

std::cout << "Calling ~Base()\n";

public:
Derived(int length)

- : m_array{ new int[length] }
2Z2XH0f| virtual 0| S5 B35 5| o

Ou.lal'Ii‘E:!El_l E?_IE'IO'II delete AI‘%*I ED{-f‘iwd() // note: not virtual (your compiler may warn you about this)

std: :cout << "Calling ~Derived()'n";

Base —ql :"'.:UE:'II'E'_l' §§EI_I EI' ) delete[] m_array;

b
int main()
i1 Derived* derived { new Derived(5) };
] ale (] 1 VR -
return @;
blata: If vimi ramnila thae alhsua avamnala vmore famnillar s warars oma i alhamaoab tha annasarkial dactriictar hiuhicrk ae inrtantinnal far thie avammlal Ve e naad b

https://www.learncpp.com/cpp-tutorial/virtual-destructors-virtual-assignment-and-overriding-virtualization/
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raw pointer, unique_ptr, scope



init()2t term()2 A — FL2E{7} X £7|3} AXE FIRE

AHO
T M SHL
- Initializer::init() / term() =] TEST_CASE("Basic initialization") {
REQUIRE(Initializer::init() == Result::Success);
REQUIRE(Initializer::term() == Result::Success);
56 32 71262 o

- OfX|2 term()0A] 2H| S &
TEST_CASE("Multiple initialization") {

REQUIRE(Initializer::init() == Result::Success);

OI[[H o= O-III I1E'IEIE'3',I_ REQUIRE(Initializer::init() == Result::Success);
REQUIRE(Initializer::term() == Result::Success);

- LoaderMgr (=81 2 22|)
- TaskScheduler(AZ|E E)

= To} 23| £ B2




ZHH| 4 gen() €
- static factory method, Raw Pointer 82l

REQUIRE(Initializer::init() == Result::Success);
{
auto canvas = unigue_ptr<SwCanvas>(SwCanvas::gen());
uint32_t buffer[100%100] = {};
canvas->target(buffer, 100, 100, 100,
ColorSpace: :ARGB8888) ;

canvas->add(Shape::gen()):

canvas->update();

canvas->draw():

}
REQUIRE(Initializer::term() == Result::Success);

ThorVG 2| 8 ZHN|= gen 0|2}= Y2HMU=ste2 M

0%
il

Canvas = AI2X}7} 22|soFet CHA!
Paint = Canvas 0j|A| 2t2|6}= CH4t



Paint: gen()0llA] delete?X| ARH S&

tvg::Shape::gen()

20| 2| ‘4

-

LS

scene->add(shape)

ref++ - &27H O|H

~

A

M7} ref()= HHEA] unref() 2} =

remove() / scene &8

unref()

A% £xsH2{H push H0j| ref()

ref --> Canvas/Scene 0| 2AEE|C 2l AF2X}71 =0f| KA 7=
(ex) 2E Canvas AH| £ MZ2 Canvasoll 7})

refCnt==0

delete — &



Canvas: gen(), Ar2X}7t +=3 2t

REQUIRE(Initializer::init() == Result::Success);
SwCanvas: :gen(EngineOptio: 1
auto canvas = unigque_ptr<SwCanvas>(SwCanvas::gen());
(engineInit > @) { uint32_t buffer[100%100] = {};

renderer = ; SwRenderer skScheduler::threads(), ‘ canvas->target(buffer, 100, 100, 100,
renderer=>reft! );

ret = SwCanvas: ColorSpace: :ARGB8888) ;

ret->pImpl=->renderer renderer; canuas—badd(Shape: :gen());

canvas->update();

canvas->draw():

}
REQUIRE(Initializer::term() == Result::Success);




raw E2IE12} unique_ptr

raw X9IE]
- delete U2 A2 X}
- Paint: &X E*EIE Eoll A= AHHE|= Paint

SwCanvas* c¢ = SwCanvas::gen():
- Canvas: Delete 22 Al2X} °

delete c;
unique_ptr

- 2771 EFRi0l BA,

- scope =-0{|2]|0f| = X}= olj]|

- H[22 rawe} 52 (zero-overhead)

- # A HIAE ZE0l|lM Canvas =88 &2|517] 2lol AE

auto c2 = unique_ptr<SwCanvas>(SwCanvas::gen());




r‘.?.*

ThorVGIE %32l unique_ptrs tt

v1.0 £1%(2024-11)MX| gen()=2k
push()= unique_ptr A2

7{8l ed01ef710j|A] M H|A
—"H|22| 22| = A2} HHelo ="

+ static Shapex gen():

+ Result push(Paint* paint);




HE{2| 2| HIetH O 2 unique_ptr2 £

HE{2|7} unique_ptr2 E2{FH
A5# O|FO0| A|JL|Xo| E2{Ltn
SEX7L Aok= +£8 o= F

(ALHE M7HL} shared_ptrZ Hgl)

C++ Core Guidelinesk Z2 #11

"AH5H O|HU unique_ptr"

"A common use for std::unique_ptris as a factory
function return type for objects in a hierarchy."

— Scott Meyers, Effective Modern C++



scope

{}7I ZIE= scope

- X|O
- X9 AMl= T A ggr scoped_lock Llock(mtx);
- 0|EEP Al )Ii| c;ll_-;._*ggg _.Jlk.._I:lE:I auto canvas =

unique_ptr<SwCanvas>(SwCanvas::gen());




- Lock-I}t & -HHI 2i2|0f] A+EE

- Scope {} = Z|Cligt E&ol= FA[0|A

- unique_ptr, scoped_locks 2H C++
IIj £

ThorVGOHA = 7= ot T{E
- ScopedLock

ScopedLock




tvg::malloc

ThorVG LHE2| raw &
tvg::malloc / calloc / realloc / free

template<typename T = vold>

static inline T* malloc(size_t size)
HZ= malloc £l2| &2 2l ;

AME2X7F ZHAEGEH| £1A| oF7| Sl return static_cast<T#*>(

(PR #3892)

std: :malloc(size));
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ThorVG.Pixel Inspector: Golden/GM

Two steps, one per ThorVG version. References are generated on demand

STEP1 - Install thorvg@refA & Update reference PNG -> 1.0.0 minor
MAAAN,
ThorVG Build | Jtvg-pixel-inspector Reference BADNS A,
@ refA (v10.5) tvg-pixel-inspector --update-reference DNG set N NN SN

RAAAA.

STEP 2 - Install thorvg@refB & Make lest set & Evaluate

ThorVG Build lest Diff Png Set +
. Jtvg-pixel-inspector ! Evaluator

@ refB (main) tvg-pixel-inspector PNG set MTML Reporter



UnitTest, Memory Check: valgrind, ASAN

unit_test

succeeded 2 weeks ago in 10m 49s

unit_test summary

¥ Valgrind output

MEMCHECK (VALGRIND) RESULT:

env LIBGL_ALWAYS_SOFTWARE=1 valgrind —-

suppressions=/home/runner/work/thorvg/thorvg/.github/workflows/valgrind.supp —1leak-check=yes ./tvgUnitTests

Memcheck, a memory error detector (O
Copyright (C) 2002-2022, and GNU GPL'd, by Julian Seward et al.

Using Valgrind-3.22.0 and LibVEX; rerun with -h for copyright info

Command: ./tvgUnitTests

All tests passed (23819 assertions in 99 test cases)

> @ Setupijob
> @ Run actions/checkout@v4
> Install Packages
e d ==4850==
==4850==
> @ Install wgpu_native ==4850==
==4850==
> & Build ==4850==
> @ Run actions/upload-artifact@v4
==4850==
> @ Run memcheck Script(valgrind) ==4850==
==4850==
, , ==4850==
> @ Build & Run memcheck Script(ASAN) ——4850==
==4850==
> @ Post Run actions/checkout@v4 ==4850==
==4850==
. ==4850==
> @ Complete job ==4850==

i =

HEAP SUMMARY:

in use at exit: 238,645 bytes in 2,722 blocks
total heap usage: 6,065,703 allocs, 6,062,981 frees, 4,376,128,941 bytes allocated

84 bytes in 1 blocks are possibly lost in loss record 2,575 of 2,593

at 9x4846828:
by @x4E76F87:
by @x4E7790C:
by ExdEﬁA?EQ:

il P S

malloc (in /usr/libexec/valgrind/vgpreload_memcheck-amd64-1inux.so)
hashbrown::raw: :RawTableInner::fallible_with_capacity (in /usr/local/lib/libwgpu_nativ
hashbrown::raw: :RawTable<T,A>::reserve_rehash (in fusr/local/lib/libwgpu_native.so)

<wgpu_hal::gles::eqgl: Instance as wgpu hal :Instance>: init (in fusr/local/lib/libwgpu,

- i L e B | [ =



Debugging: VSCode, CLion, Visual Studio, GDB, LLDB...




Profiling: VTUNE, Tracy, Instruments, CLion...




Profiling: VTUNE

(v) Elapsed Time :122.792s - 150.529s = -27.737s

(3 CPU Time ©: 117.307s - 143.512s = -26.205s
Total Thread Count: Not changed, 3
Paused Time ©@: Not changed, 0s

& Top Hotspots &
This section lists the most active functions in your application. Optimizing these hotspot functions typically
results in improving overall application performance.

Function Module CPU Time % of CPU Time ©

18.523s - undefined = 15.8% - undefined =
18.923s 15.8%

pthread_spin_lock libwinpthread-1.di :g'gggg = = 9.3% - undefined = 9.3%

pthread_getspecific libwinpthread-1.dll

LottieExpressions.ex

a 7.703s - 17.088s = -9.385s 6.6% - 11.9% =-5.3%

jmem_heap_alloc

RtiIRestoreLastWin32Erro
r

ntdil.dll 7.079s - undefined = 7.079s 6.0% - undefined = 6.0%

GetLastError KERNEL32.DLL 5.412s - undefined = 5.412s 4 6% - undefined = 4.6%
67.687S - 126 4235 =

*N/A is applied fo non-summable metncs.



Profiling: VTUNE and PDB

! Q. Search this document

3

>

?

>

Release Notes 4

System Requirements (4

Install Intel® VTune™ Profiler

Get Started

>

v Intel” VTune™ Profiler User Guide

Introduction

Install Intel® VTune™ Profiler
Open Intel® VTune™ Profiler
Set Up Project

Set Up Analysis Target

Prepare Application for
Analysis

v  Windows® Targels

Install the Sampling
Drivers for Windows*
Targets

Debug Information for
Windows* Application
Binaries

Compiler Switches for
Performance Analysis on

Debug Information tfor Windows™ Application Binaries

|lntel" VTune™ Profiler requires debug infurmatiﬂnlfar the binary files it analyzes to obtain accurate
performance data and enable source analysis.

Generate Debug Information in the PDB Format

On Windows* operating systems, debug information is provided in PDB files. Make sure both your system
and application libraries/executable have PDB files.

By clefa.ult,llhe Microsoft Visual Studio® IDE does not generate PDB information in the Release mode.|For
better results with the VTune Profiler, enable symbol generation manually.

To generate debug information for your binary files:
1. Right-click your C++ project and select the Properties item in the context menu.
The <your_project> Property Pages dialog box opens.
2. From the Configuration drop-down list, choose the Release configuration.
It may be already selected if your current configuration in the Visual Studio environment is Release.
3. From the left pane, select Configuration Properties > C/C++ > General.
4. In the Debug Information Format field, choose Program Database (/Zi).
5. From the left pane, select Configuration Properties > Linker > Debugging.
6. In the Generate Debug Info field, choose Generate Debug Information (/DEBUG).
7. Click OK to close the dialog box.

8. Compile your target application with optimizations.



Profiling: CLion

Flame Graph Call Tree Method List Method Back Traces

All threads merged

thread with id 6455155
thread with id 6455082
thread with id 6455118
thread with id 6455180
thread with id 6455119
thread with id 6455154

thread with id

Method

dyld start

LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions

| ortieFxnrestinng

“main

tvgexam: . main

tvgexam:: Window::show
UserExample::update

tvg::Animation:: frame

LottieLoader: :frame

LottieBuilder: :update

non-virtual thunk to LottieLoader::run
LottieBuilder::updateLayer

| attieFxnresciones evaluate

Back Traces Merged Callees Callee List

Method

LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions
AGCXMetalG17X"

LottieExpressions

“jmem_heap_alloc

jmem_heap free_block
linelo

setCell

ecma_find_named_property

eCma_compare_ecma_non_direct_strings

"jmem_decompress pointer

rasterRle
cubicTo
ecma_gc_mark(ecma_object_t*)

_horizLine

float bezlength(tvg::Bezier const&, float (*)

libsystem_platform.dylib _platform_memcmp

LottieExpressions
LottieExpressions
LottieExpressions
LottieExpressions

LottieExpressions

rieRender

ecma_gc_run
lit_is_utt8_string_magic
ecma_compare_ecma_strings

jmem_compress pointer

libsystem platform.dylib platform memset

Samples -

Own Samples

60,477
60,475
60,475
60,391
54,817
41,306
41,304
40,992
40,988
40,941
10 3196

Own Samp..

—=
) =R N E D D D DD




Profiling with Al

JerryScript U5 H| & =&

Heap alloc

Heap free
Property lookup
String compare
GC mark+sweep
Pointer compress
String create

Literal lookup

Inclusive subsystem breakdown

B Expression evaluate (65.1%)
B Rendering/raster (22.9%)

2 Other (12.0%)



For GPU: RenderDoc
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B " Colow Pass Bl 1 Tomgcts « Dopthi
EID

1

Event
glDisableVertexAttribArray( Vertex Array 89¢" , 0)

glBindBuffer(GL ARRAY BUFFER, Buffer 86¢" )
giDisable(GL STENCIL TEST)
glUniform1f(Program 98¢° , { 0.05258 })
glUniformMatrix3fv(Program 98¢° , False, float[9])
glScissor(0, 0, 2048, 1152)

glDisableVertexAttribArray( Vertex Array 89¢° , 1)

glVertexAttrib4f(1, { 0.19608, 0.19608, 0.4902, 1.00 })

glBindBuffer(GL ARRAY BUFFER, Buffer 86¢" )

glEnableVertexAttribArray( Vertex Array 89¢” , 0)

glVertexAttribPointer( Vertex Array 89¢” , Buffer 864", 0, 2, GL_FLOAT, False, 8, 13072)

glBindBuffer(GL ARRAY BUFFER, Buffer 87¢")

glEnableVertexAttribArray( Vertex Array 89¢", 1)

glVertexAttribPointer( Vertex Array 89¢” , Buffer 87", 1, 4, GL_ UNSIGNED BYTE, True, 4, 0)

Cabgrach -
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Thank You

SoonGeon Noh
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