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Copyrights.

Vulkan and the Vulkan logo are trademarks of the Khronos Group Inc.

OpenGL is a registered trademark and the OpenGL ES logo is a trademark of Silicon Graphics Inc. used by permission by Khronos.

SPIR and the SPIR logo are trademarks of the Khronos Group Inc.

Apple, Mac, iMac, MacBook, iPhone, Xcode, macOS, Metal and OS X are trademarks of Apple Inc., registered in the U.S. and other countries.
iOS is a trademark or registered trademark of Cisco in the U.S. and other countries and is used under license.

Android™.

DirectX®.

FlowMap Painter (c)2012 Teck Lee Tan www.teckArtist.com
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OpenGL for Embedded System
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OpenGL ES

0574w AAPI DU UICKD CPU TEHEL CTWLWD 77T UL —2 35
GPU ([CXt UTHRITDEITMNMTHONSD. (GPUKRSA)HHIEIT D)

Attt @ GPU & BfE @ GPU TV —FFUF v HEMRDTH. ZDOFHED API (C
KD ZDEWNWZIRIXL TS,

IV —23> DrawCall(Triangles, 0, 6 )
A A A _GPU_drawCall(Triangles, 0, 6) B_GPU_drawCall(Triangles, 0, 6)
IN—=FDT7 A%t GPU (SoC) Bt GPU (SoC)
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OpenGL ES

Khronos (C KB ERDFRTE
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#ikd 3. Metal, Vulkan . OpenGL ES EEIUTS T+ w2 XAPIDO—D,
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OpenGL ES 3.0

2012F8H U U —X, ES2.0 WSIFEICSERNDDT YV IFT— K,
F7IHEHE

LA TINA TS A > Dl

- Occlusion Query

- Transform Feedback

- Instanced Rendering

- Multiple Render Targets
- ETC2 7O RXF v [EfEFA DB /R— K
- and more...
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2014F3H((CVU YU —-X=NTz,
FrafgEE LT, O Ea1— 2o —4 BMBR— hEnic

- Vertex, Fragment A7 <12 ~OHIz
- Indirect draw Commands
- and more...

(F(XEFEB(CERTE =MNJ= Android Extension Pack EUWLVDSGLILE®S.
AEINFEZES]C
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Android Extension Pack (AEP)

AEP & (3 TEEdD GL RO EZIELEXRT
GL_ANDROID_extension_pack_es31a

AEP (ZXZHR EMEN. BREEIEICD GLILENERSN TSRS, BT
220 EDIERAIHR— hENTLWB ERRRT,

CDYLksE%E GPU M /R— g B2 EICEKD,. DirectX1l D45 — A% Android
NDOBKNEEBR(CUT,
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KHR_debug
KHR_texture_compression_astc_Idr
KHR_blend_equation_advanced
OES_sample_shading

OES_sample_variables
OES_shader_image_atomic
OES_shader_multisample_interpolation
OES_texture_stencil8
OES_texture_storage_multisample_2d_array
EXT_copy_image
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EXT_draw_buffers_indexed
EXT_geometry_shader
EXT_gpu_shader5
EXT_primitive_bounding_box
EXT_shader_io_blocks
EXT_tessellation_shader
EXT_texture_border_clamp
EXT_texture_buffer
EXT_texture_cube_map_array
EXT_texture_sRGB_decode
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OpenGL ES &#DERE, 2015F88 (CHHENDU D —Z,

Tessellation, Geometry Shader

- ASTC U RXF v L
Floating point render targets
and more...
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GPUDH]

ERDTS T4 w/IXAPI & GPU DRE%ICDULT,
F£9(%. 7TUT—>3>h5 Draw =0 I i ECdh =R D,

DrawCall &(37?
7= T« w/2XAPI OFBERLIE(CEE T DEFFEHE LD &,
R= )\l Draw = —DDEE L U TUIRT B,

glDrawElements()
D3D11DeviceContext::DrawlIndexed()
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GPUDH]

1: 77U —2 35057+ w I RXAPLI DU ULZITD &
RSA)DRAAAEY LOOAV R\ T 7 ([CABTEEEIT D

2 : DrawCall OO LT OV > RN T 7 —MI(CT2D. HBULE Flush, Present
MFOHEENBDERSA/INUI GPU AND ISV 1 =x#gd D

3: RSA/UMEEIR> R%E GPU HRIRTE 3R, FIICHEBRT— ho
NUF =23 >%T5

4 : GPU [CONX> PHERXSNAEEND
X I\—=RD TV ICKDEERDOINIE (IR DD THER
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GPUDE]

HARNIC RS/ Draw Bz —DDEAE S U TR L,
HECRATBART— hE/\Wwo—2ALTCTOY > RINY J 7 (CHEH. GPU EmxbF
(C)\UF—=2 3> UTCTLV ez, CNEDUIE(Z RS ) UMBERDSB(CITD,

glClearColor(@.65f, 0.65f, 0.65f, 1.0f);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glBindVertexArrayOES(_vertexArray);

glUseProgram(_program);

glDrawArrays(GL_TRIANGLES, @, 36); .
glClearColor(@.65f, 0.65f, 0.65f, 1.0f);
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glBindVertexArrayOES(_vertexArray);

glUseProgram(_program);
glDrawArrays(GL_TRIANGLES, @, 36);
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OpenGL ES TIE—8IR>AS —DILEZRVNT., EEEMEEE LU TE
ST—A—DATSA>a> )\ A)LEHR— U TULVRUY,

> I —OFAER. BT, &b, s 0— FOERDETIE
FSA)DNS AL LLETEITLUTND,

void main()

{
vec3 eyeNormal = normalize(normalMatrix * normal);
vec3 lightPosition = vec3(0.0, 0.0, 1.0); e — _
vec4 diffuseColor = vec4(0.4, 0.4, 1.0, 1.0); %ﬂ'ﬂﬁ(c_
float nDotVP = max(0.0, dot(eyeNormal, normalize(light))); =~ .~ T
colorVarying = diffuseColor * nDotVP; GPU D> 2] I\/\
gl_Position = modelViewProjectionMatrix x position;

¥
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2013 TS5 T4 W RXAPI (CKERZENEZTTULDB,

AMD Mantle, Apple Metal, DirectX12, Khronos Vulkan 72 &,

#UWL API WEIZ U,

A>> 3 —~X T —ALABETIE—RBIToho 7. KL ~NJLAPI O

KDZNEM(C. KDBARMII(C CPU - GPU Z/ERHT D
— CPU O/ ML= w JZHIRY D
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BLANIVDS T+ v IO RXAPI

Metal, Vulkan (E&FDE/NAILL A>T 7 —FFOF v ZEmKR(C
SER I DMEEBEENTULD, FIRIE—HRAIRTEE3 DD GPU (CXHHT B,

Immediate Mode Rendering (IMR)
Tile Based Rendering (TBR) - Mali, Adreno
Tile Based Deffered Rendering (TBDR) — PowerVR

aFHl (k.
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Apple Metal

Apple W'SRTE 2014F9H(CU D —X (i0S8~. OSX El Capitan~)
iI0S OMIEHHEITLU TITHhN., BEE(C mac OSX OYR— hEfTHNz.

20165F6H®M WWDC2016 TH. Metal D77 IT57— MOFEEREINTZ,
ASREFHEUTIE I0S THIHT vzl —2 3> BMB7R— hans,

% mac OSX sierra / i0S10 @ iPhone6s, iPhone6s Plus, iPhone SE LABEMDT )\ A \wiZE
AT OtwH—(PowerVR 7XT) TRWLE, I\— RO T77HSFv L —F%&EBEH L TLRLESH
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Khronos Vulkan

20164F2H(C Vulkan 1.0 iU —X
E/)INAMILW ST RO MY ITETIRILEWTSY b IJA—LAFHR— MU TULD

=), gINext EME(EINTULVE,
LunarG ft& D Windows/Linux @ Vulkan SDK DMt TLD
Google 5% Vulkan EJL RICHEUTZ. NDK AU U —XENTWLET,
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Modern mobile architecture

HERFE T L — /A \w T 77 (Color, Depth, Stenci) N7 IOt X (TEE.
JL—LJ)\y D7 DA XM KEZLESE Depth / Stencil Buffer 12 &,
SATAAXAFBIUTZOCRICHDS. TL—LJ\Y T 7DEREOB8RNAE0N,

CDEEZE FTFBDIEHIC. &=FDE/ 1)L GPU DfFEHE LT
Tile Based Rendering 7—%720F v ZHAL TWL\B,
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Tile Based Rendering

L > DRERIEEIRR D S AT AREIUNDT TR ZEIT D,
=IER/& On-Chip EDOAXAFEYU(CEMIZYAILINY T 7 \DZRAHESZITD.,

i On-Chip On-Chip
On-Chip Memory Depth Buffer Color Buffer
System Memory GeS;rJ[Ztry F\’/r;rrr::;z/ eD ;:t Texture Data Frame Buffer
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Tile Based Rendering

Metal, Vulkan (3Z®D TBR 77—+ U F v ([CmEL =N TLD,
AEF(CFIRE On-Chip LD\ I 7T TL > A dzFTEsEd 2 EHNHE
XD

TDIEHEEFOEWNWS AT LAATETEIAND T IR %% TDZ ENB]EET.
CNICKDBEENNHIRTES,

On-Chip On-Chip

On-Chip Memory Depth Buffer' Color Buffer

System Memory Frame Buffer

35

Copyright Drecom Co., Ltd. All Rights Reserved.



DRECOM

with entertainment

Tile Based Rendering

LU IRCHE TR IL—LI/I\y T7 D7 IR (&

Metal : MTLRenderPassDescriptor
Vulkan : VKAttachmentDescription H&EAKICIEE I D,

ZNZMN loadAction(op), storeAction(op) EWVWD A B ZF > THD.
L > J)\ZAFIEE, BTROIL—AL)\Y I 7OmDINWNZIETE T D,
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Tile Based Rendering

IoadAction(op)

- Clear - JL—ALJ\w IJ 7 ODARABZIEEDETI T

- Load -+ L —AJ\w I 7 DABFZFHHAL (On-chip ADIE—F4)
- DontCare - £ COETTILNEHF NDIRICIETE

storeAction(op)

- Store - JL—LJ\W I ZAESHT

- DontCare --- Depth/Stensil IR ET L — L)\ T ZAESHITHENTRVGS
(TS5Y R IA—=LZ EICHEBIZIN T A - AERETRDB)
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Pipeline State Object &(33HE(CEH T DIFIRDZ &,
OpenGL ES X T(HEL (CTEESNTLWVED ., —FEETDTEEINDLS(TR
D 2. AT — MIEMEF (CIRIESNDITE. EITEDA —/)(—~\w RVRUY,

GPU (ZC D Pipeline State ATz O hEEUBXBEITT. ROL>AFUD
(CDBCENTED,

Metal : MTLRenderPipelineState
Vulkan : VkPipeline ATJZx1 0 MMIREFENS.

Copyright Drecom Co., Ltd. All Rights Reserved.

39



ST—A=—a2)\1)
Metal, Vulkan &BICS2 T —45F—DATSA>3>2)\A)LEHR— b

- T A—-(FATSA>TAINAILT B
- S>494 LAEOERR X M HERR

Copyright Drecom Co., Ltd. All Rights Reserved.

DRECOM

with entertainment

40



«}{ DRECOM

a3 with entertainment
\Y —" ~ ~
NUF—=3>

OpenGL API FUONM UDITS—F TV IIERSA/NTEREESNTHD,
BEICRE LIS —% glGetError()
Debug, Release 109 TS5—FxTwvo

Metal, Vulkan X T(&. BAREY(C Validation Layer ZBMICIT B ET.
API FUOH UDIS—F TV I%ZEMT D,

BEE(SHRERCBAMCUT, Bl CEENCLU CPU DA —/) (- RZHIKS
Do

Copyright Drecom Co., Ltd. All Rights Reserved. 41



«}{ DRECOM

with entertainment

AR > RNy T 7 1558

o ERD IS T4wOXAPI TIZOY R\ I F7EEIRSA)I\DLEED I
« Metal, Vulkan tHXTIEX7T VG- 3> IF—NEEDDIE

« CommandBuffer (CX L TON > RZENN

- CommandBuffer Z# CommandQueue [CHTJ=w 93

Buffer Texture RenderPass Draw

CommandBuffer

CommandQueue
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CommandBuffer (IXILFAL Y RTHETESD
ZZWNEIFEICEICZ <D Draw ZF{79 dh\. FZIECPUZADHND

Oms 5ms 10ms 15ms Oms 5ms 10ms 15ms
ThreadO CommandBuffer ThreadO CB
Thread1l # Thread1l CB
Thread2 Thread2 CB
Thread3 Thread3 CB
Single-Thread Multiple-Thread
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Metal & Vulkan (CHUT Queue & Buffer TIHMEWLWANERRDIOTER

Metal (FEKRP(C—DD Queue _E£I(C Command Buffer ZENL TLYL
Vulkan (& graphics & compute T Queue N TEBIICH T v b3
(VKSemaphore T Queue DEHIZED)
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Adaptive Scalable Texture Compression (ASTC)

JOvOEEI7ILIT U LAD—FE,
iI0S THhNIL PVRTC. Android THNNIL ETC B—RBICEIODN TSI,

Metal, Vulkan X T(& ASTC EWDE—HIREME I A —X v MHIMERATE B,
— SETDOEIIC. TSV b ITA—ALZ EICEHBZDTDRHE(TRN
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Metal DIRIHE

i0S, macOS @ Apple 75w hIJ A4 —LDHFHR— K~
HFIRIEE macOS LD Xcode MZBEERDB,

FIFEIRIE : OSX El Capitan / Xcode7 L&

E1TIRIT : iOS 8 / iPhoen5s (Apple A7) / LABZ
201 2FAFICFFT=NTZ MacBook, iMac 12 &

Copyright Drecom Co., Ltd. All Rights Reserved.

DRECOM

with entertainment

47



Metal DRIFIRIE

=D macOS & Xcode & i0S /A IAHhBNIEEAFELEFED.
Xcode OFART O 10 MERK KL D Game -> Metal #I1EAN (L,

F>JL—bJO2x 0 MhYERREND,

Product Name:
Organization Name:
Organization Identifier:

Identifi y
eeeeeeeeeeeeeeeeeeeeeee

aaaaaaaa SpriteKit 5
OOOOOOOO
eeeeeeeeeeeee Mot ]
Devices: iPhone
Include Unit Tests
Include UI Tests

Previous
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Metal ORFHIRIT

[ Developer Discover Design Develop Distribute Support Account Q

N\

—
Metal for Developers

Metal provides the lowest-overhead access to the GPU, enabling you to maximize the
graphics and compute potential of your apps on iOS, macOS, and tvOS. With a streamlined
AP, precompiled shaders, and support for efficient multi-threading, Metal can take your
game or app to the next level of performance and capability.

Documentation What's New in Metal
Watch WWDC16 videos to learn about the latest Metal capabilities
such as tessellation, fine-grained resource control, and deep learning

Metal Best Practices Guide [ 1

Metal Programming Guid .
Metal Programming Guide acceleration.

| What's New in Metal, Part 1 [n:
MetalKit Framework Reference B What's New in Metal, Part 2 [New |

Metal Framework Reference

Bl
B
[E Metal Shading Language Guide
Bl
B
B

Metal Performance Shaders Framework Reference

Copyright Drecom Co., Ltd. All Rights Reserved.
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Validation Layer

>,

’ -}\ MetalWaterColor ) /* Generic iOS Device

> 7 e
>3
AT
e
L
- e

Info Arguments

Core Location

Application Data
Routing App Coverage File

GPU Frame Capture

Background Fetch
Localization Debugging
Application Language
Application Region
XPC Services

Queue Debugging

Options

Allow Location Simulation

Default Location  None
None
None

Automatically Enabled

Metal API Validation = Enabled

~| Show non-localized strings
System Language

System Region

Debug XPC services used by this application

Enable backtrace recording

Diagnostics

~
v

"] Launch due to a background fetch event

Duplicate Scheme

Manage Schemes... | Shared

Close

Copyright Drecom Co., Ltd. All Rights Reserved.
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Metal Programming

« MTLDevice

« MTLCommandQueue

« MTLLibrary

« MTLFunction(Shader)

« MTLBuffer

« MTLRenderPipelineState

« MTLDepthStencilState

« MTLRenderPassDescriptor
« MTLRenderPassColorAttachmentDescriptor
« MTLRenderPassDepthAttachmentDescriptor

« MTLCommandBuffer

« MTLRenderCommandEncoder

Copyright Drecom Co., Ltd. All Rights Reserved. 5 1
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Metal Programming

UEDASA RTEEED Metal DJ— a5k UTWVWEIT D,
READIEHEET]— ROFEYVIFPYI UTERHUTVWSRICEFEULTTFEW !

FTEETRY — X (& Apple Developer DY > T)L=SEZ(CLTFELY,

Copyright Drecom Co., Ltd. All Rights Reserved.
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Metal Programming

NR—R ERDHIUEEBD
TINARDEG. IN> FFa1— SATSYURTFEROI— R THIS,
>S4V T -DF—117,

id<MTLDevice> device MTLCreateSystemDefaultDevice();

[device newCommandQueue];
[device newDefaultLibraryl];

1d<MTLCommandQueue> commandQueue
id<MTLLibrary> defaultLibrary

Copyright Drecom Co., Ltd. All Rights Reserved. 53
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> 1 —% —1ERk.

[defaultLibrary newFunctionWithName:@"lighting_fragment"];
[defaultLibrary newFunctionWithName:@"lighting_vertex"];

Copyright Drecom Co., Ltd. All Rights Reserved.
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Metal Programming

INATSA AT — NEKTE

MTLRenderPipelineDescriptor xpipelineDescriptor
pipelineDescriptor.vertexDescriptor
pipelineDescriptor.vertexFunction
pipelineDescriptor.fragmentFunction
pipelineDescriptor.colorAttachments[0].pixelFormat
pipelineDescriptor.depthAttachmentPixelFormat

Copyright Drecom Co., Ltd. All Rights Reserved.
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[MTLRenderPipelineDescriptor new];
vertexDescriptor; // ITERLA7 ™k
vertexFunction; // Vertex’z—%—
fragmentFunction; // Fragmentiz—#%—
MTLPixelFormatBGRA8UNnorm;
MTLPixelFormatDepth32Float;
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Metal Programming

INATS5A 2 )\ R&ETE

id<MTLRenderPassDescriptor> _renderPassDescriptor = [MTLRenderPassDescriptor renderPassDescriptor];

MTLRenderPassColorAttachmentDescriptor *colorAttachment = _renderPassDescriptor.colorAttachments[0];
colorAttachment. loadAction = MTLLoadActionClear;
colorAttachment.storeAction = MTLStoreActionStore;

colorAttachment.clearColor MTLClearColorMake(0.65f, 0.65f, 0.65f, 1.0f);

MTLRenderPassDepthAttachmentDescriptor xdepthAttachment = _renderPassDescriptor.depthAttachment;

depthAttachment. loadAction = MTLLoadActionClear;
depthAttachment.storeAction = MTLStoreActionDontCare;
depthAttachment.clearDepth = 1.0;
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Metal Programming

AN > RN J 7 DOFEER
Metal (& CommandEncoder EWDFEACT. AN > KRINw T 7 (SENN

id <MTLCommandBuffer> commandBuffer = [_commandQueue commandBuffer];
id <MTLRenderCommandEncoder> renderEncoder =
[commandBuffer renderCommandEncoderWithDescriptor:desc];

[renderEncoder setDepthStencilState:_depthStatel;
[renderEncoder setRenderPipelineState:_pipelineStatel];
[renderEncoder setVertexBuffer: vertexBuffer offset:0 atIndex:0 ];

DRECOM

with entertainment

[renderEncoder drawPrimitives:MTLPrimitiveTypeTriangle vertexStart:0 vertexCount:36];

[renderEncoder endEncoding];

[commandBuffer presentDrawable:view.currentDrawable];
[commandBuffer commit];
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Vulkan DIRiE

Vulkan (Z20XTS5Y b I A —AITHIRT D,

20168E8HIRTE. Windows, Linux, Android, Tizen &E> 7.

BETSY b IA—LZPYR— LTS,

Windows / Linux @ SDK 7' LunarG ft K DigtEcnCusd,
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Vulkan DE{TIRIE

Android 7.0 (Nougat) LU TcH/R— ~
« 2016FE3B KDEFEEMIT Preview & NDK YU U —2X
« 201648H23HI(CIETNERY U —X

- IBERFsOXIGIHAR(F Nexus 6, Nexus 5X, Nexsus 6P, Nexsus 9.

- Android Studio [C > /R— hTEDT 2 TILAMEHENTNS
Vulkan-basic-samples
https://github.com/googlesamples/vulkan-basic-samples
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SPIR-V
(SPIRW
Vulkan (& SPIR-V &IFE(EINS.

hfEl/) A —F7—FZHR— U TULD,
— Graphics Shader, Compute Kernel 72 & (3 SPIR-V TO— K93

GLSL/HLSL T>x—4 —Z%itih U, EJL REFIC SPIR-V 4Rk D
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Vulkan Programming
Vulkan (& vkInstance Z&K T D ENSIR8DD,

J5vw R IJA—AZ EDOEEY— T T X0, EfTICHEBRLAT7—RRES AT AN
D771t A& vkinstance i@ U TITHOND

Vklnstance inst;
vkCreatelnstance(&inst_info, NULL, &inst);
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Vulkan Programming

vkInstance "5 X T LADOY)IBET )\ XA =BE I B,
MBS )\A AN 77TUTHEDS GPU >~ —TJ1—X VKDevice MERX T,

VkPhysicalDevice physical_devices;

VkDevice device;

vkEnumeratePhysicalDevices(inst, &gpu_count, &physical devices);
vkCreateDevice(physical _devices, &devicelnfo, NULL, &device);
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Vulkan Programming

VKDevice ZiBUCTFEATZT O M UY—-XEERKT D,
E <2 BMT Draw DRSO (CEIE:,

vkCreateRenderPass vkCreateBuffer
vkCreateShaderModule vkBindBufferMemory
vkCreateGraphicsPipelines vkCreateDescriptorSetLayout
vkAllocateDescriptorSets vkCreatePipelineLayout
vkUpdateDescriptorSets vkCreateDescriptorPool
vkCreateCommandPool vkCreateFramebuffer
vkAllocateCommandBuffers vkAllocateMemory
vkCreatelmage vkBindImageMemory

vkCreatelmageView

Copyright Drecom Co., Ltd. All Rights Reserved.

~

DRECOM

with entertainment

64



«}{ DRECOM

A Sl with entertainment

Vulkan Programming

Vulkan <Y > K)\w J 77 (3 VkCommandBuffer
ZNIZ vkAllocateCommandBuffers iU COY > R —)LEDIEREIND.

vkBeginCommandBuffer, vkEndCommandBuffer TN > RZHEEL.
BELZOY> R%ZE vkQueueSubmit TF 1 — (3BT B,

<> R&F 1 —(F Graphics, Compute, Transfer FIi&C EI(CDITDIRENH D
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Vulkan Programming

vkBeginCommandBuffer
vkCmdPipelineBarrier
vkCmdBeginRenderPass
vkCmdBindPipeline
vkCmdBindDescriptorSets
vkCmdSetViewport
vkCmdBindVertexBuffers
vkCmdDraw
vkCmdEndRenderPass

vkEndCommandBuffer
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—E{ER UT=Vulkan OO~ > R)\w J7 (&
RIL—ALATHEBFIANTEE

DRECOM

with entertainment

66



Metal, Vulkan £&&®

Metal, Vulkna (3777 0O0—FHMUTH D, H@BEIEBHZL)
« FAZIBEEINIL., EORAZREADDEECETRETIIRL
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« EBETEREADEVNDEIDE. EKLAN)LAPIDRBEZRD I EEENE L
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Non-Photorealistic Rendering ([CHJDKEEIRIR
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Non-Photorealistic Rendering

Non-Photorealistic Rendering (NPR) (&, O>>1—<X 5T —ACAREKETND
JA RUIVIRGIED (3= I L > Y > TR05E,

by =22 T —HREDTZARDEKRIRE NPR DFEGECEXDEND
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A BUTPIVISHAED (CWHEBRERZEZE R CHD
- HDRL>&FU>D

c BRBRETOAFv/I\ ALY XAV

« Physically Based Rendering

« Global Illumination

s BmERV>FIAUIZX

- WS—DJL—F4>70

« Depth of Fields

- OIS b
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E/)\MILDSL X

B/ AL R DRREICIE/ Ny > U —HE/FREADREN D D.
HE—E, AE'VU7Z7IOXA—BIICHEMNINS/I\YFU—-ZHELTED., KRs
c‘:E(c_EjtTcL/ \WFU—HEBENERET D,

CPU/GPUICHRIBN D> TH. BINDT ST+« v XRARZEHFHAD,
EVNVD T EMDEWNRIRICH D,

RN\ T —HEEBEDDREICDWNWT, ZEDORL—RATZERD
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NPRADEFA—>3 >

IREHRH XD E TRIRAIRERMED & (3o

223 —N(F)\—= DT 7 EFAMOES (C K DIRENRHF A TETD
JANIUTZILL AU D =ERTDIFERERFIT,

/NI ETA NIUTIVIRISEDDIZH(C. I\— RO T 7 DOELZEFON?
— GPU DEgEm L. EHEOEAHREL(CHEISNDRREESHD

ENKDTSY b ITA—LNRERD, BHTEDT —LDOEHNRRDDIENS
A EDORMEEEERE. 0221 —NYDOUPILESRIISHRICIRDY)> THD
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NPRODF =

« BRRTIO—F
— PBR DKL SR, MIERRADIKFHN D RNTZHRENES
— REHNNRNIEV\EEDBRNE]EE

o AT T U MEEE(C, ’:‘—E’J@?j_- UPIVCIRDZENEAFTED
— }K“J F-HE T E D AlEEEDMER
BRI I\jEItX_ChHa“éo BEARNFINTUTPILCTHBETESD
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NPRODF =

« BRZENRA MROTZAN
— HEE~YTY7)LOERL
— WEATZIT0 MMUCAKERET(C. NPR (CHAITIEEZEE CREELED

- HFHRRIR TR RWEREDF =7z 3 LR
— HIX(E BRVZAEOHRMEDS /R E

“ARBIIZFEF R CITHONTLD Iz,
o](FE UM i E 8K D ([F-RZ T ZE X COKEE(CHET D.

NN
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o JKFE(CEDNDIKFARDIRIR
ARANLOOFE B (C K DMk,

« BDOEDICUH. (FHUL. NI NEKIR
BEPER D FMEDBEELIRESDEV. 57— 3 >mMWhwhd

o FTZHIFEDIRA MITAEDEN]
IKERIRENR—RAEUZ LT, BT —LADHEFREDME LA
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IKFR & (F BB AREIRKE IR EDKF IR

7 FAUNTZHEE (C3E U 72 B R ODFEHR,

MREBICKODTFEVWRKEZRIFLUTED., Ko=
HHREIDICET, ([CUHFDREFENUIRICKETRE
BHES5IDCENTES,

http://zokeifile.musabi.ac.jp/%E6%B0%B4%E5%BD%A9%E7%B4 %99/
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KIS DRICEFNDKD & IKEBRFE DKUY
HCEKD. [COUHFPENUNIRMNMECSD,

{,
A

ZEDAHBICKIDITYZER IMEOBEEBIESDED
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IKERIROP I O—F

Final result
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Final result

Copyright Drecom Co., Ltd. All Rights Reserved. 80



~l|DRECOM

l \ with entertainment

IKERIROP I O—F

Texture only
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KEERRO7Z DI O—F

Texture only Final result
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KEERBED7ZI O—F

. Multiple Render Target T G-Buffer (C> 1T —F « > IBIROESH U

«  G-Buffer (Z2M{EH
 DiffuseMap & J\WF>2ITZEDT7ITRSA 4R
- #2DEDICUHBMmZEEZTIAAI VectorMap

« Compute Kernel TK¥XRIRZUIE
« O2IRDw
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G-Buffer ANDSSHU
G-Bufferl

DiffuseMap Hatching + Outline
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G-Buffer AOESHU
G-Buffer2

VectorMap

Copyright Drecom Co., Ltd. All Rights Reserved. 85



% DRECOM

LSl with entertainment

G-Buffer AOSEH U

5 )LISEAY % VectorMap (& FlowMapPainter Z{EH U TYER%

B FlowMapPainter

Custom Texture Path:

UV Tiling:
4

Overlay Texture Path

inter v0.9.2.
i

Feedback/Bug Report

http://teckartist.com/?page _id=107
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G-Buffer AOSEH U

FlowMap @ XY (C(EHRNDAEMERENTLND,
CD HN &, KEOX SO—TOEULUTEA
DD NLDBEEEZ (CUHDEMEIC
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G-Buffer ANDEZHUL

float3 diffuseColor
float3 normal
float3 eyeDirection
// NdotE

half NdotE

// hatching

half hatching
hatching

// Outline

half4  edgeColor
half edgePower
half4 outline

// Flowmap

float4 flowmap
flowmap.xy

MX::FragOutput output;

output.albedo
output.normal
return output;

Copyright Drecom Co., Ltd. All Rights Reserved.

normalize(vert.normal);
normalize(vert.eyePosition);

dot( normal, eyeDirection );

hatchingTexture.sample(samplr, vert.texCoord).

mix(hatching, half(1.0f), half(@.15f ));

half4( half3( 0.6f ), 1.0f );
5.0f;
saturate( half4( NdotE * edgePower *x hatching

flowmapTexture.sample(samplr, vert.texCoord);
(flowmap.xy *x float2(@0.5f) ) + float2(0.5f);

float4( diffuseColor, outline.x );
float4( flowmap.xyz, 1.0f );

Fragment shader

diffuseTexture.sample(samplr, vert.texCoord).rgb;

Xy

) + edgeColor );
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with entertainment
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Compute Kernel

G-Buffer TESH UTZ22MDFT T A F+%Z Compute Kernel NATIT D,
EZFH UJz VectorMap DIg#k%ZE & (C DiffuseMap OF O XAFviIEZT 5L T
B>TJU> 0935,

half4 inColor
half4 inColor2

inTexture. read(gid);
inTexture2.read(gid);

half flowPower = 80.0f;
uint2  coord = uint2( gid.x + (int)( inColor2.x * flowPower ),
gid.y + (int)( inColor2.y x flowPower ));

half4 flow = inTexture.read( coord );
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Compute Kernel

B CIEERICIRSTRY -
EHES(ICTro>EMASTIELLY,

FREDETILD VectorMap H>TU D IO/IEHT—(CIRDTULND
— VectorMap OABINT MLEETILD UV iEH RRE

=12, BEFILS EICERIIC VectorMap ZFE T 206,
UV Z{EIE T BDERD <R,
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Compute Kernel

)36 5R
« VectorMap (C/ A X TEMHMITZEITD
« B> TS U VectorMap (CIESE%EDIT3
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Compute Kernel

5>454 In @D Compute Kernel T Perlin Noise Z4R9 5
— EEFICAR U T G-Buffer &—#&(C Kernel AT D

half rand( half2 n ) {
return fract( sin( dot( n, half2(12.9898f, 4.1414f ) ) ) x 43758.5453f );

}
half perlinNoise( half2 p ){
half2 ip = floor(p);
half2 u = fract(p);
U=us*usx (3.0f - 2.0f x u );
half res = mix( mix( rand( ip ),
rand( ip + half2( 1.0f, ©.0f ) ), u.x ),
mix( rand( ip + half2( @.ef, 1.0f ) ),
rand( ip + half2( 1.0f, 1.0f ) ), u.x ), u.y);
return res x res,;
}

https://gist.github.com/patriciogonzalezvivo/670c22f3966e662d2f83
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VectorMap only
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Compute Kernel

7t DiffuseColor &. 9 5 Uz DiffuseColor &K 9 D
S RkBEF(S Perlin Noise DEHTITZHEEIC. BZ mix 9B

/] RX=U ) A XDEELE T L ROEEIZT 5
half flowBlend noise;
half4 originMix mix( inColor, flow, flowBlend );
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Compute Kernel

Diffuse only JL > RiER
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Compute Kernel

half4 inColor = inTexture.read(gid);
half4 inColor2 = inTexture2.read(gid);

half flowPower = 80.0f;
uint2 coord = uint2( gid.x + (int)( inColor2.x x flowPower x noise ),
gid.y + (int)( inColor2.y * flowPower * noise ));

half4  flow = inTexture.read( coord );

/] BENEGTEXL0T, MELZ% LT
flow = mix( flow, half4( 1.0f ), (half)@.3f );
inColor = mix( inColor, half4( 1.0f ), (half)@.1f );

/] =V ARXORELE T L ROREEIZT S
half flowBlend = noise;
half4  originMix = mix( inColor, flow, flowBlend );

[] Ny FTETTNTA e EIHT

originMix.w = inColor.w;
outTexture.write( half4( originMix ), gid );
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Compute Kernel
Hatching + Outline M#R(E. RDIFNMUI AN HBDTz8D.

ComputeKernel S(FFTIORXF D w BZRICANTCETHUTH L,
DAY NI TEKRT D
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Compute Kernel

5B %Z = 5(C Compute Kernel TINLZ 93
e 12 (CHDYHTUT
. BOXREMNUL

CDENUTRERZRRIIRI A2y M TERT D
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« [CUHTIRFv
« (FHNUTORAFY
o IKEMTORATF v
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half blendRate = 0.51°;
return mix( color@®, colorl, blendRate );
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CDOFTL > RIS BlendRate "E I =D E(FWFTHARICIRDDOTER
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JL > Ral JL> R
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(inFrag.position.xy / uniforms.screenSize);
paperTex2D.sample(quadSampler, screenUV);

float2 screenUV
half4 paperTex

half4 coloro
Half4 colorl

tex2D.sample(quadSampler, inFrag.texCoord);
blurTex2D.sample(quadSampler, inFrag.texCoord);

half blendRate 0.51f;
return mix( color®, colorl, blendRate ) x paperTex;
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(inFrag.position.xy / uniforms.screenSize);
paperTex2D.sample(quadSampler, screenUV);

float2 screenUV
half4 paperTex

half4 coloro
Half4 colorl

tex2D.sample(quadSampler, inFrag.texCoord);
blurTex2D.sample(quadSampler, inFrag.texCoord);

half blendRate 0.51f;
return mix( color@, colorl, blendRate ) * colorO.w x paperTex;
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Final result
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Final result
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« E)\AJ)LTE NPR (FIRENLEG CUIRETES
e VAT AVRETELFUWIST I WwORRIBNEIR T OJEEY

« N—XE710D GPU O¥kgesR{b & 1%gem
« Metal, Vulkan (CXHi59 D GPU ZDOEDDNR—AMEEEN @ LE LTS
« 2% GPU BEgEDI—(bhEFH. HLER (AT UIRU VT —HIRERIRIE

e Shader EET>I ()

« GLSLTI(Z #include, #define hMEXIRU\zsD, MRS T —4F —HEZFFEL)
« MSL, SPIR-V(ZHRID> 1T —4 —) TEO/)\1ILEFCTUTOtvSHME<
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« E)NAILTIE. YIEEFDImseczHlHT D EICRHERNHDD
« BKLAN)ILITS T4 wOIXAPLIZE/INAILICCEMiER DD
o J\wF—SHEBIFKROBBEEEZE XD LT, EMNMIA—/N\—\vY ROEIRIE. 7T
PHROMGR(CEBEERS XD

« SEDELNIVIST 1w XAPI
o EIGIFHAODREIMNS. S(d Metal IMEITUTER LTS
« Vulkan BMIET SV b I A —LBDZETHh5, LVI N Metal (HBELYDL
« 2018FtAE(C(E B/INAILTDIELNILIZ T« w2 XAPI iA—i#b LTS
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