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1.1 ROgMEE
ARICJRIC: HEFE

X


https://vkguide.dev/docs/gpudriven
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2 GPU Driven Rendering #HiA

i ZEAEER 125, 000 DXFR, 4000 A=, VHRIAE]T 290FPS

osd ‘.R

r
¥

FPS: 290 i - ’fﬂ @fangcun
. 24 ' =

HEJLE, NATBORBMAT A TR T R s R ECE 2 1 TAR. 2k
Ll MultiDrawIndivect <54F{%E P H L, AT REW R B 2 (1 vE Je itk % TAF
AR A kAT o KR I b A IR 2

o N R DA T HIE AT B, GPU HHZEL CPU HHEREZL.
TME G TAE R ZH0E DL T o] DA T304 9147

o AFHEAE CPU M GPU [RIEEAT Hodla et b 1A Z A Hdla 4
IR

o GPU i 7 B2 M ITAE, MMMEK T CPU iSRS, K& CPU
AT RE T DU TR AR

GPU Driven Rendering 7] DAFFRATVE 44 B B 22 37 5. i IR
T SE B4 HS 7E Nintendo Switch AT PLIAF] 60FPS T, &M 250.000
W drawcall”s 7€ PC _ERIFEREU  drawcall” 7] LLIE E] 500FPS. FA1A
PLTE G B 3 55 N AN N s 1 = A TR
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{fiFl 7 GPU Driven J5, CPU i+EHNEENT 0.5 ZF

FIE@fangcun '

RIE 5 4, RS BT E R AR ORI AT . TE 2T,
WA CAD S HE 2RI HE GRS MIE CHEMGEZREw) ff
X —HARILER G SR RE LT =60 2 MR —H AL
WXk R B THEZHIUAEET . CRIL 6 5) X —H AR IR
137 SRR BN B s, RN =M E E RS, X — R N
FEUEIS AR ERVEAE PS4 F1 XBox One FHL EARH AT, BARHAT UE4 A
Unity %A X —HAR, HAKRN UES B {EHE.

2.1 [8)iELH]

GPU Driven Rendering HIA% 0 @& X ETE APT $2 4L 1 8] 42 2% il 5 1 10
. BAARZHETY API #SCRFEES IR %, (H Vulkan A1 DX12 [
AT DU NSO AT N A, DL RELE S, I R R I R
AN

[z — N SHokH GPU WA (A7) 1 drawcall. i H A 4E2:
Hil, FATH— GPU WAEHIE 45 k4L, 85 GPU % GPU
WAEH B S BT 21 o

A Y I

vkCmdDrawlIndexed (cmd, object.indexCount, 1
,object . firstIndex , object.vertexOffset, object.ID

)3

Buffer* drawBuffer = create_buffer (sizeof (
VkDrawlIndexedIndirectCommand) ) ;
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2 GPU DRIVEN RENDERING HEi& 7

vkCmdDrawlIndexedIndirect (cmd, drawBuffer.buffer, 0
, 1 , sizeof (VkDrawIndexedIndirectCommand)) ;

VkDrawlIndexedIndirectCommand* command = map_ buffer (drawBuffer);

5 |command—>indexCount = object.indexCount;

command—>instanceCount = 1;
command—>firstIndex = object.firstIndex ;
command—>vertexOffset = object.vertexOffset;

command—>firstInstance = object.ID;

HFAZHIRIZECRE GPU WAFE (A7), TihHE & (28 n] Ly ) 21X
o GPU WAF (BAF), FETIXA, TAVRAT U A G f ki E s
HlFE M5, AT AFETT G s AT BIBR T 5, 3H4T LOD EHM
RS A DU GO0 T A s K JFAT IR RE U ) GPU ki, 1E 0.5 28
WAIER B I ST LRI, 48R, — KGN TEASHEXAE RN
Yist. WAL, UL 6 S i@ 5 NR I, SCIl A
A5 BRIk AR RS 7 = f TR BE

Xt + GPU Driven K, KB ATEZE Al G AE T 584 GPU
by RO R IRATE 2 AR E GPU WAE (BAF) b, SkRRirit
ARV e, AT %R & H Push Constant 1K T-%F G (1)
DescriptorSet, JSEZ % CPU M GPU [A] & #5 58 # o

9 7 ATCAT IR B 2 A s, RATTAT A Bindless $ER . X —HARAE1F
BMIA T EIELG € /MR8 € 53R Doom Eternal FV X% 51 2w K H
7 564 Bindless B %, FHlER M drawcall [£2] 7 IEHRAIKT-. 1E
AHRE, BATH2{EH Bindless £AK, HE TSGR Bindless SCRFA
KU, FEOS TBNAFE KM FERA T2 AT — RIS 5T HE
oy, e mkgEdE, AT E A A A RBT A, DT
BB E /R FR G0 E A R T s g2t
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2.2 Bindless %1t

#IF @fangcun

RS 10 4 drawcall P 100+FPS [ B2 S 1 R SE .

XIF GPU Driven Rendering K ij, 7% Z485 MR RERD, RGRLT .
Wt B, AN ZR ] FE/0 15117 BindVertexBuffer. BindIndexBuffers
BindPipeline 1 BindDescriptorSet iXJ5ii . Bindless fi AL ik
45 WA AR k> CPU I fr #5158 TAE, MMk CPU i nl LIS B R,
GPU i th KA AN "drawcall” (EHR R R, HWAEH THEZRE ). B
SRRINAE 2% drawcall 227>, {H GPU B ZSLhr FARRH E .

— ki, AT — DR R A A TR R 5 A
F R — AN K B R Bk S Tl s 22 v A1 2R 51 22 1) Bindlesso AH G T2 71
5 RS AR KT G AR — X T 22 v IR 51 22 v, T8 AN [R] A% X6 42
AN HEYIHIRZ PR T G, AR EB S drawcall H 1) EHE i # 18
RET,

Hitoaf — o 2w et H G B, EEEsEaRTY
i GPU WAF (A7) RIRIT S B . @i X Moy ib BT drawcall #
S — AR T A AR 1S SN Sy, RIS I 8 T s 40 1) 4 06 T A8 [
drawcall [ BRI X — 7 EWAEAF TAT AT DU F — 28 5 0 v 2 1R 4
P fife 40 75 %

N T SIS NG B Bindless, AT ZAE SO HA (texture ar-
rays). L fEH Descriptor Index # JEKH%, FRATAT LU R 1 T R il b
EEBESETU NS, X—¥ REEARTRIAMEH GPU WAFE (A7) 1
AEITP G R L EE L
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N7 SEIUA B Bindless, AT EME A BT S HUR B NE L0 R
2] SSBO I, FFH:KH ubershader £ AR KX 0] e 2 15 )ik /D> 5 26 0T R 1)
. Doom eternal J#ITIXFEM, BEANFR REH T ARIT 500 M 4T
%o AENXTLI UE 518 MR E W 2 100000+ MELXT%. KN
VkCmdBindPipeline i ] KA IR K, @I ubershader A K& /> E 2k
TG TPERER T LA . .

Push Constants F12)& Descriptor BRI AT PIEH, (HE AR E L
PERIZAE” 2R . tnFRATT LAA Push Constants Sk i% B ALK E
EXTTREXN R ID XA R R R — RSO, A KIEH, X
BRA VI BIELE —A drawcall 1l 2 N ASF X G

KR UL, Bindless [958 AS AR g2 R mT BeFE BT A7 £iHis 0 sod — AN K
1) GPU WAF (A7), M2 AT E /b e 8 E . bk, oL
PEHTIAE T GPU WAEH, FRATH AT DR €6 28 TR J7 (i Hooh A 1T 18
0o 0t 2 Ui Rl A 8 I A A A A B R i X ) 2R T O S = A
TE R0 ) 50 B A o

2.3 HAXZREE
o RIBEHRREAm. ik
o TeIBHELCHIMAR SR BERE
o BT 6 5. B
o« Doom:
o WAEMRE:

2.4 FAHEFETOISIERIRATHTIE

TATH R 5| s G BB HAE T GPU NAF (BAF) 1, AfEXRT
A MHEXT G PushConstants WA, BEANPIET RHI3)Z Uniform 220
X HIBEH, BT A X AR E R i T X T H—3 GPU WAE (BAF) B
s R 505 .

TEFNI =, BATOIE — SRS 2 X, A IR 2 s #R i
AN TIX— KT sz X .

SERREHRE A RS, FRATEE AT DU 4G S Al 42 1)


https://www.advances.realtimerendering.com/s2015/aaltonenhaar_siggraph2015_combined_final_footer_220dpi.pdf
https://www.gdcvault.com/play/1023109/Optimizing-the-Graphics-Pipeline-With
https://www.gdcvault.com/play/1022990/Rendering-Rainbow-Six-Siege
https://advances.realtimerendering.com/s2020/RenderingDoomEternal.pdf
https://on-demand.gputechconf.com/gtc/2013/presentations/S3032-Advanced-Scenegraph-Rendering-Pipeline.pdf
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Object Index
Objects Mesh
in Pass Material
Batch ID

Batch 1 Batch 2 Batch 3 Batch 4

Mesh =1 Mesh =2 Mesh =2 Mesh =2

Material = 1 Material = 1 Material = 2 Material = 3
Count = 2 Count=0 Count =1

DRAW |:| FIF @fangcun

AT ATVE Y X R 9% I mesh pass #H4T7 K43 B mesh pass X N iE
P —MNMERP R, W TERATFREI51 %, HF 2 4 mesh pass, —4
TR RNE R RAR L, — AN TIERIR . AIE G0 AT DLE N H
BAEP AN mesh pass H, A PLRHBE L R —A (FLanE N gA L= 4
B2 A 75 22 R IAE 2 I B B2 1 mesh pass). J8ITIXF mesh pass [F%I455,
A DA ACTE G B AR 1 S, A nT Re AT SR TR AP AT RE R I

AT LA 2 ] AR RS 7] LLZE RenderScene ZEHHRE], FRATE 3K
HU[A —/> mesh pass FHIX RAIER, SREREATRI G A F PRLIR (batch).
— MR (batch) H X G B AT AR E] R BT R0 A% £ s, BT DB — k]
B HIAREATEY . M4 mesh pass B T — /N TELEAIHLIK (batch)
e

FRATTHG AN X GASE FH P R 0 B3040 A i 7E 51 S BN A% X SR 28 il 114
T 5B XA X S R 55

BIFUE— Wi, AT A mesh pass FHIXT G ID K HATE LXK
(batch) ) ID JAN—MEd .

58 U BB R B, B T B A Al A 2 B AT
SFREIB R KT E LR 4 —4 ObjectID+BatchID jo &, A1 HE
(1) ObjectID 28 51 15 8] %F G T 50 B i G S s, A IR R 15 7T A,
WX G AL, BATIEH BatchID 25107 ML A, XL (batch)
(sl 1.
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Lt EE RN HER U E TR, AT AT LE CPU il ;. mesh
pass X N HIHEIK (batch) dH, 25 5E XF N 1) & ot RS 4 5UE B 1)
descriptor set. SRk n] LAS )42 2 ) vE e 5 Bk 35 Fa m] LRI 52 .
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3 S|EEZRHLIAR
3.1 {XHZizEAH

B A LA AT B 1K engine 73 ST B[R] 224 (draw indi-
rect) MIFTA RS SEIN: ARG FE A4
X HREA 2 o (R AR SCA AT ] 1 5 B «

o imgui >(#F: FAVEH imgui K& 6] UL, X &AL SE I 3 E A7 T
VulkanEngine 281,

o CVars.h/cpp: FATSEILMH T E 51 250128

o player_camera.h: FATIIH TES S B UL RS
o logger.h: FRATSZHLMH T4t 51 % H E 1%,

« vk_pushbuffer: FFA5hZ& descriptor f# F {22 X 5 H 404E -

e vk_profiler: HFMERESHT, FHiTFA pass MIIFEFER, PLESRIT
GPU AbFEf =ML

o vk engine scenerender.cpp: #FEFIZ #1542 SLI .

o vk scene: SZIL [ XFEARLEHI T GPU WAF (BA7) BIEEE, DL
X mesh pass B HE. material system: MRS, CHEXT
LT R A descriptor IS

e vk descriptors: X descriptor set HHi% .

e vk shaders: %% )5 1 shader fCHD I ALTR ., 156 FH 5 8 1 20 M % 7%
110 shader FUTIREUE S AT {2 K262

o BURARSE: HIT AT 3Rl EON B RS s, 2R T A4 AR it
. 3C¥F GLTF Al FBX 3. Fifilidod — M St d i s,
I BELE RN T PRI AT LR A oy 2 N ATE R R

o IMHEME: HHAEABNMEKEHEAT VulkanEngine 28, F %
SRS 2RI DA S T [R5 AR


https://github.com/vblanco20-1/vulkan-guide/tree/engine
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N=1 I =]
3.2 BRRIE

I, 2% — R THATE A Mesh X RBAYG 5.
7 RenderScene 23 #iX L8 Mesh % R 4% B EATT A4 5145 B ANEC B4 E A1
2k Z AN KR ) mesh pass.

X F AT =B 512, EAF4E 3 > mesh passe — AT A pass, HT
ERANFERAXN G, —NEY pass, HRERPLERANR, wEEH D
5 pass, HRIEIMATZNIEE. Mesh X RIEW BN =H, FIE B E
R o A5 2 AN B e A TV 206 B2 mesh pass. — ki, ANz Y
Mesh X%, 2#0FM2IET A pass FIPHG pass, M3 FBHE T %, —K&K
AR E R, ReparihdtiEN pass.

— B ISP Mesh X ## AN 5E A, RenderScene::build batches F
RenderScene::mergemeshes 2 #18H . HH build_batches 1 &%) it
A mesh pass FEATALIR, AR B A1 3243 48 4 . merge_meshes i 2
XT3 5 I A RS T G A B AT A 9, AR B — A KB T S 2z i
o

B, BUENE T WEI.

FE WG FF 4G, FRATT 278 25 T 3 miUOE 28 1 2 7. AR 5 A
ready mesh draw BRECN I mesh % G EHE 34T 58T

& BSR4 mesh pass, FATHE A LA ready cull data
PR K B A R AN A N R AT RES, SR R EE AT EA
B A LRSS B

N TEARMIERED, ATREH—NEZ barrier Ktk E—H 1%
A ready cull data S ANBA RS BAETHEE OHPATHIRITE
i 52 B o

FEVHE A A A BR T EANE S 38 A, RATWIN T —ME L
barrier JRORUETE Q2] R 2 AERIBR T E 5 317 .

X FBRATI =] 5] 25, 18 G226l B S AT shadow pass % il BH 52
B, RJEHATHTIA) pass ZHIAERXN G, SGHATEH pass, LiilFiEH
AR

BRI R G, FRATE PR BE G2 o b i B A il — > 2 R FE S,
F T mig s — i 1 50 Bt 5

B, A TKE I SiE G ) BURRONAS e F TE et S 230
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4 |83ELF API

ATV EMN EEAHAIE LS (draw indirect) /& TAERT,
Vulkan $2#t 7 FHEIXF A T A2 ] (draw indirect) H) API:

VKAPL ATTR void VKAPIL CALL vkCmdDrawlIndexedIndirect (

VkCommandBuffer

commandBuffer ,
VkBuffer buffer ,
VkDeviceSize offset ,
uint32_t drawCount ,
uint32_t stride);

VKAPL_ATTR void VKAPI CALL vkCmdDrawlIndirect (

VkCommandBuffer

commandBuffer ,
VkBuffer buffer ,
VkDeviceSize offset ,
uint32_t drawCount ,
uint32 t stride);

A2z APT A RIS — S ERAHE T B IR H 2801 VkBuffer
YR AT E LS, GPU 22 MHEE B VkBuffer Xf 5] offset+(stride
* index) AL HIERI 0 S48, REHITEE, BANTHEEL draw-
Count . NHPAIDEE H 1 FL L1 22 2 8L W AF 1A =) -

struct VkDrawlIndexedIndirectCommand {

uint32_t indexCount ;
uint32_t instanceCount ;
uint32_t firstIndex ;
int32_t vertexOffset ;
uint32_t firstInstance;

typedef struct VkDrawlndirectCommand {

uint32_t vertexCount ;
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uint32_t instanceCount ;
uint32_t firstVertex
uint32_t firstInstance;

} VkDrawlIndirectCommand;

KoMz ) APT i FH SCHF offset 1 stride 2%, B AFRAT AR 40
B HIEM S B R B A E R, B0 L —585 2 G IME
BAEBER P X, i offset M stride Z:%k, 761 A13EL 4] AP I Bk
e,

W2 APT I BT Ad 89 VkBuffer Xf % 5A K KRR, AT LAE
CPU N 17, WALl GPU uii A7, HEWAT L2 Rk, (HEXE,
RN FRATTAR A o 5 (a2 h Uy M X BRidls,  FRAT1M8 A VkBuffer XI5 A
£ H GPU.

Bl —4 CPU Uiy n] LN NI T 4242 %1 VkBuffer X &I R
BT

create__buffer (MAX COMMANDS * sizeof (
VkDrawIndexedIndirectCommand) ,
VK_BUFFER_USAGE TRANSFER DST BIT |
VK _BUFFER USAGE STORAGE BUFFER BIT |
VK _BUFFER USAGE INDIRECT BUFFER, BIT,
VMA MEMORY USAGE CPU TO GPU) ;

RATEERANEE VK BUFFER_USAGE INDIRECT BUFFER, BIT

FHIXA VkBuffer X R8T 26 . A T EH A8 R U S5 A%
PE2)iX— VkBuffer X%, ®ATEZEKE TRANSFER 1 STORAGE #xic.
PATIAIREZ ] (draw indirect) Y280 F AT F 1 AIACRY :

void FakeDrawlIndirect (VkCommandBuffer commandBuffer, void*
buffer , VkDeviceSize offset , uint32_t drawCount,uint32_t
stride);

char* memory = (char*)buffer + offset;

for(int i = 0; i < drawCount; i++)
{
VkDrawIndexedIndirectCommand* command =

VkDrawIndexedIndirectCommand * (memory + (i * stride)

)
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VkCmdDrawlndexed (commandBuffer ,
command—>indexCount ,
command—>instanceCount ,
command—>firstIndex ,
command—>vertexOffset ,

command—>firstInstance);

}

Vulkan $#&4it 7 — N EW A MY E: DrawlndirectCount(7£ Vulkan1.2

E =¥ AR —# ). X—3F B RVFHATN VkBuffer 1 3E H
DrawlndirectCount 24, kAT LLE#AE GPU i £ 5 8] 422 22 1] 1 44
AT, RS TR AP A Br T R T2 A . HA SR nintendo
switch ASCRFIX—Fpt, X TR EFE, FHEBX—T RIMNE K LRFH
R, A EHX 3 E.

4.1 [EREHELEH]

AT E Sl B R R I 2 SEIL AR, AR5 AT A

GPUObjectData* objectSSBO = map_ buffer (

get__current_ frame () . objectBuffer);

for (int i = 0; i < count; i++)

{
RenderObject& object = objects[i];
objectSSBO[i]. modelMatrix = object .
transformMatrix;
}

Mesh* lastMesh = nullptr;
Material* lastMaterial = nullptr;

for (int i = 0; i < count; i++)
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RenderObject& object = objects[i];

if (object.material != lastMaterial) {

bind__descriptors(object.material);

lastMaterial = object.material;

if (object.mesh != lastMesh) {
bind__mesh (object . mesh)
lastMesh = object .mesh;

vkCmdDraw (cmd, object.mesh—>_vertices.size (),
1,0 , i
);

fE B AR, X T EEAXTR, BATEHHAT — R e HlR <, mRE
BN G T B RS R AN R, 2 ST B (A o s A e

FATAT L IX — @R EAT R, & RS A0 T4 AT R s a0
MR ZHIR, g b 1 &IFE G AR LB

struct IndirectBatch{
Mesh* mesh;
Material* material;
uint32_t first;

uint32_t count;

std :: vector<IndirectBatch> compact__draws(RenderObject* objects ,

int count)

std :: vector<IndirectBatch> draws;
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IndirectBatch firstDraw;

firstDraw . mesh = objects[0]—>mesh;
firstDraw . material = objects[0]—>material;
firstDraw . first = 0;

firstDraw.count = 1;
draws.push_back (firstDraw ) ;

for (int i = i; i < count; i++)

{

bool sameMesh = objects [i]->mesh = draws.back
() .mesh;
bool sameMaterial = objects[i]->material =

draws.back().material;

if (sameMesh && sameMaterial)
{

draws.back () . count++;

IndirectBatch newDraw;

newDraw.mesh = objects [i]—>mesh;

newDraw. material = objects[i]—>material
)

newDraw. first = i;

newDraw.count = 1;

draws . push_ back (newDraw) ;

}

return draws;
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RIG, BAMEH G IR RSy RS, R AR pR:

{
std :: vector<IndirectBatch> draws = compact_draws(
objects, count);
for (IndirectBatch& draw : draws)
{
bind__descriptors (draw. material);
bind__mesh (draw . mesh)
for(int i = draw.first ;i < draw.count;i++)
{
vkCmdDraw (cmd, draw.mesh—>_ vertices.
size(), 1,0 , i
)i
}
}
}

RS H ) vkCmdDraw Ron2z il « A7 PAE A VkDrawlndi-
rectCommand & el e kA H ]2, ARG W1 R FoR:

std :: vector<IndirectBatch> draws = compact_draws(objects, count

)5

VkDrawIndirectCommand* drawCommands = map_ buffer (

get__current_ frame () .indirectBuffer);

for (int i = 0; i < count; i++)

{

RenderObject& object = objects[i];
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VkDrawlIndirectCommand [i]. vertexCount = object . mesh—>
_vertices.size ();

VkDrawIndirectCommand [i]. instanceCount = 1;

VkDrawlIndirectCommand [i]. firstVertex = 0;

VkDrawlIndirectCommand [i]. firstInstance = i;

for (IndirectBatch& draw : draws)

{
bind__descriptors (draw. material);
bind__mesh (draw . mesh)
VkDeviceSize indirect_ offset = draw.first * sizeof(
VkDrawlIndirectCommand) ;
uint32_ t draw_stride = sizeof (VkDrawIndirectCommand) ;
vkCmdDrawlndirect (cmd, get_current_ frame () .
indirectBuffer ,indirect__offset , draw.count,
draw__stride) ;
}

M BT AR o] DL Y, B )12 4 i) R (8] 42 4 1 AR AL 72 12 4 1 2
— R, R H NS BCRIEAR, X T EBLH, FATT LU
VkBuffer X} GAEAZECRIE, AMUATLLTE N 37 50 1 a] V8 et R 5 N
[Bl¥ 2 T R 28248 € 1 VkBuffer X%, n] DLEEAETHEE (Gas it
AT N2 S48 VikBuffer X%, 2T, A MEiHEE O
SREL A BRI T BT, R TR A BRI B, e 0T S TR 4 ) S H)
instanceCount [FE & E N 0, HiA K IHLFATE G (EK@ﬁﬁ?f%E‘J%%
T, WAIAREEREEL TR A AR B L H I drawCount, R ag#E T
W& instanceCount ZHUN 0 SLIMGIFR, (HXFEMUKIRE — & KT &AM,
MY T =)




4 |\dEZH] APT 21

i T ARSI, FATE AT BUR R A . descriptor AE 4oxt
ZIHEABobD, AT IR E SR AF D, BATH — a3 2 R H
A LE GRS Rt i % o X R JATA B4 E KR H 7T LA Bindless i
Bl

4.2 [EELHIZEM

FRATIX FR A 2 1R 2 A R V)3 2 o) ) e BT B 70 X6 T4 N AN B R A ot
ARG 2H B FRATTAT — IR AR 2 R o

FA T HEORA T AN DX A B 2H A 0 TR G N GOt AT HEFE A A5 2[R %
2T 7 B2 (instanceCount ZEHIME R E N 0), RJEMEH 55 by
AT BRERAE, TR WX 5, K HXT BT instanceCount il 1o

FHEC T FRAT R0 51 B i (R B2 ) 28 0, VP 2 e 91 B AT B 2R 1
MR AN A T3 A

EU An ) 2545 25 R aim B E AR 51 34T T 2 pass BN JZ 0 51 B it
B, HEEITEEOSRDTS AR BdE: %

EATE AT R B G BR T E, BIBRTHE S AT WX R A7 it gk
GPU WAF (A7), #U17 N mesh clusters(BEMEE 64 M=) #HATH
RGBT, FRRGIBRTHEE AT ALY mesh clusters #E A7 7E— 0T LA
L

e, AT A AR A — mesh clusters, EATINER T a8
S B — RGN BAR X, O R 5] 5 K B T 75 208 e 0 A%
%, HIN mesh clusters H L EEEREIR 2, (H PR I A2 6118 H 52 BR
AR, XN TRAMIR/SORHE, RTE—RIAEESIE AR . o] BUA
&G IXEE mesh clusters F MM BTG IR 17— A8 R B PIRS 0 B o


https://www.advances.realtimerendering.com/s2015/aaltonenhaar_siggraph2015_combined_final_footer_220dpi.pdf

5 HEEMOL 22

5 HHEEGS
2 RTE, RATOS £ UGRE TR 52, (H % AT
RN, AR O AR 5 ST A

5.1 GPU BEHNT]

GPU Al CPU KM TIHE I &Y GPU BINBET 2L,
HEEMRIEGR =ML, EEENRKRE, GPU 817 AT B E LK
BT A A8, B TILE, GPU C& ] DIT 58 4 F I IE B o K
it (AR .

WA GPU Wit & B SR AT A BEAT I, B T O 0 — ek [
TETE G, Eee b a4, JEH, —A GPU % i —Hit R8T
(—MFERITTAT LB Z & CPU K— ML) k.

M CPU AfF, GPU 5 50 Pr AT 145 4 10 2 98 2 F H ORI
SIMD (454 Z8HliR) 484 JFH, "M HERITH RS RN AR 2 A
32/64 B FEEIER, XA GBI T S WA AR, A
R Ay LLR AT, NI BE 70 2 MR B (7 O34 CPU By RE
HR) .

PL RTX 2080ti A, EAE T 68 MRS (Streaming Multipro-
cessors), FEPMACEEZREE 64 > cuda #%0r, B cuda #ZO0EF 2 4 32
T REIAT 45 o

BT RTX 2080ti K, [FII Al AFAAT 4352 DASFIHILAE .
2 RSB N A7 ) RE IR A AR R 2 R A RE ), T K EE 2080t F 4
Ry, AT RE TR E FI AT 20000+ A7 (R EETEL).

A EEN T & GPU —IR$UTE X2 32/64 T, BT
PAAL AR T 32/64 T8 B2 A KU A IS AN el (1 5t Ak BRI AT 1) B dls 2 o
FHEEA R ST, RO 7 225 8 e AR AE X FE R ARAD) .

5.2 GPU it&E&ER

N TR GPU WAl /1, AT 25 o A 1 & i 8 405 stk AT
L, RE KT KEMFE 5.

N AT R R BT UL . T g — I n] LAEAT — 2 AH [
TS AL TR 4L o R AT LRI 1 4L P9 B0 SR e A
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ALRYR/N, AT LB AR 52 X

layout (local_size_x = 256) in;

AR E ST — M ER 256 AN JeERMA . HIPR/NRLZF GPU
MM ARVCAC, @ RO EBAH KN N 64 1IREEL A5 1E GPU K3k
EEMFEFEARP GPU %0 E3AT. X T /5 BEIESE, 16x16 K/hElt
B — N E

FATeT Lhd R i AR i e 4T R

gl__GloballnvocationID .x;

AL PLiEIL ¢l LocallnvocationID KRIEHHFIjC R AEIX —HWN A
ID, it gl WorkGroupID ZKHU4HETZHT 1D

A7 EIXEEEE, RATH AT DSEEE 2 I Tia 5, Hean R i i Ahs
I X o5 B AT MU B ) sk is 5

layout (local_size_ x = 256) in;

layout (set = 0, binding = 0) uniform Config{
mat4 transform;
int matrixCount ;

} opData;

layout (set = 0, binding = 1) readonly buffer InputBuffer{

mat4d matrices [];

} sourceData;

layout (set = 0, binding = 2) buffer OutputBuffer{
mat4d matrices [];

} outputData;

void main ()

{

uint gID = gl__GloballnvocationID .x;

if (gID < matrixCount)

{
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5 HEEMOL 24

outputData. matrices [gID] = sourceData.matrices]|

gID] * opData.transform;

AT ZEAL N 1 AR R AT T s

int groupcount = ((num_ matrices) / 256) + 1;

vkCmdDispatch (emd, groupcount , 1, 1);

A8 vkCmdDispatch i H 7 K HAT AL, B PAX BT RN
BRUL 25641 SKit 5B b Bir i B2 B AN 45

5.3 IHEE®E (compute shaders) SEZFFE (barries)

FATCFLEF— VkQueue [ GPU 54 UG R 7] 2 4% 1 E A T7E A
IR, (HEE R AAZ . Wt il, WRA—MNMERESATIHE
HEJPPATIE S 2 )G, FHHENVin 7 E—EdE, winl6e 2 R0k R
[EEZ TR

Ak, Vulkan AFRARAME TE LR (barrier) & 1H R M A3 [F 2D
] 2

fE B A, RAETHEE AT TEIE R E, REEER
A TR, BT RIE LSRR (barrier) 40N HNARIS B :

VkBufferMemoryBarrier barrier = vkinit:: buffer_barrier(
matrixBuffer, _graphicsQueueFamily);

barrier.dstAccessMask = VK _ACCESS _SHADER READ_ BIT;

barrier.srcAccessMask = VK _ACCESS SHADER, WRITE BIT;

vkCmdPipelineBarrier (cmd, VK _PIPELINE STAGE COMPUTE_SHADER, BIT,
VK _PIPELINE STACGE VERTEX SHADER BIT, 0, 0, nullptr, 1, &
barrier, 0, nullptr);

fE BT ARRS, JAMEH T —A7sre access mask” AARERHIE NS
NERAE, 7 —>"dst access mask” FAFEHE T R AT B4 1)1 U A

BATEBRX— L BFRE (barrier) S2Pr L& & f5 i H & AR 52 UG
A AT T A SRS




5 HEEMOL 25

MIBFE LB (barrier), GPU 24858 45T BCE I P L5 7
%, SRJEA ZIREHAT, MIXA] RES PEOH R R ITE TR (&
TR LG L 2 AR BN I RCRAN ], A A/NIFERS ), BT LBRATTR % AT
e/ b M B L BRI (barrier).

XA R G515, EMMH T 3 A 5E 8RRt AT Al BRiRAE,
NI 3 ANHEE OASKPAT IFRARBI R, RN A F 2B L
b (barrier) MUA LAZERIX 3 MHEE QS MEWEFL, MRS —MEHEE
EARIPAT S5 H I — M LB (barrier) 2 F VAR RE S GPU 1%
NTERAE .
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6 MREL

AT R 5 RS T — MR R S
BEE T LAFE material system.h/cpp HHH IS H LA
— MM EE B T E LN RAE AN R, DU TSR E R

descriptor set.

6.1 HEXMR (Shader Effect)

struct ShaderEffect {
VkPipelineLayout builtLayout;
std ::array<VkDescriptorSetLayout , 4> setLayouts;

struct ShaderStage {
ShaderModule* shaderModule;
VkShaderStageFlagBits stage;

}s

std :: vector<ShaderStage> stages;

Shader Effect j&2 —MH THRE LN R WA, @F ey T —4
EOHBRELE, —4 descriptor set A REE, PLLELN RIAARGEE.
) iE 1, Shader Effect 07 1 HIEE 2% A 7 S B o

TEANEE— shader effect X G, FATTHEEIRAL shader stage HdfE, DA
S e (RVE S RINAT RS B, B a il f7 E 4 i@t S SREXKT descriptor
set HIAJRIE &

— AWM RE 2l £ shader effect, FCUI'e mIREE& H T2
N5 ) shader effect, T AiIA] pass 784 #%H shader effect.

Shader Pass f1 7 ' H Shader Effect #2115 B M IE&E B LT %,
W AR s

struct ShaderPass {
ShaderEffect* effect{ nullptr };
VkPipeline pipeline{ VK NULL HANDLE };




o
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VkPipelineLayout layout{ VK_NULL _HANDLE };
&

ShaderEffect* texturedLit = build_effect (engine, 7

tri_mesh_ssbo_instanced.vert.spv” ,”textured_lit.frag.spv”
)

ShaderEffect* defaultLit = build_effect (engine, ”
tri_mesh_ssbo_instanced.vert.spv” , "default_lit.frag.spv”
)

”

ShaderEffect* opaqueShadowcast = build__effect (engine ,

tri__mesh_ssbo_instanced__shadowcast.vert.spv”,””);

ShaderPass* texturedLitPass = build_shader(engine—>_renderPass,
forwardBuilder , texturedLit);

ShaderPass* defaultLitPass = build_shader(engine—>_renderPass,
forwardBuilder , defaultLit);

ShaderPass* opaqueShadowcastPass = build_shader (engine—>

_shadowPass,shadowBuilder, opaqueShadowcast) ;

6.2 WRIEWR (Effect Template)

struct EffectTemplate {
PerPassData<ShaderPass*> passShaders;

ShaderParameters* defaultParameters;

assets :: TransparencyMode transparency;

FAiE Effect Template K& B 2 AN T AN[F pass PIE LT R LA
Lit TextureOpaque ZCRBM G, © @ LM RAESHLEE, HH T8
MTHEL, DAL BRI B TE S

FATA] LASE 6 2t 22 A Btk ) RUR AR (Effect Template), 85 21X
BERERIBAR A 2 S = A 5 (R T 25T master 73 SCBIEEHTIIHRFRL) -

{

EffectTemplate defaultTextured;
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defaultTextured . passShaders [ MeshpassType:: Transparency |
= nullptr;

defaultTextured . passShaders|[MeshpassType::

DirectionalShadow] = opaqueShadowcastPass;

defaultTextured . passShaders [ MeshpassType:: Forward] =

texturedLitPass;
defaultTextured.defaultParameters = nullptr;
defaultTextured.transparency = assets :: TransparencyMode
:: Opaque;
templateCache [ "texturedPBR_opaque”] = defaultTextured;

ORI BC B S br Bl 313, Wid i, BORBIR (Effect Tem-

plate) H2 T LI S0 1A

— /N (Effect Template) 87 T —4> ShaderParameter 4544

i, BRE TEOHENBASHE.

6.3 ¥R

struct Material {
EffectTemplate* original;
PerPassData<VkDescriptorSet> passSets;

std:: vector<SampledTexture> textures;

ShaderParameters* parameters;

AT 37 Material M RAL, EHE T R A BRI (Effect

Template) MJ3E%EF, PAA—2HH T1E A H I descriptor set, AT 43R
FE B P 08
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6.4 MREEIR

FEBNIZ I, BT 2 R EN AT G0t R i 5| KR 5 B2
M GRS — MM E T B R R AR (effect template) 15 5,
LAB M RS BB E I json W&, W NEIARHS AR

struct Materiallnfo {
std::string baseEffect;

std ::unordered__map<std ::string , std::string> textures;

std ::unordered__map<std ::string , std::string>
customProperties;

TransparencyMode transparency ;

BAMFEIZAFEIR, AT — PR R .

6.5 ZEBERYG

i3t Materiallnfo SR PR LIS R, FRATHIM SR Gt = B
=AM G, 2 JE BA T AT DB A R 44 PG 5| B 5

struct MaterialData {
std :: vector<SampledTexture> textures;
ShaderParameters* parameters;

std::string baseTemplate;

I

{
vkutil :: MaterialData texturedInfo;
texturedInfo.baseTemplate = "texturedPBR_ opaque”;
texturedInfo.parameters = nullptr;

vkutil :: SampledTexture whiteTex;
whiteTex .sampler = smoothSampler;

whiteTex.view = _loadedTextures|[”white”].imageView;

texturedInfo.textures.push back(whiteTex);
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vkutil :

: Material* newmat = _ materialSystem—>

build__material ("textured”, texturedInfo);

30

iR I FBX 50 GLTF fFARBAURYE, — A R A FE R
TERS R G R R — DA PSS AR S br B e BT DASRATI R 2% 9 44 ik

RGN A7 ThRE, X8 AR RIR 5 (0 P A X 42

RIS — KB A

FHT IR BN B, 2 5 BARIR 0] C QU A B B XA AT AT
A LLE N — IR AR HRE G EAT. A7 RG RSB AR B

vkutil :: Material* vkutil:: MaterialSystem :: build__material (const

std :: string& materialName, const MaterialData& info)

Material* mat;

auto it = materialCache. find (info);
if (it != materialCache.end())
{
mat = (*it).second;
materials [materialName| = mat;
}
else {

Material *newMat = new Material () ;
newMat—>original = &templateCache| info.
baseTemplate];

newMat—>parameters = info.parameters;

newMat—>passSets [ MeshpassType ::
DirectionalShadow] = VK _NULL HANDIE;

newMat—>textures = info.textures;

auto& db = vkutil:: DescriptorBuilder :: begin (
engine—>_descriptorLayoutCache, engine—>

_descriptorAllocator);
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for (int i = 0; i < info.textures.size(); i++)
{
VkDescriptorImageInfo imageBufferInfo;
imageBufferInfo.sampler = info.textures
[i].sampler;
imageBufferInfo.imageView = info.
textures[i].view;
imageBufferInfo.imageLayout =
VK_IMAGE_TAYOUT SHADER, READ ONLY_OPT]
db.bind_image (i, &imageBufferInfo
VK_DESCRIPTOR._TYPE_COMBINED IMAGE_SAN
, VK_SHADER_STAGE FRAGMENT BIT) ;

db. build (newMat—>passSets [ MeshpassType :: Forward
1)

LOG_INFO(”Built, New Material {}”, materialName)

I

materialCache[info] = (newMat);
mat = newMat;

materials [materialName| = mat;

return mat;

IMAL

VIPLER

Xt T AR AEAE AR (effect template) H I LR % Gk, szbr F3K
MM T G2 A7, A FESMER (FATIRM P2 165 51 F IR AR
X))o

=1
6.6 5%

MR RS0 SEIAT mesh pass IPFATEE MK X TR 5] 2,
MIRA P — AN ATE G R M B — mess pass B, AT E BT 5| )
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M RAE B EE XTI pass FIRBCRIER (effect template), WIREE,
A 2R XA ARG RINAZIR BL pass F12

if (object—>bDrawShadowPass)

{ if (object—>material—>original—>passShaders |
MeshpassType :: DirectionalShadow ])
{
_shadowPass. unbatchedObjects.push_back(handle) ;
}
}

TS FHAH R 20 RIS B G, 51 B SAEHAT pass XA
HEF & HEA.

AT, T RATRBI 5 2B 1) shadow (B 5 )pass, fEHETF )G, BT
AIEMAEIX— pass HIIX RA G HALRK, £ draw call H 58 RLTE L.
B2 AN E I %R, HEF E R e LA 9F, 513t R H—A draw
call VERLEAT.
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7 MBS

TR T A TE JIX — 5o IR ARS S 32 BE4E vk scene.h/cpp
i, #4r1E vk engine_scenerender.h/cpp .

PATIX BB 7 ) 5] PR vE e i) wort Bk £ 2ok B UE 5] A
OutMachinery 1# %,

7.1 Mesh Passes

FATH x5 5] 2 3 E@F Mesh Passes X GORA LI R E . —4
Mesh Pass % R 5 THERESER— Pass WA EE. Bk, &A1
B 51 A5 T 3 > Mesh Pass: H T AT ITE 44 Mesh Pass, {H3YJ7[A]
HCIRBAFZ G Mesh Pass, DL — M TEGIE AP Mesh Passo

EIXBEIRATAAEH T 3 > Mesh Pass, 1H7n1 5] 25 5480 3 A PR 1) 3
IE B2 2 (1) Mesh Pass. Holnn, FRATH] DUOAARZEHEH B 82 10 SOGUR, 1
Bi— Mesh Pass, HTZHIEMHEZME . XITHZ AP RSO,
BTATR AT LOAREAS A LIG 0 — N1 1) Mesh Pass, SRIE 4L AHALAL TP %)
%o HAHN, HT Mesh Pass, FRATIEA] U— & BIHEREEAL, EhanFRATT AT
DUKE 37 55 B B A GRS 0 R FEA[F] ) Mesh Pass, MR EUA
[FIE AL TR S R TE B3 s AR B . Bt — 2D iy, AL PR — 4K
(PRI Mesh Pass 7382 AN/ NI HET A Mesh Pass, 985 4% HEAS [A] 1 52
PR AL FEASFELH) Mesh Pass, A2 TERERBLAI H .

B FRATT AT DA i 38 2 1 5 AR B 8 — > Mesh Pass, {H—-> Mesh
Pass % REFEKRMIE R K. Frih, FATNAZLER DX Mesh Pass 1
. T ME R RIN— DX R — AR, BB — A%
FHEPEARAN T EIRATE . Mesh Pass. {EZ IR INFEER — AN X G144 5 5%
Y1 — A% G ok 75 ZEFRATE 2 Mesh Pass.

AJF =4 Mesh Pass X Rt & —MIOLH draw call 45, AR
Mesh Pass A DUFFATHOER 2. bbdn, FRATTAT DAFFAT 3 2 2 N AS[F B B 52
K Mesh Pass.

—A~ Mesh Pass X R 7 T HIXLE N Z:

std :: vector<RenderScene :: Multibatch> multibatches;
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std :: vector<RenderScene :: IndirectBatch> batches;

std :: vector<RenderScene :: RenderBatch> flat__batches;

std :: vector<PassObject> objects;

std :: vector<Handle<RenderObject>> unbatchedObjects;

std :: vector<Handle<PassObject>> reusableObjects;

std :: vector<Handle<PassObject>> objectsToDelete;

FIEACHS ) multibatches, batches 1 flat. batches X 245 T HEfF#
Ja AT CLEE B3 draw call 115 2. .

struct RenderBatch {
Handle<PassObject> object;
uint64_t sortKey;

H P #) flat_ batches X R B % T 1% mesh pass H&A A IF L6110 1
XRFNFR . R AR L] (draw indirect), AT LLE B8 A
flat_ batches X} RIEALAIF R BATIE Y. flat_batches HIF— N IGRBE ST
— MR RAEX R RG] A, DLESS RHE T O .

struct IndirectBatch {
Handle<DrawMesh> meshlD ;
PassMaterial material;
uint32_t first;

uint32_t count;

batches X RAEE T HTESHIEE. BB - PMoReEs 7T —1
XPR flat batches X R CR K —ANXE, WU ERE TR ERE
X T —ANA] LA VkDrawIndirectCommand & 3 52451 A0 78 YL i) 2 N X
%o
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struct Multibatch {
uint32_t first;

uint32_t count;

multibatches X} R — N oRE S T — A PUsL —2% VkDrawlndi-
rect Wi FHTE JL B0 5 X [H]

struct PassMaterial {
VkDescriptorSet materialSet ;
vkutil :: ShaderPass* shaderPass;

I

struct PassObject {
PassMaterial material;
Handle<DrawMesh> meshlD ;
Handle<RenderObject> original;
uint32_t customKey;

objects X RALE T #1X— mesh pass FTAE N R VR ERE—
TLRAE T MMBESE, YU T 5] H R R AT E Gt R AR
4 Mesh Pass BT, B2 H objects X ST HIX RINFKEHE draw
calle N T HEEBEBRARINXT REIRE, objects X RALE HIFIFE £ VF null
LRI, XM null JCE IR 5| S HAFETE reusableObjects X% H,
5 LS A I3 056 G5 A null T3 B o A R 25 1A

78 Y — > mesh pass B, AT Jo il H 1155 628 55 9 R &
A R ) 2 2 o) B AR R ) Eds, 4R 5 3 I multibatches X 5 H 1) G 3 4
1T draw calle EAKFIACHIS S AL T vk engine scenerender.cpp M exe-

cute draw commands FRE T .

N—1>
7.2 BRiFE

AT 51 18 G FH 2 () Mesh Pass Xf RAFAE(E | RenderScene
. [FEF RenderScene 1 5144 AJ VE 4L X R U8 I 2 IE# ) Mesh Pass X 4+,

RenderScene ¥ A JEGeXT 5. WSS G MR SAF Rl (R B XS s
Mesh Pass X G i 5 8 A) 4l 5] I L5 5 o
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std :: vector<RenderObject> renderables;
std :: vector<DrawMesh> meshes;

std :: vector<vkutil :: Material*> materials;

std :: vector<Handle<RenderObject>> dirtyObjects;

BAVRYES T — DX R AR, AL T EXT R A0 3R A 10 R0 Bl 2= 4
i BAER] GPU 2207, RenderScene 2% N e H b iR 6 5 i 24 3047
ey, K HORBAE GG X, T A ) mesh pass {8 FH [R]— S
Pi 22 R AT S B UG S AR g A

P X GF M3 RenderScene #& HH register _object batch BY register object

BR AL 5E B o

struct MeshObject {
Mesh* mesh{ nullptr };

vkutil :: Material* material;
uint32_t customSortKey;
glm:: mat4 transformMatrix;

RenderBounds bounds;

uint32_t bDrawForwardPass : 1;
uint32_t bDrawShadowPass : 1;

241 RenderScene vEM— X 4B, RenderScene 434 1% — ™ A {8 4
X% (RenderObject) JEA renderables {20, XA A VE Jext S5 1 X
G A FH IR I R R SRR 5 G ) A0 A, G SRt R B 51 R R o X 50
HEN, BABSIEX EENFTHR MBS .

i) RenderScene JEMXT R HIFEIF, 2285 %0 AT M ] Mesh Passo

Handle<RenderObject> RenderScene:: register__object (MeshObject*
object)

RenderObject newObj;
newODbj.bounds = object—>bounds;

newODbj. transformMatrix = object—>transformMatrix;




10

11

12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

7

}

if

{

RIS 37

newObj. material = getMaterialHandle (object—>material);
newODbj . meshID = getMeshHandle (object—>mesh) ;
newObj.updatelndex = (uint32_t)—1;

newODbj. customSortKey = object —>customSortKey;

newObj. passIndices.clear(—1);

Handle<RenderObject> handle;

handle.handle = static_cast<uint32_t>(renderables.size

()3

renderables.push_back(newObj) ;

if (object—>bDrawForwardPass)

{
if (object—>material—>original —>passShaders |
MeshpassType:: Transparency |)

_transparentForwardPass.
unbatchedObjects.push_back(handle);

}

if (object—>material—>original —>passShaders]|
MeshpassType:: Forward])

_ forwardPass.unbatchedObjects.push_ back
(handle);
(object —>bDrawShadowPass)

if (object—>material—>original—>passShaders |
MeshpassType :: DirectionalShadow |)

_shadowPass. unbatchedObjects.push_back (handle) ;

update__object (handle) ;

return handle;
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n EARKE TR, 2E— mesh pass MR G, FATTLHK6 %} %
BT 51 FH Ik 5 2 15 605 45 % S mesh pass Fr{d B shader, 40 5H #1E,
BN mesh pass. B mesh pass BIMEFEAAZACH FIXF 5 o

7.3 Mesh Pass BT

MAHEXZMA mesh pass A X LM mesh pass HEEFRET, AT E
¥ flat_ batches 204, LM objects 2eH . XFFIATHIRBIGIEE, ALK
SEWAL T refresh_pass BREH, X—REATEGWIHA, RFEZEAE mesh
pass HRIRT GO AR FHRIAT,  FF HLIRATRT DL 2 2R FH X — sR 45

HATKUL, Mesh Pass 5 X & e, FAIVIE S . X T
#7r H A mesh pass XT R AT LMHAR Z 046 HXF T 522 H E Mesh Pass [
SEMUAHR R UL A G —

X} T unbatchedObjects 20 RN G, 224 #3482 objects
HHHF,

53 objects BABHE R T, FAVRSE ) objects £, AHAFH
=PRI EE—NHTHF M hash 1 (sortkey), #3&FATHHIXA
hash {EEHATHF PR @ BT flat batches 24 .

g H flat_ batches # 4 5, FAT4EL:1# H flat_ batches % indi-
rectbatches 4, /5, #HFEME multibatches £ .

7.4 GPU ix4E

FERE—1l, AL THEAE QAT BIBRTHEL, SR 5 A 22 H B 24 Y 1)
Fe2zx) (draw indirect) Ao FAARYE, g EHAETHEE G s s ia
TIA) 2 2 145 A A7 il OB BRZZ P X 48k, 05 2 o X sl () [) #2241 (draw
indirect) 1684 Z%.

struct GPUlnstance {
uint32_t objectID;
uint32_t batchlD;

I

struct GPUlndirectObject {
VkDrawIndexedIndirectCommand command;
uint32_t objectID;
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uint32_t batchlD;
IS

AllocatedBuffer<uint32_t> compactedInstanceBuffer;
AllocatedBuffer <GPUlnstance> instanceBuffer;

AllocatedBuffer<GPUlIndirectObject> drawIndirectBuffer;
AllocatedBuffer <GPUIndirectObject> clearIndirectBuffer;

AT H ) drawlndirectBuffer F1 clearIndirectBuffer H mesh pass
(1) batches FAH I EAR G TR, EAFM 1 EEESHIEL S8 H
HH clearIndirectBuffer & —/> CPU W5 NHIZMIX, ‘B A7 4
F8 41 instanceCount ZHHIME N 0, FATTAT DLEEAEHIX — & X fERF—
M7 55 drawIndirectBuffer H HEHE 58 ol B vH 50 AT ) 3 B Ak .

drawIndirectBuffer #&—> GPU &G X, FRAT 1] 42 2 i) o A
B AR B AR 25 45 2 S HOHATIE Bt

passObjectsBuffer 2 H T7E 1T H & A& U in H T2 0E . &

EEAXTRIK objectID Al batchID. batchID 78 5 B35 5 19 in <

22 HI BB E, ObjectID FT 2515 M) X A4 & () H4 .

passObjectsBuffer 7] DA EL#% B mesh pass X %] objects #4115
Fo

% J5 /& compactedInstanceBuffer, & A L& gl InstancelD % ob-
jectID Fy— ANBRES. &R i RAE GRS ES R ITEN SN, RIEEZ
JE T A o SR B B A F BAT 1R U7 [l 6 B2 HY) objectID B 51 FH BSR4

FATH 7~ 51 B IL A7 T vk engine  scenerender.cpp H [ ready _mesh draw

BRI K ST R 27 b X ) ERE B AR . 6 TR mesh pass, A0 F B EH
RRAEZN, R EH BAESIES] GPU Mg MIX .

X}F clearIndirectBuffer >Kii, ‘& MNEHEHRK H mesh pass [f] batches £
H, A R

void RenderScene:: fill_indirectArray (GPUIndirectObject® data,
MeshPass& dpass)

int datalndex = 0;
for (int i = 0; i < pass.batches.size(); i++) {

auto batch = pass.batches[i];
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data[datalndex ].command. firstInstance = batch.
first ;

data[datalndex ].command. instanceCount = 0;

data[datalndex ].command. firstIndex = get_mesh(
batch.meshID)—>firstIndex;

data[datalndex ].command. vertexOffset = get_mesh
(batch.meshID)—>firstVertex;

data[datalndex ].command.indexCount = get_mesh (

batch.meshID)—>indexCount ;
data[datalndex].objectID = 0;
data[datalndex].batchID = i;

datalndex—++;

instanceBuffer H)#E#E [FIFESR B batches $U4H :

void RenderScene:: fill_instancesArray (GPUlnstance* data,
MeshPass& pass)

int datalndex = 0;
for (int i = 0; i < pass.batches.size(); i++) {

auto batch = pass.batches[i];

for (int b = 0; b < batch.count; b++)

{
data[datalndex].objectID = pass.get(
pass.flat__batches[b 4+ batch.first |].
object )—>original . handle;
data[datalndex ].batchID = i;
datalndex—++;
}
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void main ()

{

uint gID = gl__GloballnvocationID .x;
if (gID < cullData.drawCount)

{

uint objectID = instanceBuffer.Instances|[gID].
objectID;

bool visible = IsVisible(objectID);

if (visible)

{

uint batchIndex = instanceBuffer.
Instances [gID]. batchID;

uint countIndex = atomicAdd(drawBuffer.

Draws[batchIndex ].instanceCount ,1);

uint instancelndex = drawBuffer.Draws]|
batchIndex]. firstInstance +

countlndex;
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finallnstanceBuffer .IDs[instancelndex|
= objectlD;

ARHG H1 ] instanceBuffer X} N _E—2 45 AllocatedBuffer< GPUInstance>

instanceBuffer. ‘B {RAF 1 Xf N SE41 ] ObjectID 1 BatchID([a]#: £z ID)
ER.

B TSI R ObjectID, FRATHT DASRELUE AL HEAE B, it B
THEEAE LTI NS, WsRel I, FRATHURE R R ) (8] 422 22 1l 45 4
] instanceCount Z%U 1.

WILEET, drawBuffer £7f# 1 H TEG4H vertexCount 1 instanceCoun-
t, {H instanceCount PMEBILEE N T 0. 4 FHTHE G Q23T 5 Br AR
B, WX RAT W, el N # instanceCount FIME N 1, FKI0 1 5
H14E RS countIndex 85, countIndex 2% & FI{E M _E N I firstInstance
33 M FT 5241 K 5] instancelndex, #A 51 H instancelndex # & finalln-
stanceBuffer "1 {i SEBIXT ML) ObjectIDe 2 J&, FATRAET A& a5 h
{§ F finallnstanceBuffer 7% Instance F1 ObjectID W £ K1 1] 5L
BT 5 B S

5 R b T IX —SEE 5 1 R A2 DrawlnirectCount & B F S HFIE
AAEE ) V2. R PAER DrawlndirectCount ¥ /&, AR Lk
X R B CIAL 4R 4, BB AT WA R (B 2 i 45 2 1%
E [A]— B [X 35

8.2 HIHEIAZIR

FATHR AT HEAR DI BR OS2k B Arseny:  BES%
PG ER SR

bool IsVisible (uint objectIndex)

{

vecd sphereBounds = objectBuffer.objects[objectIndex].

spherebounds;

vec3 center = sphereBounds.xyz;
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center = (cullData.view * vecd(center ,1.f)).xyz;
float radius = sphereBounds.w;

bool visible = true;

visible = visible && center.z * cullData.frustum[1] —

abs(center.x) * cullData.frustum[0] > —radius;
visible = visible && center.z * cullData.frustum[3] —

abs(center.y) * cullData.frustum[2] > —radius;

if (cullData.distCull != 0)

{
visible = visible && center.z + radius >
cullData.znear && center.z — radius <
cullData . zfar;
}
visible = visible || cullData.cullingEnabled = 0;

return visible;

PATAE W I o H A s 34T BB S AT, AR ATE A T A1 BRI
cullData, B 7T A ERHEARE E .

FATEIL objectIndex FREON GBI B H G- X SRR R B S 80
i B R B JE HEAT S .

TRATTRE 0 BRI A0 B G ¥ B view AARZSIT, AR TR A AL T8
BIALHER N

MAHER R ] LGB KERIXT R, HERNBE AT DA E L, i
S D AT ISR -

8.3 EHiHIk&

R 2 I T 8RBT WLHE AR Y R R S B B e RIEss, JEAAT L.
N T IR AR AT IR G, AT 7 ZEHEAT A S B — ROk, I
PG R AR B b — WU QIR B AT, A — e n LT
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AR T A B AR RI AL AOIR BE G2 b, RTINS F 33045 590 B (A0 € 2% of
FOR AR, AT A 5 B B

56 BE IR F5E 2 o 30 Xt 1 4 500 B R MRS P L vy, ARAN 5 R AT PR
FIRFELLEL . 9 TN AT IR FELLEL, — R R Z FRE . £ HIR
LR T mipmap, TR E—FIWAE S HE. @LXMTy
%, ATRAE RS — JbRad S i R i 5

SCHLE A R, BATH EAF R R IR G2t AR JE AR
IRPEGE P8, S50 A BRI (] -

AllocatedImage _ depthlmage;

AllocatedIlmage _ depthPyramid;

VkSampler _ depthSampler;

VkImageView depthPyramidMips[16] = {};

FATHI = B 51 BB T 3R 0 38 R 58 1k 22 PR L 52 v s i A2 Al

for (int32_t i = 0; i < depthPyramidLevels; ++i)
{
VkDescriptorIlmagelnfo destTarget;
destTarget .sampler = _ depthSampler;
destTarget .imageView = depthPyramidMips|[i];
destTarget .imageLayout =
VK_IMAGE TAYOUT GENERAL;

VkDescriptorIlmagelnfo sourceTarget;

sourceTarget.sampler = _ depthSampler;
if (i = 0)
{
sourceTarget .imageView = __depthlmage.
_defaultView;

sourceTarget .imageLayout =
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VK _IMAGE TAYOUT SHADER READ ONLY OPTIMAL

I

else {
sourceTarget .imageView =
depthPyramidMips[i — 1];
sourceTarget .imageLayout =

VK IMAGE TAYOUT GENERAL;

VkDescriptorSet depthSet;

vkutil :: DescriptorBuilder :: begin(__descriptorLayoutCache
, get__current_ frame () .
dynamicDescriptorAllocator)

.bind__image (0, &destTarget ,
VK _DESCRIPTOR, TYPE STORAGE IMAGE,
VK_SHADER, STAGE COMPUTE_BIT)

.bind__image (1, &sourceTarget ,
VK DESCRIPTOR. TYPE COMBINED IMAGE SAMPLER,
VK SHADER STAGE COMPUTE BIT)

.build (depthSet) ;

vkCmdBindDescriptorSets (cmd,
VK_PIPELINE BIND POINT COMPUTE, _ depthReduceLayout,
0, 1, &depthSet, 0, nullptr);

uint32_t levelWidth = depthPyramidWidth >> i;
uint32_t levelHeight = depthPyramidHeight >> i;
if (levelHeight < 1) levelHeight = 1;

if (levelWidth < 1) levelWidth = 1;

DepthReduceData reduceData = { glm::vec2(levelWidth

levelHeight) };

vkCmdPushConstants (cmd, _ depthReduceLayout ,
VK_SHADER, STAGE_COMPUTE BIT, 0, sizeof(reduceData),
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&reduceData) ;
vkCmdDispatch (cmd, getGroupCount(levelWidth, 32),
getGroupCount (levelHeight , 32), 1);

VkImageMemoryBarrier reduceBarrier = vkinit ::
image_ barrier (_depthPyramid._image,
VK_ACCESS_SHADER, WRITE_BIT,
VK_ACCESS_SHADER, READ_BIT, VK IMAGE LAYOUT GENERAL,
VK_IMAGE TAYOUT GENERAL, VK_IMAGE ASPECT COLOR._BIT
)

vkCmdPipelineBarrier (cmd,
VK_PIPELINE_ STAGE_ COMPUTE_SHADER, BIT,
VK_PIPELINE_STAGE_COMPUTE_SHADER, BIT,
VK_DEPENDENCY BY RECION BIT, 0, 0, 0, 0, 1, &

reduceBarrier) ;

P A2 1 2 GOR FE G P s i) 555 G s AU ST 1«

void main ()

{
uvec2 pos = gl_GloballnvocationID .xy;
float depth = texture(inlmage, (vec2(pos) + vec2(0.5))
/ imageSize) .x;
imageStore (outImage, ivec2(pos), vec4(depth));
}

£ L A ARG, BT I — A Th e JE i SUBECR R AR S LR
2x2 SURWIER/ME, XA GUER AL K QU AR R T s -

VkSamplerCreatelnfo createlnfo = {};
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createlnfo.
createlnfo.
createlnfo.
.mipmapMode = VK_SAMPLER, MIPMAP_ MODE_NEAREST;

createlnfo

createlnfo.

)

createlnfo.

)

createlnfo.

)

createlnfo.

createlnfo

.maxLod =

48

sType = VK_STRUCTURE_TYPE_ SAMPLER, CREATE_INFO;
magFilter = VK_FILTER LINEAR;

minFilter = VK_FILTER,_LINEAR;

addressModeU = VK SAMPLER ADDRESS MODE CLAMP TO EDGE
addressModeV = VK SAMPLER ADDRESS MODE CLAMP TO EDGE

addressModeW = VK SAMPLER ADDRESS MODE CLAMP TO EDGE

minLod = 0;
16.f;

VkSamplerReductionModeCreateInfoEXT createlnfoReduction = {};

createlnfoReduction.sType =
VK_STRUCTURE_TYPE_SAMPLER, REDUCTION MODE, CREATE_INFO_EXT
createIlnfoReduction.reductionMode =

VK _SAMPLER REDUCTION MODE MIN;

createlnfo

.pNext = &createlnfoReduction;

VK_CHECK(vkCreateSampler (__device, &createlnfo, 0, &
_depthSampler) ) ;

BARIX B —AY R, (HEMCRMER 2, AfREML &S H
PIE R, M vulkanl.2 FF4R, X—F RN T vulkan &G H—H 7.

BT 2 IRIREZ G, AT T AT E A a8 e AT T
P45 Bk

visible = visible || cullData.cullingEnabled = 0;

center.y *= —1;

if (visible && cullData.occlusionEnabled != 0)
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vec4d aabb;

if (projectSphere(center, radius, cullData.
znear , cullData.P00, cullData.P11, aabb))

float width = (aabb.z — aabb.x) *
cullData .pyramidWidth ;

float height = (aabb.w — aabb.y) *
cullData.pyramidHeight ;

float level = floor (log2 (max(width ,
height)));

float depth = textureLod (depthPyramid,
(aabb.xy 4+ aabb.zw) * 0.5, level).x

I

float depthSphere =cullData.znear / (

center.z — radius);

visible = visible && depthSphere >= depth;

PATE S th SO A B R BRI B 42 18] () AABB &, 25K
B AABB B & /M AR GR B 22 i it SR X e T AT LA,

FRE X BT A RS o

X B PL A B SE B B A Unreal 312, AEIRISE, Unreal 5]

A a2 ) (draw

indirect), ‘BT UG (28 5 BRI 45 2
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) ASALRAE CPU U7, TRATRTEZHING CPU B,

AT LS 25 R 59 B ST AT A Hl Tl A B A
B & SR — A BRI T SIBR A G ER (unreal 519K FERL, unreal
SRR B AT 3 5 4 WUEIR), SRS LWV b A4 i
U A P 0 R 174 AT R RS (O 25 135 4% M 20 i
).

8.4 FIFRIRIEFFIERUERIHEF
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