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g 7L Studio Dol A e Centroid- X*Ffﬂé =

A A HA S

p
3
2

1 Primitive
3

FRE VoA dAZ £ AP} GPU AtE MS Only$} Hlwgheh,

583

FEYY vas SIHEE

AT 127 Zeoll A AH| = GPU AlZH ST A
FE Ao 3 MS Only®} t|it A YL Ms

ZHEENE

%27 Centroid 5 =3 ZENE
et ® HEHIAIMS IA &= Meshlet

It ohe 2y Sxell 222 127

g 2 (83 ded 23 (ohH)

02 04 06
c

9. 7. Studio DY Z2A 99. IA 7]E K—Means(€Z%), MS 7|E K—Means(LE%
C, N2%<& 4% A IF Primitive 5 log, (P).

MS, #H&

39 A5 gy BE

4e Bl 99 BE / Hzge

08 10 00 02 04
c

06 08

Ayt A 7]E K-Meansoll
2 FolA

) /[ AL IA, AL

28 %A% ANE AR AR 48 L Aol
¥ 2. A5E 98
A8 SISk
T(3) wd Aot 4 £0 B
V(HZE) Ay NI HR 280 7 Fe Zw) 1A P Threshold 1%, MS 7
] ZEE 2
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B g 1.2 AA £3 GPU At ® HF
TI(HE AE) | A=7] 117 2] JA-MS 712 BAS x§s 267 R4 5o 4= vl
E1(HZ A3 | Aot BAS uAd P, IA 7] K—Means, hZ(IA Only-MS Only)3} v @
T, V, T1, E12 373 & YUw ZAo] ofvgt 7+ 37 <te 7MWt H=E ‘4'% ZAolth, wetA, 117 3
AGE 9 BE57 U AEE 47 Zka, T1s El SAo& 117 7o) 25 239, e 2d2 84
ity g Sk - BEHT,

o
ol
il >4
=
B
-3
%
N,
5e
flo
ol
b
.ﬂ

4. 74
4.1 L 7k A 33
Renderer+= Scene - JI2~H 2~ 18, F Geometry A2, 15 A4, F5 Material, Z# Y =Y g,

2 FAEY 22 &Y A Render Targetel]l 24 Al4bshk= Forward wW2lolty, 7t 2 A3
® 37 2

FIO I

=0
b
273

rﬂé

3 0E R AY 27

g R

GPU NVIDIA GeForce RTX 4070 Laptop GPU, =&}°]H¥ 560.94

N =5 Visual Studio(v143), Windows SDK 10.0.26100.0, Agility SDK 1.618.5
Alele ok DXC(IDxcCompiler3), VS-PS-AS 6.6, MS 6.7

2lo] v & g Autodesk FBX SDK, meshoptimizer, yaml—cpp, stb_image, ImGui

gy A= 1280X720

Swap Chain FLIP_DISCARD, Back Buffer 27}, tearing 3-8, Present interval 0
Command Queue | DIRECT 5F 17§

7)) 2} A2 317 45° near 10 cm, far 1,000,000 cm

[A9} MSe| =32 Hl57] Compute 7} ole} 22 ID3D12GraphicsCommandList ¢k A= o&
Draw<®} Mesh Dispatchth.

4.2 Scene F+4: YAML3} FBX

YAML Scene Al2®l. W2 F=7} ofyegl YAML ot = #e|dth. Zoi& scene.yaml®| Objects v &
S £33y Z+ 2B A E9S Name, UseMeshlet, Position, Rotation, Scale, MeshPath, ShaderPath,
Roughness, Metallic, WorldMatrixZ ¢}+=t}. Material& ¥ =9 textured_materials.yamlo] 233%ch o] 1}
o] Materials:= Materialv}c}h Texture 472 7 = - BaseColor - Al - UV W3 - Edl= A X E, Bindings
= A - €53 Material®] o8& Ae|gtt. Scene A5 9| AlS2 3E 49} Zrh

X 4. Scene A}& AF

A 3ol oo
Scene HJX] scene.yaml A 2] Mesh-AlolH ﬁiﬁ‘r ks
Geometry FBX /\1—71—8:1 —r]_ 7<4 x% /\4
Material textured_materials.yaml Texture, UV, Materlal A, Ed=
Polygon Link textured_polygon_slots.csv A28 3 Material £52] -5

F= 13 7= 2+ StudioBe] AA| A mtdoA] w3t AT, ZE 1o F LEAEE= & Mesh
2 »3 WorldMatrixyt tt2oz 24 3 o Qx¥x 2oz HEolth WorldMatrixz} Fojxd
Position - Rotation - Scale® .t} A3ttt Z= 204+ Materials vi8 2] =417} MateriallDo] 3, Bindings
T R[EAE o3 £59=2 MaterialDE dA%H Texturess <wA/tiE  BaseColor, Normal,

o

=
=]
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Roughness, Metallico] ™, Shader+= Roughness®] G zid 3} Metallice] B 18-S ¢]+=t}.

Fx= 1. StudioBY scene.yaml &3

Objects:
— Name: "StudioB_0"
Position: [0, 0, 0]
Rotation: [0, 0, 0]
Scale: [1, 1, 1]
MeshPath: "-+/meshes/SM_ModularKit_01_Floor_20x20_48f18c0dbc.fbx"
ShaderPath: "Shaders/main.hlsl"
Roughness: 0.7
Metallic: 0.0
WorldMatrix: [0.0, 0.0, 1.0, 0.0, —1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0]
— Name: "StudioB_1"
UseMeshlet: true
Position: [0, 0, 0]
Rotation: [0, 0, 0]
Scale: [1, 1, 1]
MeshPath: "-+/meshes/SM_ModularKit_01_Floor_20x20_48f18c0dbc.fbx"
ShaderPath: "Shaders/main.hlsl"
Roughness: 0.7
Metallic: 0.0
WorldMatrix: [0.0, 0.0, 1.0, 0.0, —1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 600.0, 0.0, 0.0, 1.0]

HE 2. StudioB9] textured_materials.yaml &3]

Materials:
— Source: "---/MI_Black_Glossy_Pattern"
Textures: ["--+/tx_77efedce---.png", "---/tx_0d0d4cle---.png",
".../tx_f855e078---.png", "-+/tx_{855e078---.png"]

BaseColor: [1, 1, 1, 1]

Factors: [1, 1, 1, 0]

UVU:
1.0, —0.0,
1.0, —0.0,
1.0, —0.0,
1.0, —0.0,

oo oo
o O O O
2 =22 =

[0.0, 1.0,
- [0.0, 1.0,
[0.0, 1.0,
- [0.0, 1.0,
TexCoordSets:
Visual:
blend_mode: 0
unlit: false
effect_kind: 0

cutoff_or_fade_m: 0.5

—_— o O O O
oS O O O
O = e

0, 0, 0, 0]

0m
082
2
o
S

2

3

m
0B
Jo




20061 SHAFES) EEE I swdsta A%e 3

Bindings:
— Object: "StudioB_0"
Slot: 0
MateriallD: 0

ExpectedOriginalMaterial: "MI_Wood_Planks"
— Object: "StudioB_1"

Slot: 0

MateriallD: 0

ExpectedOriginalMaterial: "MI_Wood_Planks"

Metallic: 0.0
WorldMatrix: [0.0, 0.0, 1.0, 0.0, —1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 600.0, 0.0, 0.0, 1.0]

AZ ANZFSE 155 MSE A3ke &= ojof st Z »E 1Eo] Meshlet A4S vlg] HA{3H0

FBX ZX. Autodesk FBX SDK$] importer® Scene< ¢]1 =E=E AAZHSZ =335 H Mesh ==&
A gth == W3k} geometric transforme A YA S, 1 IAX PHF=Z NormalS HE3o}

43 1A 29 AR

HE Fx o meshopt_generateVertexRemap O & £A4do] 9A3] e FE AHS 3o 1A A& A
o= F7F2 meshopt_optimizeVertexCache$} meshopt_optimizeVertexFetchE #}-83}al, MS+= remapgt
A8 HH3} Meshlet 918 ~2 AHg3T)

4.4 Meshlet 7+2: meshoptimizere] 87 &9

Meshlet-& Sub-Meshr}t} Z= DA A 3 ¥ WEC A3

S AH 647), 42¥ 1247), cone weight
= 00]tH2]. AF&3F meshoptimizer <=9 UH3} FHe F 59 #rh

¥ 5. meshoptimizer &5 ¢&HI} &7

A 32
1. st Axk meshopt_buildMeshletsBound
2. Meshlet ¥3 meshopt_buildMeshlets
3. ZAA Ak meshopt_computeMeshletBounds

Meshlet #lZ =+ VertCount, VertOffset, PrimCount, PrimOffset Y] 7§<¢] uint(16 B)o]t}. Local Index
d-e AZguitt Meshlet E Ad WHE 371 1vlo)| ER A Asta 28 48lo]|E Ao W&o F
72 A CPUZ} 8|8 GPU HE3l= A59 Wy g4 & 63 2o

¥ 6. CPU A& w27 32

22 7] ulﬂ
Vertex 52 B Position, Normal, UV0, Material &%, UV1, UV2
Meshlet 16 B AR e 9T A
MeshletBounds 48 B Bounding Sphere®} Normal Cone
InstanceData 64 B 2 4= g4
ObjectConstants 256 B ViewProj, 7}elg}, =9, S126lx oI A A% HH 67)
Material @ FZ= 192 B Texture Descriptor 47l, BaseColor, A%, UV ®¥3} Z g1
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o
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AS payload [ 132 B [ AS7} MSell d7]1= Q=8> W5 1719} AJE Meshlet Y15 o] 327

4.5 AS9} MS Aot

CPU= MS &l tisl DispatchMeshE &3t} AS+= 32-thread Thread Groupel™, L& IDe y7}
Sl~H~E x9} 29 & HZ7} MeshletS A3ty Z+ ~g == 27| Meshlet®] Bounding Sphere Z41&
4T FH3E ¢ B HS, SR 9= P 35 Aol HUFS Fl =2 JI& FH, A 89 o]
shuet e FolW 1 Meshletg A A3F o}

=

n;-c,td <—r, i=1,....6 2] 8
A71A n;$F d;= E 69 ObjectConstantsell @71 AFA HW ;o HH WAL u, -c,+d, =09
Normal® <F3te]th. Normale AFA| FES et o9 WEo|Bng, i 7 TAH HH Abo]9
T35 e At 7, v folA & HEE 7 WA Fo|th weEtA, o= 3 HHAgE o] ATt
—r, BT 2o F AA|7t AFA v ok Arobgde Meshlet ¥15+= InterlockedAddZ payloade] =
oM, AS= 1 F%EF MS 1FS A3stth. MS+= 128-thread Thread Groupelx, Add &8 Z7|= 4
A 647) - A2 12871, SetMeshOutputCounts &% & ZF ~# =+ Unique Vertex Index@ ¥& A3
< ¢o] W& - =¥3tal, Local Index 3702 A24E S =3t

r&'ﬂ

4.6 Yo Hdd
T AR+ 39| Root SignatureE &-F3HtH22]. Root Signatured] 42 & 73 Zth

¥ 7. Root Signature 74

g A~ H A ks

b0 ObjectConstants Root CBV

t0 ~t3 Vertex, Meshlet, Unique Vertex Index, Local Index Array Descriptor Table
t8 MeshletBounds Root SRV

t9 InstanceData Root SRV

t10 Material @l Z=(192 B) Root SRV

t11 A2l x-EFH Material 1% Root SRV

s0 Sampler Sampler

4.7 Materialz} Ajo]33

Texture$} Normal. Textures= stb_imageZ RGBA8e| t]Z W3] mip 1%HAl 2] R8GEBSAS_UNORM A}4lo
2 23t Albedo= Mot A sRGB W3 =2 A3 3}s)al, Roughnesss= G 2, Metallice= B 2@
o Material Al+E& #3 A=t

BRDF PBR. Alo]d =32 BRDF Explorer[30]el 4] Lambert - Blinn-Phong, Oren-Nayar[19], Disney[13]
228 MERL BRDF Database[18]¢] A= Material® wlas] =%ttt Lamberts 7Faate]7F 34 o) F a1,
Oren-Nayare= AZA7)S wkgsx 9t grazing retro-reflectione] ¢F3lt}. Disney diffuses= A2 7)o whz}

7VEAE] BRARES 0.5~25M 2 2H-s] A= 7bA 7173, Metallic-Roughness TextureS IthE &

T AATH
AH z=w 2. #=F Pixel Shader®] BRDF f& 2 9¢} #o] Disney diffuse 31313} specular &

! 2 RE
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F-D- Ve &olty. F= Schlick Fresnel[17], D= GGX #X[14], V+ Masking-Shadowing &4 G& &
Edn - )(n - v) F2 =o] A3 Smith GGX 7FAIA &oltH15]16131]. [ FY W3, ve A4, «
& Normal, &= normalize(l+v)= 3= WE, & roughness, m< metallic, o =01t} Fp,< grazing

Zkw o] diffuse RHAVEE AFFE 7P E WA sta, £ T3 A sAEEIES 004, 55

baseColon)e]th. &4 diffuse WA} Ilo B2 cppol (1—m)S& Foh ZF &2 2] 10, 113 2o}

FU0)= S (14 (Fpgy— D=1 - 1)1+ (Fpog— 1)1 —n - o))+ F- D~ V 49
2
Fpoy=05+2:( - h)’ F=F,+1—F)1—v-h)?° D= e = 410
-8 —1)+1)
caig= base Color (1—m), Fy = lerp(0.04, baseColor, m) 2] 11

Ve 2 129 Smith GGXZE ALYt u, = saturaten - 1), n, = |7 - v]+10 %0]},

S:n,\/az-f—(l—az)nf-i-nv\/az—f-(l—a/z)nlz, V= 2_S’S>0
0, S=<0

4 12

4.8 PSOS} 18]7] &4

[A9} MS Z}7} opaque - alpha - additive8 PSOE Fol % 6%< vwg FF%cH24l 1A PSO= Input
Layout¥} VSE&, MS PSO= ASe} MSE 2™ Pixel Shader - Root Signature - Render Target 3412 Zt}.
Z PSO°| 742 & 8% Zth

¥ 8. PSO +4
PSO Color Blend Depth Write
IA-MS opaque Off On
IA-MS alpha SrcAlpha / InvSrcAlpha Off
IA-MS additive SrcAlpha / One Off

49 =¥ Y T=9% GPU A=

FrameResource 37§7} Command Allocator, Constant Buffer, Timestamp Readback, Fence %< %of
+=%3}l3, Back Buffer 27l= EEZ 3%t g £%9 Fence ¢5E &<lgk Holvk Constant
Buffer¢} Allocatorg AjAHE-3tM[23], AMS A3 wuitt Hx di7]& ¥A &erh & =g e 43
TAE e 2

1. & FrameResource% 123 FHQ3sH Fence 455 7|gdTh
2. Zhvlet - AFA BWE - C- :/_% el-g 784138k3 Constant Bufferg <&t}
3. Clear & E%4 %%% O%F Mg wet JA == MSE 7] 53ta, Depth HA & B £5& 75

3ot
4. Timestampe} A F &l E resolvedtal A& - Present - signal$+tt.,
5. &2 €X%& v & W gsd Fu A2HE A zZy el -

SEE 2
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ID3D12GraphicsCommandListell &= Timestamp 470 S 7] 23t} g2+ Clear 24, ¢0-& Draw A&, ¢1&
Draw €&, ¢32 =9 #d ®H¥ Holw, 2ol 79 Timestamp Frequency® he AlZTo = wHi#Th
[20]. & A ¥= GPU Scene AlZHgl—g2)ol™ Clear?} =& Scene Draws %33} CPU 4] - Present
7= 2=t sto]=zgkel  EA  FHg[2112  Clnvocations - CPrimitives$}
[A-VS-AS-MS-PS A3 &5 Ak olet 7, Zedvitt dA [A-MS EE25 5, AF - 43
WA Al 1817] A SAIE 71 Sst] AEdt tiE AP EHA=A HSS

Y3} =4,

a9 82 3+ =g de] ID3D12GraphicsCommandListoll A u] Timestamp”F 71 &%= X 2 =4 F
S Ho Fth. F A #EQ GPU Scene A7 Clear A (¢2)FE wpA]|9t Scene Draw £ =(q1)7FA o]
, =9 A3 (g1~¢3)3 CPU 8] - Present t7]&= £3312 gt}

2 &

q2 q0 ql q3

PU EH| Scene draw Present

Clear
E5Y IA'MS > Depth St > &Y

s dg

HZ= signal

draw 512t = q1-q0 q3-q1

GPU scene AlZt = q1 - q2 (F X&)

a¥. 8. & ZH Y9 GPU B} Timestamp 7|15 4]
410 438 &A3 sivE B2

FHiEle $U8 5 IS By Ho 14 m/s, I Hd 90° /sZ =33 30 Hz
2 AT, BAE Fro El A2 % 9, Fx Wy A2 20EE B2 B9 2o

® 9. 4% &749 7= El 42 (TI'E1 3% 11/ &4, P Wdze)

37 Al S = S A9 A P | A= Helm) E 4
LV_Soul_Slum Soul: City 529 5,110,300 141.3 3,986
Highrise Shooter Game 390 1,894,664 957.6 26,580
Studio_D Virtual Studio 68 995,624 107.5 3,243
StudioC Virtual Studio 67 706,919 69.3 2,064
LV_Soul_Cave Soul: Cave 129 683,169 128.3 4,312
SunTemple Sun Temple 51 618,599 153.5 4,473
Platformer_StreetSection Platformer Game 191 573,783 362.3 8,953
TrackerlessStudio Virtual Studio 54 504,020 101.2 2,891
StudioA Virtual Studio 98 444,163 96.2 3,075
StudioB Virtual Studio 61 380,987 71.2 2,142
Sanctuary Shooter Game 13 108,775 694.3 19,926
5. A3}

5.1 7} g9

# 102 T13 El19 =

8

1ot
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¥ 10. T1'E1 X =4

o T1 A&7 24 8] El1 H= H7}
37 1178 AA(E 9) 1170 AA(E 9)
2670(IA, MS, A P, 117] =9 x 571(1A, MS, 4 P, A 7]
EIETAR=A=
IA-MS 7] MS 7]¥ K—Means) K—Means, MS 7]¥ K—Means)
HE(F3E) 8 8
Hlg = 80,938 81,645
=7 29 16,835,104 3,265,800
ZF rdle 2o AA AR BE 30 Hz +25 E71A AAsH, 2d A3 &A= ALA seedz= 4
I AR F AFEE= GPU Scene Alzkelth wbE®¥ A2 3AE #A o] vlwstar, 95% A0S 3
7 QoA ZZEE A EF 5= paired bootstrapl26]0.2 T3 Th o3t A& 7t Aol

52 F A=< 3H TFA4

FIASES

RAoltt. #AvT F TEE 2L 7
B W 3} TH1280 X 720, 921,6008 ). 11/ = &

=2

A% Hlue dAe F ARV e 339
2} - Scene - o]t 2 A Onlye2} MS Onlyll A &

KeX
=
g3l

F Depthe 2E HAlo|A bit G = %9}1 Geometry coverage #}o]= 0°]%lth. RGB= dF F =9
Al ZFE zbol7h AL, 8PAIE de LS Hd 806713 9] 0.0875%) A THE 1D.
¥ 11. Y 7= IA/MS 39 3}o]
3 RGB ¥+ } Depth 8 =3}
27 RGB = RGB 8 = A
° A 2}(0~255) A = = 4)
LV_Soul_Slum 0.035130 187 806 0
Highrise 0.017057 65 87 0
TrackerlessStudio 0.003041 76 15 0
StudioA 0.000495 4 0 0
Platformer_StreetSection 0.000391 93 8 0
Studio_D 0.000245 200 2 0
StudioB 0.000075 12 1 0
LV_Soul_Cave 0.000037 12 2 0
SunTemple 0 0 0 0
StudioC 0 0 0 0
Sanctuary 0 0 0 0
79 9% RGB Aol7t 714 AW FEe| F suolth

LV_Soul_Slum IA Only

Ms Only Z2 7to2iet Z& Ps

a¥. 9. RGB

5.3 Geometry & & wlo]=ZgQl A

0m
082
2
o
S

Z}ol 7} 743 FH¥ LV_Soul_Slum T7%=¢] IA Only(£2%)$}t MS Only(2
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&
o
=]

9

® 12. E1 Zo93 BT do|ZEd A

B
= 7=

¥ Bl A=tk

Tedy RE 72U go|xzgl EA HAY211E FHSFATHTL 1,133,132 9, E1 408,225
). Clnvocations= Rasterizere] =7} Primitive 4, CPrimitives= Rasterizer ©A41¢] Z& 5 AA=
A Y E Primitive St} E19] A= # 129 231, T19 A

Meshlet 4=
H-H ClInvocations IA W] ZAa CPrimitives o ° PS 213
Primitive

1A 1,127,736.7 0.00% 170,080.0 0 3,480,416

MS 200,082.6 82.26% 170,080.0 200,082.6 3,548,168

A P 638,432.8 43.39% 170,080.0 96,488.3 3,512,960

IA 7]¥ K—Means 635,829.2 43.62% 170,080.0 81,408.0 3,488,515

MS 7] K—Means 248,809.6 77.94% 170,080.0 180,766.5 3,480,500

AS ZA =& Rasterizer 4FS 1A the] 82.26% = A5k, Rasterizer @A 2] Z& F Primitive & Al
o]l A Btk F, ASe HF 9 GeometryE MR @31, Rasterizer’t ojztn] HPE

Geometrys F T@ANA v AHIH F5T 2 MS 7] K-Means7} MS Only®th Rasterizer o9
< 24.35% ¥ RUEdUE GPU A2 3.01% #skthe Aolth(5.54). weba|, Primitive F¥ro = 714

WE PHe 3% 5 gk
5.4 TL: Ael7) 2d 7)1 a9 va

TlolAd= A9 7] 117 2@ (Logistic, LUT, K-Means, &3t Hl€ Grid 4%, #4 ¥l$ Chunk 4%)vit
JA 7|2 -MS 712 AAMS T3, JA Only - MS Only - 24 P - A|¢k S ¢ 267 =S ¢ AR
oA 834 ZAPrHEAF 647504=H Q). ¥ 13 =ad Azoln, AA AR IAY FireH
95% T7he 12 103 2ok giEzFolA= MS Only7l 1A OnlyRth 13.94% ®ski, 114 P= MS Only:
o} 4.01% =%}

¥ 13. T1 29248 712 AAo MS Only H¥] GPU Scene A3t Zas

2 IA 7|2 MS 7% MS 7]#9] TA Ms_ 71%L A A
7| & djy] =3 34
Logistic —4.28% —0.28% +3.83% 1
LUT —5.05% +0.07% +4.87% 0
K—Means —1.96% —0.05% +1.87% 2
3 BE Grid 1 m —3.79% +0.13% +3.77% 3
T3+ ¥E Grid 2.5 m —2.23% +0.95% +3.11% 3
7 ¥)E Grid 5 m —2.56% +0.91% +3.39% 3
7+ ¥ & Grid 10 m —2.46% +0.83% +3.21% 2
4 9§ Chunk 1 m —8.05% +0.73% +8.12% 2
# 4 ¥]§ Chunk 2.5 m —6.71% +0.67% +6.91% 2
Z 2 ¥§ Chunk 5 m —11.10% —0.43% +9.61% 2
Z 2 ¥]& Chunk 10 m —4.63% +0.11% +4.53% 0
EEIVEm] 2AEEH IS
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a9, 10. T1 2670 229] JA Only tHE](£Z)-MS Only HHl(LE2%) / AA A2 §A 72E&37 95% o9&
HIE T/ FFHLE IA 718, =S MS 7]E / Legacy_MS_KMeans= A|¢t 49, StaticPE A Pt}

BEE EdA MS 7] Eo] [A 7| 2R 1.87~9.61% Wt 1A 7|& AL ZAVE £53 055 AR
FEE BE 2go] MS Only® ot 1.96~11.10% =%t ®¥td, MS 7|2 22 MS Onlyet —0.43~+0.95%
2pol2 95% TRtol RF 0& Ttk o2 tiFE 4A HFSe AT FHI}F jlo] MSE 1

AE R, AA E3d2 Bolof 37 BAHA dojykth. F9 K-Means 2 O & 2z 22 HA=E B
A mdoln, Ak Rdle 3849 HAE BEI mdoln

m

A MS 718 K-Means= IA Only thH] 15.99%, MS Only thH] 2.39%(95% 3t 0.88~3.82%) Al+&
29 267 = T U1 Wy, 73 AAVE 0Bt 2 §Yd 2o ATHRQ2). o] 2de 67 A
A AA E23e Yo, dAuig 1A Onlyet MS Only % 3tust V2 I8 1A 7|EARGE
1.33% wrsioh. mebA, o523 &7 @9o A= Addgo] ofygt 3tH ke IF EfOlA Y=t A
H2E Studio_D(+9.74%), StudioC(+7.85%), Sanctuary(+3.84%), Platformer_StreetSection(+2.41%)oll 4] ©]=
o] il TrackerlessStudio?t 1.72% =3 oH, o]= El19 37448 AHAIKE 16)3 2ot 4 MSE 533}
471 Ao ztol= £0.9% ol E A WE FEOIHFESF O). EldlA = 71 @3 1278 Pef, Al
293} Centroid7} 2 1A 712 K-MeansE ¥l thAo g A=t

o

Ao o4& FUE AF gAY 731 2,6947) 79 [A Onlyel MS OnlyR o} Z+zk 20% o]
3] RHEo BE Yo HAl E3o] dojd T2 67 $EY 9INATHE 14, 5 P
o] = Platformer_StreetSection 18~19% F7to =, 83 WhE B Fo|A MS thH] 24% o] &

E 14. At 2] A48 4 7

217 A 3
Studio_D 108 1

b

= ¥ T7HIA / MS tiHD)
12.04% 20~21% (29.99% / 27.49%)
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StudioC 68 9 13.24% 19~20% (30.95% / 31.60%)
Platformer_StreetSection | 298 10 3.36% 18~19% (51.15% / 27.32%)

StudioB 65 4 6.15% 51~52% (34.57% / 34.30%)

StudioA 102 2 1.96% 47~48% (29.53% / 28.77%)
TrackerlessStudio 96 1 1.04% 51~522 (21.56% / 22.68%)

Uz 57) 37 1,957 0 0.00% —

— IAOnly —— MSOnly —— Legacy MS_KMeans

GPU scene ms

<4 30

& 204
=3
10
ol T AHHH —— Ms CiH|
15000 £ 1.0
— frustum 0] P 35 — #5e
14800 - i
4 14600 -
o
K+ 14400 06 o
2 fo
i 14200 04

& 14000
13800 4
13600

—— |Adraw —— MS draw

188
TMEH ARt (s

2. 11. Platformer_StreetSection 18~193% T7r¢] A|¢t 2 & (Legacy_MS_KMeans) / Y€ GPU Scene
Nz, FEE A4S, frustum 3] P 343 C, AA IAMS E2$

55 El: At A9 7}

ElolA MS 7]# K-Means= WA S =2 JA Only thH] 15.83%, MS Only thH] 3.01% AlZFS &<, A
A7) 72d ZF FAdeA F HAE HARE 2T MY MS Hlwel 95% paired bootstrap T-ZHES
2.78~3.26%= A F3to] 0RTH ZTHRQ3). HHE¥ olyet FYaH pIlA=E 71 3k, 34 & 55
715l = MS thH] 2.32% W5k t}. Centroidel At3l7E 22 [A 71E K-Means® = 5.80% Zoh. HbH,
14 Pt A 71E K-Meanst MSHETF Z+ZF 3.87%, 2.96% =Ht} AA A= A ZAgL 13 12,
GPU At B = % 159 2.

SYHstn EE =R
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9. 12. E1 A A= FAY A E&H 95% 9HE ISE 731
¥ 15. E1 GPU Scene A7t ¥ (¥9 653,160Z# ¢, ms)
] RS At ETHA p99 CV(%) IA thH] MS thH]
IA Only 0.666 0.750 0.412 2.154 54.97 — —15.22%
MS Only 0.571 0.651 0.383 1.939 58.91 +13.21% —
A P 0.611 0.676 0.363 1.932 53.72 +9.85% —3.87%
IA 7]¥ K—Means 0.598 0.670 0.371 1.949 55.44 +10.64% —2.96%
MS 7]¥ K—Means | 0.55 0.631 0.363 1.896 57.56 +15.83% +3.01%
HHE ol e FAHYE 8/ ZIE Hdeo CVE Ro, At HAAAA 0.66~6.41%HATHFE-= A). S74E
A8 Fejeh A5 E 163 19 139 Uehda
¥ 16. E1 &7 MS 7]¥ K—Means®] A3 Feo} A5 (MS iy WhAE)
_ IA—MS /
3} A A3 & 2.3 g ol HlS H H
27 A3 HEy <3t T HE& IA tiH] MS diH] MS—IA A3
Studio_D AA =3 96.70% +15.56% +9.65% 361 / 351
Sanctuary AE IA 0.00% +0.11% +6.87% 0/0
StudioC AA =% 100.00% +6.87% +4.61% 262 / 255
StudioA AA =% 100.00% +5.20% +3.14% 235 / 240
Platformer_StreetSection | 2] &3t 100.00% +17.13% +2.11% 279 / 279
StudioB AA =3 100.00% +4.24% +1.22% 184 / 184
Highrise MS #A 0.00% +22.60% +0.70% 0/0
LV_Soul_Cave MS #A 0.00% +6.28% +0.04% 0/0
LV_Soul_Slum MS FA| 0.00% +39.31% —0.06% 0/0
SunTemple MS A 0.00% +16.22% —0.49% 0/0
TrackerlessStudio A A =g 100.00% +3.31% —2.27% 241 / 239
2o = l%‘ QFe] IA - MS BAl 32 671 A ANA #ZHAL, Fhe olFd WE =8 1F A$
2 [A-MS 1,5623], MS—IA 1,5483|HtHRQD. A3 AAF= HAA =29 o AF - A8 vy s)A
Adx=2 &9l o}oﬂlﬂr U 47) 42 VoA T3 SH7F glo] 344 MSE, Sanctuary= 8% 1A +
Aw dEsol Ay AR A5
SunTemple - 122 84 0
40
TrackerlessStudio +0.2 5.7 23
Studio_D - -0.5 +01 497
StudioC +20.3 75 46 20
StudioB +02 22 12
StudioA 0.7 1.5 31 Lo
LV_Soul_Cave -13 +0.0
LV_Soul_Slum -11.9 -11.9 0 a5
Platformer_StreetSection 4 +0.3 1.5 +2.1
Highrise 4 -12.1 -105 +0.7
-40
Sanctuary - +81 +6.9 6.
¢8I \<"°\I 'o‘;*l
& °<\t)o‘@ @L)Oé
%‘ke @27’(\‘1

0m
082
o
S
3
o
0
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9. 13. E1 7% MS Only dlH] GPU At Z4&(%)

202613 EA}ELY EP=E

5.6 o] 59| &3

3 ol HA A= Aol £H7F 1,602.40 ms T 53.2%= HH AR T3 Sanctuaryoll A, 40.2%
= AA EF 671 FAHANA Uskoh U A= MSe} v A o] e 739 HHE wFo|t

AA &3 67 B4 Faketd MS tiH] 3.79% ZrAth

MSs} v go] 22 47) 749 zolE 022 FH AA A& 2.82%t

AL Y wE FAELS 1.84~4.03% = UF 9\311:} SanctuaryS ™ 7}% 2o AL 1.84%=E
o]5o] 54 A sttelnt 7 A etk SFE o5 - EA TR 3 Jodes 19 149 Z:}‘:}

+r -Ir
m o
nz Jdn

" §

el
A ol

"b M

SunTemple

TrackerlessStudio 4

Studio_D 4

StudioC

StudioB |

StudioA 4

LV_Soul_Cave

LV_Soul_Slum

Platformer_StreetSection -

Highrise

Sanctuary -

-500 -250 0 250 500 750 1000 1250 1500

a2, 14. 3 A= AR GPU A7t &4 ms

5.7 =4 33} Tail Latency

TZF 53870 & MS 7]E K-Meanse= 64.68%| 4 MSET}, 57.43% 4 1A} MS &R} o}, dxlo]
HQe P F A8 AZE 25 SHTGROD. MSEY 3% ©o]d 11 772 16.17%9 3, 7HE & <4
S Sanctuary®] g8 5% FHMS tiH] Ho] —47.69%) AN A YERSTE o] 48 FAN HAE AR
ooz =42 [A-MS ME H]&o] olyet FHof utg} A7} E2]8] A= Scene EjolA ).
o 22 F4o g o] FYuitt A S Hlo|ZstA Y F AT FEOIHTA.
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20

SunTemple -04 -0.0 -01 -07 -0.5

TrackerlessStudio -103 477 +35 <79 +7.1 15

Studio_D +133 +52 +19 +2.0 +1.9

StudioC +7.0 +15 +05 +0.4 +0.6

StudioB -1.0 +54 +24 +7.1 +6.2

StudioA +20 +4.6 +4.9 +2.9 +37 Fo

LV_Soul_Cave -03 +0.0 +39 +1.2 +1.0

LV_Soul_Slum -06 +0.2 +1.0 +0.9 +0.3

Platformer_StreetSection -6.3 +7.0 +74 +6.7 +7.2

Highrise +0.7 +0.6 +1.0 +06 +0.9

Sanctuary +7.2 +4.7 +15 2.7 -8.0

- - - - -20
B2 p95 p99 p99.9 B

a¥. 15. E1 GPU ¥ EA44 MS UH] 4% %

Tail Latencyoll A= tiF-&2] 7o) QA=A 1170 874 F pdse= 970, p99= 107] FANA MSE
o} grgka, o] 2.27% =Y TrackerlessStudiox p95¢t p99:= 2zt 7.72%, 3.53% 7R = ich whA,
Sanctuary= H+ 6.87% 7143 A Hdl GPU Ajto]l B+ 7.98% Eo], Tail LatencyE 4 1 3ste=
Aelo® o tEg A7 Jtiad 15).

58 Ag A4 ¥l &

® 17 TlolA 4% By =y dsd CPU A9 H&3 PSO vijlYd <ot CPU A9 H|&& 54

45 -4 Fv) - A7) A AR Foln HE A2 Al 9)s T

E 17. T1 Ed =943 CPU A9 w83 PSO #HIF (us)

POS
g 54 I= wasal A7) A
]’ /\‘l‘)

IA Only / MS Only 0.00 0.00 0.00 0.00 4.32

aA P 0.00 0.00 0.00 0.00 5.32

MS 7]% ¥k v]§ Grid 2.5 m 0.00 0.00 2.11 2.11 4.43

MS 7]# 24 H¥]$& Chunk 2.5 m | 0.11 0.81 0.18 1.10 4.36

IA 7]¥ K—Means 47.45 0.00 6.93 54.38 5.58

MS 7]¥ K—Means 11.93 0.00 1.35 13.28 5.50

Baole A AEE AAH ALS AFE 8749 00] 239t A =& K-MeansE 4 Y3}
= TN A ZdUF 255 psHal, 4 MSU 47) A= C A4ty F28 AT MS 7]
¥ Grid -+ Chunk®] 3+ Hl%Ol 2 AL R A NA A MSE 47 WEol, 433 87
o B ZhZb 216 ws, 149 psth CPUSF GPU 3t HAE=E o] v &S GPU Azt BehA] &+
=

59 AF AENM A B==E9 W3

22 dAogE HAF ARV AE AZEDY 7Mer B2V 929 o599 ar|vt Egith
Studio_ D& V9] 6.28%14 E19] 9.65%Z ©]5°] AR, TrackerlessStudlot Vo] 15.34%°1 4 El19] —
221%% v AT 22 o QA= A2 wet Bol= 173 Material 740 E2HA7] wjwolH,
Bz g 45 A #3ES MSE vt ¥ 237 #wax A% e wWgo|tt ol 34 53 =49

2RE
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ARE W HAAZE olvet o AL 79 @9 E Uro] Hlo]AH o5& U MHFOE Fojd F 9]

= AART.
510 =9

OF HE3 EF vE OF 99 g avto g A mjAstE 1A 7B Agrjs A4 £ 23
o] AE A -PSO A - WA AFEi7F @2t MS AEHRT =HAN o] XolE AF HAEY A
g Aoz BAZ MS 71E K-Meanste F A& A2E w5 ok & MS 7] 7&1—% 2=
dof] Agstd BE RdoA JA ZERT wWgoy R SAHAA AFS FHE FEIF o] MS
AL v £ HEHG4HE). OF T ¥E Gride AF =do] MSE_E} 8y
TrackerlessStudiool A1 MS th®] 6.11~7.76% e}, 7o) wel wd& 12+ 34 o7} ot

Geometry %3} AlZ+e] #A|. ASE Rasterizer &S FA £0]X7H5.34), PrimitiveE © ®o] X
MS 7]¥ K-Means7} MS OnlyXt} wgit) JAe] st=¢o] Instancing® B3 AR, ASe] A W],
Meshlet 3t B3 S5 A7t A Z&3st7] wzolth. webA, Geometry RO E AHste Al F3 R
o, A ASF ¥ S wolas e B AT HZol AAl GPU AlZbe ©f & wkg gt

3l A

ARG WA

H7t B9 F AFEE= Clears} Drawe] GPU Scene Al7tol® ™A - T4 - Al ZHo|E £
T A AZEE olUth AFE 3 FF/e GPUL 1280x720 i =olA FlFHAJ A &$ CPU
A% - LOD= =35} l Rt derie 34 53 mdojmn=g o Aoy GPUM

et

Hlo]Isle] ALl w3l e ZAqAHE Ad LAy =A
o] 7,5% AN E HEE xto(H T 0.70%)7F B=F ATH

6. A&

H =729 DirectX 12914 TA A EZ<¢} Meshlet HEZE sk }e] Rendererol] &3tx, $7duich ALA )
Wol s FRT =g Mesh 185W ARE W2 Flo]HE T o]zl e %éﬂ_agﬂ;u} AT H o
g 9o ¥ 189 #uh

¥ 18. I+ A& HE

Gl AE = =A
RQl &4 =¥ e 671 #ANA TA EF, TA>MS 1,5623]-MS—IA 1,548
5 O
o =gy A | ° 3] A3 Depth 3h¥ IX
=T 2ol MS 712l T1 267] BdA] MS 7]20e] [A 7]E tjH] 1.87~9.61%
7 L= 7 1__0 7 R . ~J.
RQ2 #73 S| 1A V1Rt W2k, MS | T T MS o] 2.399(95% %L;
Ae7)e] o]= | 7]® K-Meansit MS A o = e ORI T
as B8 O 0.88~3.82%)
S a8 Aes us oy E1olA IA WY 15.83%, MS WH®] 3.01%(95% 3+
RQ3 Al¢t A= o 2.78~3.26%) A, oA A8y »nd F §d, T
Centroid®] 1A 7]¥ K—Means®.t} 5.80% W&
2~-Tai = F3ke . A oFE: -2 = p99E
RQ4 = oTall Az SAHn 5% %L 9] 57.43%0°l A ooﬁiﬂ} & p95+ 971-p99
Latency A 107) 7oA MSHT} us-

4 Ads @Anin welad HARE WE SolBs Ayt A A& MS F&e BT A
T dde Aot 53], IF 9 HE&H A EF vEY AolE AT AR A EF ARte=w

] ZEE 2
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B MS 7]& K-Meanst @3 7225 F A8 Fd=2E0 2 GPU Ad<s R, U4 p99
M= 7H Ehth =S, PrimitiveE o Bl FFo] O Wit #FL, Geometry & 2K 7
H AZ H &S wlo)lTske H2ol Bede gt

o] A= Holu} IRT A2 Fouitt vl & HRE v 79 T AA A golzeglow 54
3 JM5AHS Hol Foh AE R AASE 24 7Y A2 Ado] Sceneo] @ wre w]o] o]Eo] &
2, 79 &9 53t &3 Hl& 7|6k s5 S HEtd o5& o 71& AV} 9;113}. 2 =EdA #53%

[-'>~
_?L
rTr ¢
5
rr
v

o5 117} 87 ¢] GPU Scene Alztel] tigh Zolw, AA AY FPSE vt=2 4k

b FYo 2 o] FYuitk MS 7|8 A S wolasta, ZiHert e
5 FH4& ¥]§ Chunk 7&& A3t 790 ot 1A7F E8siA= Scene(dl:

Sanctuary)®] &4& Y )

2. £ A% v & 76k Sl OF 99 vl o2l AA EF wiA Y vl8S SAHIAY BIste] wo]

E=3

3. 374 =d A™. A<k mdo] oFd 3+7(d): TrackerlessStudio)ol A &7+ vl & Grid7} wspd A=

Heo 2 oy Fonitt K-Means¢}t Grid 5 3tUE 128 7+2E HAF3oh

4. Tail Latency®t A& Aol He3 4 pI9 - HAdl AAES Ae 7]Fe] 93, A W=E Aolst=

3l 2H g Al 20 a3E HEI

5. A" w89 £ 22w 7] +AE AdsSte dix APeE C g5 - F8 - PSO Hijld

Hl&3 wjx] &35 e

6. WMol AFske} o] HE HAS - FF - HT - BES T ¥ FYEe =ETE TEo], & ¥
7 - GPU - g =l 22 dAa=2 87 53t 2d$ vEt) ST 953 0.5-56% 14 2do A=
o E g3}

7. A8 A Normal Cone $W Z, Depth 7|9+ 2T AY[7], Meshlet ©¢ LODIIS F7}sla

2 =24 AA=Z 1 2345 Frrgh
8. A AY ¥ T 1UA - FAY - hF BYLL TIY BAolA AA =z AL TEow
7o),

El MS 7]& K-Means®] HES A 202 Uit ZHd CVeE AR W& ZAdF HIE X33}
3, ZTE Ho CVeY 2L 7= HEE CVE ¥HE 44X & ¢ HH B 20 AF Aless £ Al &
FSTEE TASL 1Y Al Y

¥ Al. E1 MS 7|2 K—Means9 9% A+(%)

. _ Ze 7= U5 CV
7 =gl CV IFE BF CV T
=43k

SunTemple 32.44 0.79 2.28

TrackerlessStudio 51.76 2.34 3.34

Studio_D 33.83 2.99 6.00

StudioC 39.65 1.76 6.03

EEIVEm] 2AEEH IS
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StudioB 46.21 0.84 1.77
StudioA 40.66 0.74 7.05
LV_Soul_Cave 48.98 0.66 2.21
LV_Soul_Slum 62.33 1.01 3.40
Platformer_StreetSection 36.95 1.18 2.39
Highrise 29.82 0.75 2.45
Sanctuary 45.34 6.41 6.89
SunTemple - -03 03 18 06 06 -04 +0.0 +01
10
TrackerlessStudio 16 -42 2.1 26 1.8 =23 -04 -33
Studio_D
B!
StudioC
StudioB -
StudioA Fo
LV_Soul_Cave
LV_Soul_Slum -
L5
Platformer_StreetSection
Highrise -

Sanctuary

HE BT1 golza EA

& Bl T1 AANA =7 Zd A

2kl F

2

o,

¥ Bl. T1 =893 HF o=l 54 (Clnvocations WHZ<)

HpH . TA diH] Meshlet 4% s
e Clnvocations 2 R PS 213

IA Only 1,132,493.0 0.00% 0 3,469,642

4 9§ Chunk 1 m 794,147.9 29.88% 52,707.3 3,517,894

4 9§ Chunk 2.5 m 770,531.4 31.96% 54,058.4 3,517,990

Z 4 ¥]E Chunk 5 m 747,886.8 33.96% 55,714.1 3,513,917

4 v]§ Chunk 10 m 739,390.8 34.71% 55,855.2 3,540,264

Logistic 667,117.8 41.09% 82,516.9 3,493,727

LUT 658,395.1 41.86% 86,935.5 3,512,116

34 P 641,442.9 43.36% 97,405.9 3,497,236

IA 71 K—Means 638,527.9 43.62% 83,112.7 3,475,803

T2 HE Grid 1 m 630,232.6 44.35% 93,243.8 3,556,886

3 BE Grid 2.5 m 621,895.1 45.09% 91,283.2 3,544,226

&3zt H]€ Grid 5 m 610,926.0 46.05% 90,999.1 3,545,115

&ZF 1% Grid 10 m 603,001.2 46.75% 89,372.4 3,574,681

MS 7]¥ K—Means 249,603.7 77.96% 181,820.8 3,469,930

MS Only 200,175.8 82.32% 200,175.8 3,537,719

CPrimitives= & ®Hol A 170,201.52 24t

HE C 8743 MS v 448

EEIVEm] 2EHZSD
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#78 Pag sEgelrh

o] MS thH] Z3= BE 1% 13 Ath

&7t GPU AIZF 4oty 2" Cl- C2& T1 267
IA_-MS_ HFAF= TA 718 - MS 7]& A4 StaticP= 3124 P, Legacy_MS_KMeans+=
C3<& E1 Z#olm, 19 <ol KMeansE A 7]E K-Means, KMeans MS Default: A

i o

B4 - ¥ & < & & ) o
& s & ¥ A s ¢

¥, Cl. T1 #7%E MS Only WiH] At ZA

A
23}

e
379 ol +0.9% ol ATk

rlr rﬂa

Studio_D - StudioC - Sanctuary - Platformer_StreetSectiono| A ©]=

WS 8] GPU scene A1 245 %

, 19 Qe
do|t}, 1
dojt}. El

0%
@
oo 2
=
ucion H
cove =
Flatorn oo | e eea s s aa o om BSE s o | cos | wse | s | ess | ma | am ome || oms | wme s | s o
~~~~~~~ I B E N EEREENEBRNE
soncua {00 o “ " w o a0 s a 0s n i 2 " 20 ar 2 o 20 s 2 . 7 2
v ¥ T F 4 B < £ 5 < £ £ ¢
¥ & ¥ E &
a9, C2. T1 3734 IA Only
40
SunTemple - +6.5 +96 +162
TrackerlessStudio +57 +00 +33 30
Studio_D +61 +66 +156.
20
sudec _ o -
r10
StudioB +32 +09 +42
StudioA - 15 +06 +52 Fo
LV_Soul_Cave
-10
LV_Soul_Slum
-20
Platformer_StreetSection
Highrise 230
Sanctuary
-40
=t IT DS
SE0stn 27 FH3E
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9. C3. E1 37 IA Only di¥] A3t 42E&(%)

22 D 8749 4% Beny

k

Dlol &4 = =d wetvHE 4.

¥ D1. 249 v g

ax P Logistic x}4= | LUT knot / 1A 7he
317 ° & " o K—Means MS 712 33
Threshold / L2 W& .
Centroid
SunTemple 7,296 2/0.1 9/ 1.0 8 o+ MS
TrackerlessStudio 15,660 6/ 0.001 9/0.3 16 A=2, =0
Studio_D 51,728 6/ 0.001 9/0.3 8 A=2, =1
StudioC 1,200 5/ 0.001 5/ 1.0 8 A=2, =
StudioB 33,904 5/ 0.001 17 /0.3 16 A=2, r=1
StudioA 47,304 5/0.1 5/ 0.0 16 A=2, =1
LV_Soul_Cave 42,188 2/ 0.001 5/ 0.0 16 34 MS
3,741,9 B
LV_Soul_Slum 98 6/ 0.001 17 / 0.0 16 34 MS
Platformer_StreetSection | 4,736 4 /0.1 17 / 0.0 16 A=2, r=1
Highrise 37,872 3/0.01 17 / 0.0 16 3 MS
Sanctuary 23,870 2 /0.1 9/0.3 2 A=2, =1

5 E A3 847 7z 4=

18 F9 59 A Renderer 1A Fx 3 (b) 7l A=
oe 44 =0 99 GeometryE A|Ag CPU Mesh £9olH, AZ A& B A
ot A& ALY =9 3tHo] ol He A9 FEE 1E A

3. E1. SunTemple: FZ A (%)Y v} =2 24 (LEF)

2

Om
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&
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m
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TrackerlessStudio
Route overview — top-down cutawa:
Geometry above 3.97m removed; all route heights shown

10
80
5
60
E
N
3 o
2
20
-5
0
-10
0 5 T 15 20
DX X (m)

3. E2. TrackerlessStudio: % 3H (%) iva FAZE ZAE(LEF)

Studio_D.
verview — toy
Geometry nove 3 56m removed o roste heights shown

10 100
80
, EIUEYE‘, onicAT <
-5
-10 0
¥, E3. Studio_D: X IJA(EF)F Jlvzl A2 2AZ(LEER)
% 50
‘- @
faxxm)
9. E4. StudioC: & HA(LF)H 7 B2 2R E(2LEF)
EETEm] ZEEISD

Canonical walking time (s)
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StudioB
Route overview — top-down cutawa
Geometry above 4.20m removed; all route heights shown

DX Z (m)

0
DX X (m)

%, E5. StudioB: FZ 3}H(PE)I JHvlE A2 ZAE(LEE)

StudioA
Route overview — top-down cutaway
Geometry above 2.15m removed; all route heights shown

H

4
DX X (m)

3. E6. StudicA: X 3H(YFH)H sHiEt A2 2AE(LEFH

DXZ(m)

-155 ~150 145 -140 ~135 -130 -125 -120
DX X (m)

a3, E7. LV_Soul_Cave: &% 31H(4F)Y FHvg A2 23R E(QLER)

120

100

Canonical walking time (s)
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LV_Soul_Stum

Route overview — top-down cutaway
Geometry above 4.02m removed; all route heights shown

100

DX Z (m)
Canonical walking time (s)

5

B o
DX X (m)

2. E8. LV_Soul_Slum: &% sA(L%)¥ izt 2 2Z=E(LEF)

250

200

oxZ(m)
nonical walking time (<)

20

o
XX (m)

9. E9. Platformer_StreetSection: #Z 3 (8&)d Jlvg &2 A E(LEZE)

Highrise
Route overview — top-down cutaway
Geometry above 9.02m removed; all route heights shown

z suu:;:.
=20
DX)?UHJ
I, E10. Highrise: #Z H(€%)7 v} =2 2R E(LEF)
EETESm] 2 BE Bty



2006 BFABES] EQwE

DXZ (m)
|

o] 2+ HHFE 3k, 1A Onlyet MS Only thH] A Eo] 242 20% ©]
o S =2t @7 ANE TE Tk TS AT e
ol mE maYe] Ha o]So] oty mE T BY A q@te
mlho] iTH28). ¥ F1& 3970 7t 7A|ch

¥ F1. A¢t 229 54 73

27 TFHE) IA / MS / £%(ms) IA tiH] MS ]
Studio_D 18~19 1.5384 / 1.4869 / 1.1646 24.30% 21.68%
Studio_D 19~20 1.5317 / 1.4920 / 1.1514 24.83% 22.83%
Studio_D 20~21 1.5374 / 1.4844 / 1.0763 29.99% 27.49%
Studio_D 21=22 1.4760 / 1.4541 / 1.0975 25.64% 24.52%
Studio_D DD~ 1.4192 / 1.4043 / 1.0356 27.03% 26.26%
Studio_D 23~24 1.3077 / 1.2796 / 0.9976 23.71% 22.04%
Studio_D 36~37 1.4436 / 1.3870 / 1.0744 25.58% 22.54%
Studio_D 52~53 1.6758 / 1.5840 / 1.2371 26.18% 21.90%
Studio_D 53~54 1.6109 / 1.5166 / 1.1842 26.49% 21.92%
Studio_D 54~55 1.5452 / 1.4438 / 1.1002 28.79% 23.79%
Studio_D 55~56 1.4233 / 1.3581 / 0.9729 31.64% 28.36%
Studio_D RE=B7 1.2119 / 1.2017 / 0.8398 30.70% 30.12%
Studio_D R~ 1.1029 / 1.0987 / 0.7900 28.37% 28.10%
StudioC 10~11 0.9325 / 0.9552 / 0.7436 20.26% 22.16%
StudioC 18~19 1.1599 / 1.1833 / 0.8284 28.58% 29.99%
StudioC 19~20 1.0560 / 1.0660 / 0.7292 30.95% 31.60%
StudioC 20~21 1.0389 / 1.0416 / 0.7461 28.18% 28.37%
StudioC 31~32 1.3745 / 1.3541 / 1.0678 22.31% 21.14%
StudioC 60~61 0.8706 / 0.8737 / 0.6311 27.51% 27.77%
StudioC 61~62 0.9888 / 0.9437 / 0.7235 26.83% 23.33%
StudioC 63~64 1.2669 / 1.2534 / 0.9734 23.17% 22.34%
StudioC 64~65 1.0179 / 0.9643 / 0.7499 26.33% 22.23%
Platformer_StreetSection | 4~5 0.6666 / 0.5830 / 0.4612 30.82% 20.89%
Platformer_StreetSection | 7~8 0.6272 / 0.5538 / 0.4210 32.88% 23.98%
Platformer_StreetSection | 8~9 0.6569 / 0.5718 / 0.4360 33.63% 23.76%
Platformer_StreetSection | 9~10 0.6189 / 0.5461 / 0.4285 30.76% 21.53%
Platformer_StreetSection | 14~15 0.6431 / 0.5460 / 0.4220 34.38% 22.71%
Platformer_StreetSection | 15~16 0.6361 / 0.5378 / 0.4188 34.15% 22.13%
Platformer_StreetSection | 17~18 0.4670 / 0.3937 / 0.3081 34.02% 21.75%
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Platformer_StreetSection | 18~19 0.4072 / 0.2737 / 0.1989 51.15% 27.32%
Platformer_StreetSection | 19~20 0.3755 / 0.2332 / 0.1843 50.92% 20.99%
Platformer_StreetSection | 295~296 0.5936 / 0.5888 / 0.4701 20.82% 20.17%
StudioB 32~33 0.4209 / 0.3750 / 0.2939 30.17% 21.61%
StudioB Bil=H2 0.5357 / 0.5335 / 0.3505 34.57% 34.30%
StudioB 53~54 0.8800 / 0.9142 / 0.6366 27.66% 30.36%
StudioB 54~55 0.8334 / 0.8575 / 0.6248 25.03% 27.14%
StudioA 47~48 2.0305 / 2.0087 / 1.4309 29.53% 28.77%
StudioA 48~49 1.9494 / 1.9258 / 1.4399 26.14% 25.23%
TrackerlessStudio 51~52 1.6320 / 1.6556 / 1.2801 21.56% 22.68%
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