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e CEDEC 2016 Dtvi 3> DEEIZHEYFEST A, AiEZER TLVETHRIL
RIGHEBHIZGS>TUVET

o TEUV—UDBMO/DNOHET—LFHEIZIGEALTHES., ELVSDHLES
BIOBEICHEYET

o FNOtLylaliGDTENGYDHHERMBERNHET
o mxIEBR deferred shading MESHEBET HMEI>TLNSL AL

o RIARIINEEZRARALET



About Us

Seiya Ishibashi
(@i_saint)

e Tokyo Demo Fest MEEF—.L
o MEXRS—LESHUEOM, SEIK TDF ELTEE
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1. BIEIDHI5LN
2. 64k intro HI{EADZE AT E (Zavie)
3. 7 —LEH1IE~DIGA (i-saint)




Agenda

1. BIEIDHIGL
2. 64k intro fl{EMNBFAT=Z_E (Zavie)
3. 7 —LEH1IE~DIGA (i-saint)




gIElIDH IS0

o HIEIFTEL—UIZDWTELLLIBIL. 4kintro DIEYFIZ DT KR
HBICEEERLELL:
o https://onedrive.live.com/view.aspx?resid=61562C8AE88D716B!4355

o SEIDEYIIVIILUA)TIZIKST-ZNRIZIE>TEHEY . Raymarching
[CBROTHIBIORNBZESHLWLET



https://onedrive.live.com/view.aspx?resid=61562C8AE88D716B!4355

gIElIDH IS0

e 4kintro=4KB M exe IZ&DTE

o REDFIBMORIIVERWGELMFHFRGELUA) T FENILALGN
%

e Zn M Distance Function & Raymarching



Distance Function & Raymarching

o EEEMKZEED 4 AT 1HHET
o HEIFETEVEILII—HTHAIES

pixel shader




Distance Function & Raymarching

e ET/LIL Pixel Shader DHF THATRIEL., TNFA[FRIELTLK
o ZNETILDEFA Distance Function, AIfR{IEDTOEAM
Raymarching &FEIEN 5



Distance Function & Raymarching

Sphere - signed - exact

Box - signed - exact




Distance Function & Raymarching

Distance-aided ray marching




Distance Function & Raymarching

o THITERBENN/NSKEST-BETEZITEYS

o HLLFLEEYT—FRI#EBZAI-0TEUS

o SEEICEMLERERIIRELSLHZVLA, BLE+5
o ZDHEZETHEIEIIZHLTITS

o Distance Function M < * v—FEIE ITIECTARAE XK
o HHHHLELADEAEMD Sphere Tracing EFESRZES



Distance Function & Raymarching

—

o EIRERDHDILLARE

o RERMOXYZEENENARICOLI LI REDEREE

o LJELHVDIEIREHER

const float d = 0.001;

return normalize( vec3(
distance_function(p+vec3( d,0.0,0.09)) - distance_function(p+vec3( -d,0.0,0.0)),
distance_function(p+vec3(0.0, d,0.9)) - distance_function(p+vec3(@.0, -d,0.9)),
distance_function(p+vec3(0.0,0.8, d)) - distance_function(p+vec3(0.0,0.09, -d)) ));




Distance Function & Raymarching

o ERMNKRFELIDTIAT42TLFIHE
o Ray—&iR ODREHAMANBELAZRIEEIEIRGFNGEELRIRAIRE




Distance Function & Raymarching

o RYJUTIFELWVETILOESRHIEHREIZEIRTES

float soft_min(float dl, float d2, flecat r)
{

float e = max(r - abs(dl - d2), 0.8);

float subtract( float dl, float d2 ) float and( float dl, float d2 )

{ {
return max(-dl,d2); return max(dl,d2);

22

return min(dl, d2) - e*e*@.25 / r;




Distance Function & Raymarching

o JTUZI

float tglad_formula(vec3 z@)

{

& ANSY Wi i
0.94)%*2.0-z.xyzZ;

Z),mr,mxr)*1.;

z*=scale/clamp(dot(z.xyz,z.

Z+=p@;

¥

float dS=(length(max(abs(z.xyz)-vec3(1.2,49.0,1.4),0.0))-0.86)/z.w;

return dS;




Distance Function & Raymarching

float pseudo_kleinian(wvec3 p)
{
const vec3 CSize = vec3(0.92436,0.90756,0.92436);
const float Size = 1.9;
const vec3 C = vec3(0.0,0.0,0.0);
float DEfactor=1.;
const vec3 Offset = vec3(0.0,0.0,0.9);
vec3 ap=p+l.;
for(int 1=0;i<10 ;i++){
ap=p;
p=2.*clamp(p, -CSize, CSize)-p;
float r2 = dot(p,p);
float k = max(Size/r2,1.);
p *= Kk;
DEfactor *= k;
p +=C;
¥
float r = abs(@.5*abs(p.z-0Offset.z)/DEfactor);

return r;
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1. HIEIOEI5LN
2. 64k intro HI{EADZE AT E (Zavie)
3. 7 —LEH1IE~DIGA (i-saint)
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Professional and hobbyist programmer.

“What do you do on your free time?”
“‘Same as at work.”

Demoscene: making demos with Ctrl-Alt-Test.
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Ctrl-Alt-TestE E5T JL—7

e 64k intros (=64kB7ETE) #{EYET
e JNYUST—2A

o UK A2A

o -FEIZ. DR ALSH



64k intro: H - Immersion (2017)




64k intro: H - Immersion (2017)

B CAWINDOWS\system32hemd.exe

e )
Gp oo

= O #
1le(s) copied.
D:'

——brifﬂ H -Gmpr .
kkrunchy 0.23a4/as > radical exe packer
no symbol info present
preprocessing, filtering

(c) f. giesen 2003-2007
& reslicing

S

0 lTower than 0

acking [##############

run under Win9x
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B Mesh playground - 144s *
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B Mesh playground - 40s *




CUREER=E

1 B Mesh playground - 41%4s *
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TORAF: ~1013 13k

misc/shared: +20~25% (?)
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B Mesh playground - 2867s *




Bl -7 LTS AFHER




Bl -7 LTS AFHER




Bl -7 LTS AFHER




Bl -7 LTS AFHER

FILTSRAMERD AV 1: ~1174 13/ b
DAy 2 ~817 /3 k
E@@xw/’:& ~1461 /31 k
<>

7 ILTFIRWBEDTFHIRF v ~1370 18(F
HOTIAFr: ~592 /1\{k

misc/shared: +20~25% (?)




H A X[ZDU\T

H: Repartition of the binary size, 2017-04-28

Mesh/Texture/Scenes: misc/rest

3.2% ; ;
Scene: misc/rest Miges unexphaalngg
4.8% .69
Scene: Ruins
1.2%
Scene: InsideTemple Free
1.3% 0.5%
Scene: Boat Dekkruncher
599, 3.4%
Scene: City
3.3% ) Base
Texture: misc/rest 5.2%
1.8% ) _ Launch dialog box
Texture: Doric/lonicColumn 1.4%
0.9% Shader: seaSurface
Texture: ResearchVessel 1.6%
1.5% Shader: FXAA
Texture: MarbleWall/Floor 0.9%
21% Shader: volumetricLighting
Mesh: misc/rest 0.9%
4.6% Shader: finalCombinePass
0.3%
: Shaders: rest
Mesh: Submersible 5 A%
1.1%
Mesh: GreekColumn Camera data
1.2% - 21%
Mesh: ResearchVessel Variables data
1.4% 0.8%
Mesh: Statue
1.5%
Mesh: Artemision
1.8%

Mesh: PoseidonSeated

64klang2 + music

2.2%

19.3%



ERRIZDULNT

Size-codingldZL LY, NI, @EHLVTY,
But not very useful. :-)

So let’s talk about more useful things.



ERRIZDULNT

Ctrl-Alt-TestEEST IL—T
e 64k intros (=64kB7ETE) #{EYET
= UE4UnityPhoteshepMayamp3 -(

e JOS5T—2AN
o K2

= Very limited manpower :-(



ERRIZDULNT

Reduce iteration time:

Hot reload data!
Hot reload shaders!
Hot reload assets!
Hot reload code! \o/



ERLIZDULNT

Hot reload code:
e Parse array at runtime; include at compile time.

e [weakable values.

https://github.com/joeld42/Id48jovoc/blob/master/ld17 island/tweakval.h
https://www.gamedev.net/resources/ /technical/game-programming/tweakable-constants-r2731

e Interpreted C.

https://qgithub.com/zsaleeba/picoc

e Runtime recompilation.

https://github.com/RuntimeCompiledCPlusPlus/RuntimeCompiledCPlusPlus



https://github.com/joeld42/ld48jovoc/blob/master/ld17_island/tweakval.h
https://www.gamedev.net/resources/_/technical/game-programming/tweakable-constants-r2731
https://github.com/zsaleeba/picoc
https://github.com/RuntimeCompiledCPlusPlus/RuntimeCompiledCPlusPlus

TINYT 22T

Abuse your tools!



TINVTIZDNT
Visual Studio?

e Clever syntax highlighting.
e XML comments.
e Natvis.



#define ARRAY_LEN(array} (sizeof(arr sizeof{array[0]]))

Mumber of elements of a <

tically declared const array

I [ T )
g g0




TINYTIZDLVT
Have an error message?

e Output log to the IDE output.
win32: OutputDebugString()

e Include file location.

e Format it like a compilation error.

— Will appear in IDE console; double click will jump to
location.



TINYT 22T

Have an abstraction?
Graphic APl abstraction class?

Write a debug implementation.
— Insert a debug layer.



—\

H - Immersion
64k intro, 2017
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1. HIEIDHEIGLY
2. 64k intro fl{EMNBFAT=Z_E (Zavie)
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Pros:
o LEEBMDLEWHFNTERLGETILELEES
o RYIUR—XTIFHMLL\RIEMNTES

Cons:
e I —>&T% Distance Function TERIRTADIFEENH S
o MMENLHIMEMAKRE
o HEL



RYJVETILEDRTE

o I —>%T% Distance Function TRIRTADIFTEIENHS
o HR1)3IdETILE Distance Function ZBETESELSIZLT-LY
e Deferred Shading THMNILINIEEZIZATEE



RUIVETILEDRETE

e Deferred Shading DIFEZA T+ 7 [& G-Buffer [IZxLTiTHN5

o G-Buffer SREMTENIE—ELI=S4 T4V T PRACI IV MNMLIEEE
EIITED

e Raymarching T G-Buffer Z4E 3 NILKR )T UETILESTEEEN A
fE



G-Buffer 4 X

e Raymarching EARVTVETILTEERZ—HIEIVLENHD
e Raymarching [CIAE7Lz/ N5 A—241E ViewProjection 1751 AN o3 Hi AT &E

T piE = =FE—T

T T = d i A

floatdxd wview, proJ
floatd forward = -view[2].xyz;
float3 up = view[1].xyz;

float3d right = view[©].xyz;

oat focal_length = abs(proj[1]1[1]);

08t3x3 viewd3d = float3x3(view[8].xyz, view[l].xvz, view[2].xyz};:
float3d rcam_pos= float3(view[®].w, view[l].w, view[2].w);

float? cam_pos = mul(transpose(view33), -rcam_pos);



G-Buffer &£k

e Ray MfIEIZ ViewProjection 175%#+T Depth ZH H
e Pixel Shader @ Depth t H#EETH 1
o HLSL =& SV_Depth
o TIYNIA—LE->TEHHENELDUAEENHLIDTIEE
m 0.0~1.00r-1.0~1.0

floatd ray vp = mul(view proj, floatd{ray

float depth = ray_vp.z / ray_vp.w;



G-Buffer & ik T

e Normal
o BEBYBEMNMSKHDS

vec3 guess_normal(vec3 p)
{
const float d = 0.001;

return normalize( vec3(
distance_function(p+vec3( d,0.0,0.9)) - distance_function(p+vec3( -d,0.9,0.0)),

distance_function(p+vec3(@.0, d,©.9)) - distance_function(p+vec3(e.e, -d,0.9)),
distance_function(p+vec3(0.0,0.8, d)) - distance_function(p+vec3(0.0,0.9, -d)) ));



G-Buffer &£ Rk

e Albedo, Emission 7% &
o $FITRF-SI=HEFAL
o HULEWMGIZIHUCTERBIGEIZ



G-Buffer & f&
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Forward Shading D&

e Raymarching &E514 7420 % 1 Pass TITAILIBTERAT8E
e Depth/Normal Buffer GEZERENDiHE. ERD/N\VI7RHE
o Ray WNEATZIEEZEEIEL TS Pass TEWVEIT



Object Space Raymarching

e Intro MFB A Fullscreen Quad 1 MTETELUAYUT T3
o 1 20 Distance Function T&A TPz 4RIR

o T—LDGEZDHIKIEIFE
o T—LRAICO—VDEBEHRET HRLHD



Object Space Raymarching

e Distance Function #/\—Y &ML=z —F 120 R

e Bounding Volume &G A BRIV ETILED—VICERE
o Box, Sphere % &

o RUYJUVETILDOFERMEA S Raymarching




Object Space Raymarching

o ATTx/HLM Transform ZRMEH3
o Ray IZATTzHb®D Transform DE1THIZE#H TS
o ~S—LI>T> kT Distance Function ETI/ILDEEBEMNRIEEIZED




Object Space Raymarching

o NTA—ZIZLDMIRDZEIL
0 ITARLEDINGA—FRETN)I—23 7T




Object Space Raymarching

Bounding Volume Result



Raymarching Si& 1t

e Raymarching ®&7r 3 EFH
o Distance Function M
o Raymarching @ Step %
o 14 Pixel 1

o M 3DLBILTEFMNEKX



Raymarching &3i&1k

e Raymarching ®&7r 3 2R

o Raymarching @ Step #
o ¥#iE Pixel
o ZMD2OEHRBILIDIAEEEZAD
o ZhilZ—E=EZT L Distance Function WZEH->THEA T



Hierarchical Raymarching

o KFEBED/\vI7MLEMERIZ Raymarching $45Z&Th—4JL Step
HeiBod
o EfRIEEMD/\yI7 T Step # £ HIZ Raymarching
o EEBRED/N\VIFT,BBEEDHERZEIEHLT Step MDD
[Z Raymarching
o LREFIBEZIEREMNEYIRT



Hierarchical Raymarching




Hierarchical Raymarching

o FEEICEFIETD
o MEDETIIDGENALA, HERNENSGIDHAR R




Temporal Raymarching

o HIL—LIZHIFTT Raymarching §42&T 1 7L—LHT-YUD Step #
LY
o Step #7386 T Raymarching
o HIZL—L®M Ray D&% Temporal Reprojection LD D#E#E



Temporal Raymarching




Temporal Raymarching

o KRELGEREMNRIAHDIMN, REGRELH =
o HERMNRETDHFETEHIPTAEINELD
o Temporal Reprojection MFREIZLY Ray KNEET S

o IRER{TILIL Step MEZHIZT B, F—23>ITS5—HETREILT . Ray &
DLBIERIGE.. ERVLDRRMNDE



Conservative Depth Output

e Pixel Shader TH /1T Depth 19 53155 . Early Depth Test H 83
feE=nd
o EREINSB Pixel [IZ1 Pixel Shader ME-STLES



Conservative Depth Output

e Conservative Depth Output TZDR RmEHHEEERRTES
o D3D11 tHX Tt o7-1¥EE
o SV_DepthGreaterEqual / SV_DepthlLessEqual

e H 1 Depth [CAREXYS HI/ £A DHIEZEABND

e H AT Depth ZHALDD Early Depth Test #H%hIZTE3



Conservative Depth Output

o S EIMIBZA Depth [& Bounding Volume LY AT H(Z415
e SV DepthGreaterEqual TEEIENRADS
o RUTVETILLYRITHLEISICTNIETLYSIER



ZTDMEZLZNELNENTI=VD

ddx() / ddy() CTHEE*&EH

Normal &£ X [Z[&E % 6 [ Distance Function Z51E 3 2 HEHNH
BN, FOARXNEEIFETES

ZTDEETIEHRED L LA ELLY

o If# Pixel M Ray M5 Normal ARk
@)
@)

©)

float3 dl = ddx(ray _pos);
float3 d2 = ddy{ray pos):

-

loat3 normal = normalize{cross(dz, dl));



ZTDMEZLZNELNENTI=VD

o BINDEBRETLUAIVILTHIIL—LOIERERED
o Temporal Reprojection T#1EL DD Interlace TE R
o MRIEFFIZILENZELELD
o Killzone: Shadow Fall DT ILFILAVY—E—FTiEGNT=Fi&



ZTDMEZLZNELNENTI=VD

e Enhanced Sphere Tracing
o MercurylZ&BIREF %
B http://erleuchtet.org/~cupe/permanent/enhanced_sphere_tracing.pdf
o intro ATU=Y YT —LIZIFOOFRE
o PATRMEIZHES



http://erleuchtet.org/~cupe/permanent/enhanced_sphere_tracing.pdf

Enhanced Sphere Tracing

e Over-Relaxation Sphere Tracing
o Ray Z@BEXYZHIZEDD
o Sphere A —/N\—ZyTLEM =65 IERLTEEET




Enhanced Sphere Tracing

e Bounding Volume B\ =&k
o Distance Function @ Bounding Volume ZHE
m Sphere %5& Ray EDRERZT—HTROLN DX
o Ray & Bounding Volume EDRZEH%ETE
o XRZEmRMS Raymarching BA




ZTDMEZLZNELNENTI=VD

e Distance Function ZE/[IZH T L GEUETILEER



hinl

SR TY T2 EBELMETIL

o HBEHMTHEMmIENMNZL Distance Function 18 E
o =T3945I
e ZEFIIC Distance Function 47UV L GEMETILVERE
o Marching Cubes ;& PRI EILETILIELEE TER
o A{LlETILE Depth DAERAD/\YI7IZH A
o EfKSNBE Yt/ Raymarching WEZDZE BT
o HAEZMnT= Depth R4 R ELT Raymarching



hinl

BRI DY T EKBIEEETIL

o /D77y Step MTLWWERZFZIOND
o TETILIZCEK-TIIIEE Pixel HEHLEIFTES
o MNBRIIHAHMN. ERAMELLY
o HBEIETI/IERH EE
o AATHMETIVLIZESIAATEL Fullscreen Quad IZYIYEZ DI EH
Hb
B EOIRAATZDZEESICH>TIERHET H?
m CPU fiI Distance Function 5t&?



/72_A/\0)FE‘1 ].

Yadi'd

all

o RUIVETILEDEEIIRIRELATRE
o N—YRREIZKYHLIEEDHREDZH G =R TEE
o ITARLTNN—VYZEBULEOLETI—U%EE
o ITRRETHLEYFE(TES
o =1L ZHE:ME ORL—FA (XA ml#E
o RBFTMIGREIZENIETSERLANIL



/72_-1%’\0),75\1 1.

Yadi'd

all

RNEDEGT—21EE (Unity B7RD I
o https://qithub.com/i-saint/Unity5Effects



https://github.com/i-saint/Unity5Effects

At

A JLavIZfEnn -l

IEfi#9 5K (6TOEI ANIMATION)

"




Questions?



End

HYNESTIVELS !

Follow us: @ TokyoDemoFest



https://twitter.com/tokyodemofest

References

Tokyo Demo Fest

http://tokyodemofest.jp/2017/
https://twitter.com/TokyoDemoFest
https://twitter.com/TokyoDemoFestEN

Ctrl-Alt-Test

http://www.ctrl-alt-test.fr/
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kkrunchy
http://www.farbrausch.de/~fg/kkrunchy/
https://github.com/farbrausch/fr public/tree/master/kkrunchy

PicoC
https://github.com/zsaleebal/picoc

Tweakable values
https://github.com/joeld42/Id48jovoc/blob/master/ld17 island/tweakval.h
https://www.gamedev.net/resources/ /technical/game-programming/tweakable-constants-r2731

Runtime Compiled C++
https://github.com/RuntimeCompiledCPlusPlus/RuntimeCompiledCPlusPlus



http://www.farbrausch.de/~fg/kkrunchy/
https://github.com/farbrausch/fr_public/tree/master/kkrunchy
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https://www.gamedev.net/resources/_/technical/game-programming/tweakable-constants-r2731
https://github.com/RuntimeCompiledCPlusPlus/RuntimeCompiledCPlusPlus

Bonus slides (Zavie)
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H: Evolution of the binary size

Size (bytes)

64000

63000

62000

61000

60000

59000

58000

57000

56000

55000
3400 3450 3500 3550

Revision

e Sjze
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Size (bytes)

H: Evolution of the binary size

64000

63000

62000

61000

60000

59000

58000

57000

56000

55000
3400 3450

e Size

3500 3550 3600 3650

Revision




TINYT 22T
Syntax highlighting?

e Use meaningful colors.

e Make the invisible visible.

e Make the dangerous visible.

— Local/global, variable/function, class/namespace, etc.



TINYT 2D T

slvoid

<~ Namespaces-. .
(5t Da—F) Global!
SR gl } (BHVFHE)




