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dx dy mx my 0O pal rgba spr v h x4
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dx dy mx my 0O pal rgba spr v h x3
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(define-cstruct sprite-info
([ dx float] [ dy float]
[ hw float] [ hh float]
[ r wuwuint8] [ g wuint8]
[ b wuint8] [ a uinté8]
[ mx float] [ my float]
[ 8 float]
[pal uintlé] [spr uintlé]
[ h sint8] [ v sint8]))
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(define-cstruct sprite-info (make-cvector*
([ dx float] [ dy float] (glMapBufferRange
[ hw float] [ hh float] GL ARRAY BUFFER
[ r wuwuint8] [ g wuint8] 0
[ b wuint8] [ a uinté8] (* HowManySprites
[ mx float] [ my float] VertsPerSprite
[ 8 float] (ctype-sizeof sprite-info))
[pal uintlé] [spr uintlé] (bitwise-ior
[ h sint8]) [ v sint8])) GL MAP INVALIDATE RANGE BIT

GL MAP INVALIDATE BUFFER BIT
GL MAP WRITE BIT))
sprite-info
(* HowManySprites
VertsPerSprite))
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(define-cstruct sprite-info (make-cvector*
([ dx float] [ dy float] (glMapBufferRange
[ hw float] [ hh float] GL ARRAY BUFFER
[ r wuwuint8] [ g wuint8] 0
[ b wuint8] [ a uinté8] (* HowManySprites
[ mx float] [ my float] VertsPerSprite
[ 8 float] (ctype-sizeof sprite-info))
[pal uintlé] [spr uintlé] (bitwise-ior
[ h sint8]) [ v sint8])) GL MAP INVALIDATE RANGE BIT

GL_MAP INVALIDATE BUFFER BIT

GL MAP WRITE BIT))
(glDrawArrays sprite-info

GL_TRIANGLES 0 (* HowManySprites

(* HowManySprites 1ﬁ%ﬁﬁ‘“‘"~=ﬁﬁmﬁﬁﬁh VertsPerSprite))

VertsPerSprite))
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(define-cstruct sprite-info (make-cvector*
([ dx float] [ dy float] (glMapBufferRange
[ hw float] [ hh float] GL ARRAY BUFFER
[ r wuwuint8] [ g wuint8] 0

[ b wuint8] [ a uinté8] (* HowManySprites
[ mx float] [ my float] ‘Hmhhmhmi VertsPerSprite

[ 8 float] (ctype-sizeof sprite-info))
[pal uintlé] [spr uintlé] (bitwise-ior
[ h sint8] [ v sint8])) GL MAP INVALIDATE RANGE BIT

GL_MAP INVALIDATE BUFFER BIT

GL MAP WRITE BIT))
(glDrawArrays sprite-info

GL_TRIANGLES 0 (* HowManySprites

(* HowManySprites 1ﬁ%ﬁﬁ‘“‘"~=ﬁﬁmﬁﬁﬁh VertsPerSprite))

VertsPerSprite))

T

vecd sprd =
texelFetch(Sprites, ivec2 (0, spr), 0);
Color = rgba / 255.0;
gl Position =
thd{h * hw * mx,
v * hh * my,
0.0, 1.0)
* glRotate(6, 0.0, 0.0, 1.0)
* glTranslate(dx, dy, 0.0)
* glOrtho (0.0, 16*28, 0.0, 95*28, 1.0, -1.0);
TexCoord =
vec2 (sprd.x + ((h + 1.0)/42.0) * sprd.z,
sprd.y + ((v - 1.0)/-2.0) * sprd.w);
Palette = pal;
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(define-cstruct sprite-info (make-cvector*
([ dx float] [ dy float] (glMapBufferRange
[ hw float] [ hh float] GL ARRAY BUFFER
[ r wuwuint8] [ g wuint8] 0
[ b wuint8] [ a uinté8] (* HowManySprites
[ mx float] [ my float] VertsPerSprite
[ 8 float] (ctype-sizeof sprite-info))
[pal uintlé] [spr uintlé] (bitwise-ior
[ h sint8]) [ v sint8])) GL MAP INVALIDATE RANGE BIT

GL_MAP INVALIDATE BUFFER BIT

GL MAP WRITE BIT))
(glDrawArrays sprite-info

GL_TRIANGLES 0 (* HowManySprites

(* HowManySprites 1ﬁ%ﬁﬁ‘“‘"~=ﬁﬁmﬁﬁﬁh VertsPerSprite))

VertsPerSprite))

\1\\"—# ivec2 TexCoord uv =

vecd sprd = ivec2 (clampit (TexCoord.x), clampit(TexCoord.y)) :

texelFetch(Sprites, ivec2 (0, spr), 0); vecd SpriteColor =
Color = rgba f 255.0; texelFetch (SpriteAtlasTex, TexCoord uv, 0);

s . & float PaletteOffset = SpriteColor.r * 256;
gl Position = ivec2 PalCoord uv = ivec2( PaletteOffset, Palette )
vecd(h * hw * mx, vecd PaletteColor =

v * hh * my , texelFetch (PaletteAtlasTex, PalCoord uv, 0 )

out Color = Color + PaletteColor;
0.0, 1.0) —

if ( out Ceolor.a == 0.0 )
* glRotate(®, 0.0, 0.0, 1.0) disecard;

* glTranslate(dx, dy, 0.0)
* glOrtho (0.0, 16*28, 0.0, 95*28, 1.0, -1.0);
TexCoord =
vec2 (sprd.x + ((h + 1.0)/42.0) * sprd.z,
sprd.y + ((v - 1.0)/-2.0) * sprd.w);
Palette = pal; 28
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; Sprites : (~1 kb)
; Index

’ ->

; Atlas Location

; X Width

; X Height

; SpriteAtlas : (~10kb)
; X

; x Y

; ->

; Color ( 4-bit)

; PaletteAtlas : (~200Db)
; Index

; X Color ( 4-bit)

; ->

; Color (32-bit)

29
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One vertex is 40b

One sprite is 6 vertices

One sprite is 240b

One sprite @ 60 FPS is ~14kb/s
Intel HD Graphics 4000 supports
1,908,874 sprites at 60 FPS

OR

16 sprites per pixel

vs 32 per line on SNES



Multiverse
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Multiverse

(struct world (....))

(big-bang (world ....)
(on-tick world->world)
(on-draw draw-world)
(on-key world*key->world))

32



Multiverse

(struct world (player enemyl enemy2))
(define (world->world w)
(match-define (world p el e2) w)

(struct-copy
world w
[player (player->player p) ]
[enemyl (enemy->enemy el) ]
[enemy2 (enemy->enemy e2)]))



Multiverse

(struct world:paused (....))
(struct world:playing (....))
(define (world*key->world w k)
(match w
[ (world:paused ....)
(Lf (start-button? k)
cee.)]
[ (world:playing ....)
(Lf (start-button? k)

c.oe2)1))

34



Multiverse

(provide/contract
[big-bang/os

(=> (=> any) any)]
[os/thread

(=> (=> any) any)]
[os/write

; blocks until next frame

(-=>* (hash/c symbol? any/c) any)]
[os/read

(-> symbol? set?)]
[os/exit

(=> any) ])

35



Multiverse

(os/thread player)
(os/thread enemy)
(os/thread enemy)
(let loop ()

(os/read 'controller)
(os/read 'bullet)

(os/write 'gfx MEGA-MAN
"'sound BEEP-BOOP)
(loop))

3b



Multiverse

(let loop ([lhs-y (/ height 2.0)])
(define lhs-dy
(controller-ldpad-y (os/read* 'controller)))
(define lhs-y-n
(clamp min-paddle-y
(+ lhs-y (* lhs-dy speed))
max-paddle-y))
(os/write
(list
(cons 'lhs-y lhs-y-n)
(cons 'graphics
(transform #:d
(+ lhs-x paddle-hw)
(- lhs-y-n paddle-hh)
(lhs-paddle) ) ) ))
(loop lhs-y-n))

37



Multiverse

os/write blocking
os/read returns set



Multiverse

Interface
conforms to
Map-Reduce

and
Entity-Component-System
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(Sequential) Implementation

(define 0x80 (make-continuation-prompt-tag ) )

(define (run-process-until-syscall p)
(call-with-continuation-barrier

(A ()
(call-with-continuation-prompt
(A () (os/exit (p)))
0x80
(A (x) x)))))

(define (trap-syscall k->syscall)
(call-with-current-continuation
(A (k)
(abort-current-continuation 0x80
0x80))

(k->syscall k)))

40



Multiverse
(Sequential) Implementation

(struct process (pid k) #:transparent)
(struct os (cur-heap next-heap cur-procs next-procs))
(define boot
(match-lambda
| (0s cur-h next-h
(list) next-ps)
(os next-h (make-hasheq) next-ps (list)) ]
| (0s cur-h next-h
(list* (process pid now) cur-ps) next-ps)
(define syscall (run-process-until-syscall now))
(boot (syscall pid
(os cur-h next-h cur-ps next-ps)))1]))

41



Multiverse
(Sequential) Implementation

(define-syscalls (pid current)
[ (os/exit k W)
current]
[ (os/read k id)
(match-define (os cur-h next-h cur-ps next-ps) current)
(os cur-h next-h
(snoc* cur-ps
(process pid (A () (k (hash-ref cur-h id empty)))))
next-ps) ]
[ (os/write k id*wvals)
(match-define (os cur-h next-h cur-ps next-ps) current)
(for ([id*val (in-list id*wvals) ])
(match-define (cons id wal) id*val)
(hash-update! next-h id (curry cons wval) (A () empty)))
(os cur-h next-h cur-ps
(snoc* next-ps
(process pid (A () (k (void))))))]
[ (os/thread k t)
(match-define (os cur-h next-h cur-ps next-ps) current)
(define t-pid (gensym ) )
(os cur-h next-h
(snoc* cur-ps
(process pid (A () (k t-pid)))
(process t-pid t))
next-ps)])
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Enumerator

Play : Skill -=> Score



Enumerator

Play : determinisiicc Score



Enumerator

Play : Skill -=> Score

Score = Bool



Enumerator

Play : Skill -=> Score
Score = (0,1]
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Play : Skill -=> Score

Score = Real



Enumerator

Play : Skill -=> Score

Score = Score X Score
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Enumerator

Game : Level -> Play



Enumerator

Game : Level -> Play
b = bijection(Level, Nat)



Enumerator

Game : |l avel —> Play
b — biJ‘_ not "procedural” -...I, Nat)



Enumerator
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Enumerator

Game.Gen : Params -> Level



Enumerator

Game.Gen(Underwater, Easy)



Enumerator

Game.Gen(Underwater, Easy)

|

31



Enumerator

Game.Gen(Underwater, Easy)

81
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Enumerator

Series : Version -> Game



Enumerator

Series : Version -> Game

FIGHT RUN
HAGIC
DRIHK

ITEM




Enumerator

Series : Version —> Game
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Enumerator

Series : Version —> Game

Cloud egeeAttack E. Skil
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Enumerator

Series : Version —> Game
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Enumerator

Series : Version -> Game



Enumerator

Series : Version -> Game
Game.Gen : Params -> Level



Enumerator

Series : Version -> Game
Game.Gen : Params -> Level
Game : Level -> Play



Enumerator

Series : Version -> Game
Game.Gen : Params -> Level
Game : Level -> Play
Play : Skill => Score
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Level 3

En ume rator a.k.a. series, games, and Godel bijections




Now
You're
Playing

With




