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#lang typed/racket/base #1an,
(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)

typed/racket/base #1:
(require racket/flonun

(except-in racket/fixnum Fl->Fx Fx->1)

typed/racket/base
(require racket/flonun

(except-in racket/fixnun fx->f1 f1->Fx)

“Flonun. rkt" racket/match racket/math racket/match racket/math
“Flonap-struct. rkt") “Flonum. rkt” “Flonun. rkt”
(provide flonap-flip-horizontal flomap-flip-vertical p-transpe “Flonap-struct.rkt”

“flowap. rkt")
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flonap-z

flonap-cu-rotate flomap-ccw-rotate “Flonap-stats.rkt")
(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2

p faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan

(struct-out invertible-2d-function) Flomap-Transform

Flonap-transform)

faround fafloor faceiling fatruncate fazero Flonap->deep-flonap
(: Flonap-Flip-horizontal (Flonap -> flonap)) fae fu- fox fa/ fanin fomax ; sizing
(define (Flonap-flip-horizontal fm)
(match-define (flonap vs < w h) f) ; ; Z-adjusting
(define w1 (Fx- w 12)  Unary 1t
Cinline-build-flosap < w h (A (k x y ) (: flomap-Lift-helper : (Float > Float) > (flosp -> flonap)) doep-Flonap-emboss
(unsafe-Flvector-ref vs (coords->index ¢ w k (Fx- w1 %) ¥)))) (define (flonap-Lift-helper )
(define (Flonsp-Flip-vertical fm) (A (T : Flonap]) tical
(mstch-define (Flosp vs < w h) fu) (Rateh-define (Flomap vs c w h) f) dsep-Flonap-bulge-ripple
(define h-1 (Fx- h 1)) (Flonap (inline-build-Flvector (x c w h) (A (i) (F (unsafe-Flvector-ref vs ) i Comositing
Cinline-build-flonsp ¢ w h (A (k x y ) cwmy) decp-Flonap-pin deep-Flomap-pin
(unsafe-flvector-ref vs (coords->index < w k x (fx- h-1 ¥)))) (: flonap-Lift ((Flonun -> Real) > (flonap -> flonap))) deep-flonap-1t-superinpose deep-flonap-Le-superinpose deep-flonap-lb-superinpose
(define (Flonap-transpose o) (define (Flomap-1ift op) o oy <t -parispo dap lomp < nprimoss o lmp-c-sparoprs
eep-flonap-rt-superinpose deep-Flomap-rc-superinpose deep-Flomap-rb-superinpose
(match-define (Flomap vs c w h) fu) (Flonap-1ife-helper (A (x) (real->double-flonum (op ))))) P~ Flonap-rt-superinpose decp-flonap-re-superinpose decp-flonap-rb-superip
inline-bus . : deep-Flonap-v1-append deep-Flonap-vc-append deep-Flonap-vr-append
Cinline-build-flosap < hw (A (k x y ) (define faneg (Flonap-Lift-helper -))
(unsafe-Flvector-ref vs (coords->index c w k y 1)) (define fuabs (Flomap-Lift-helper abs)) deep-Flomap-ht-append deep-Flonap-he-append deeprFlonap-ho-appen)
. 4 prreheln (struct: deep-flonap (Largh : flomap] [z : Flonapl)
(define (flonap-cu-rotate ) (define fsar (Flonap-Lift-helper sar)) et
(natch-define (Flonap vs < w h) f) (define fasin (Flonap-1ift-helper sin)) #quard
(define h-1 (fx- h 1)) (define fmcos (flomap-lift-helper cos)) A ot oo
(inline-build-Flossp ¢ h w (A (K x y &) (define fatan (Flonap-Lift-helper tan)) Gl
(unsafe-flvector-ref vs (coords->index ¢ w k (fi- h-1 ) 7)) (define flog (Flonap-Lift-helper Fllog)) (natehdefine (lomap — 4 v 1) ars ()
(define (Flonap-cen-rotate fm) (define fnexp (flonap-Lift-helper exp)) (’“':‘ e (flomep - | s ) zfe
(match-define (flomap vs ¢ w h) fm) (define fmsqrt (flomap-lift-helper flsart)) (unless ("" = wzw = hzh))
(define w1 (Fx- w 12) (define faasin (Flonsp-1ift-helper asin)) Cerror.*decp-Flonap ) 3
i G Gex 9 B (deFine faacos (Flomap1ift-helper acos)) expected flonaps of equal dinension; given dinensions ~ex-e and ~ex-e” w h v zh))
fo-tLvectorref doosindex < w K y (Fre wt (define faatan (Flonap-1ift-helper atan)) (values argb-fa 2-fn)))
(unsafe-flvector-ref vs (coords->index  w k y (fi- w-1 %)) o e (: Flonap->deep-Flonap (flonap -> deep-Flonap))
Struct: invertible-2d-function ([ : (Flonu Flonum -> (values Flonun Flonum)] (define faround (Flomsp-Lift-helper round)) .
(struct: invert define fafloor (Flomap-Lift-helper £l (define (flonap->deep-Flonap argb-fi)
{5 ¢ (Flonus Flonus > (values Flonum Flonum))1)) (define fnfloor (Flonap-1ift-helper floor)) (natch-defing (Flonap . 4 x hy argb-fn)
(define-type Flomsp-Transform (Integer Integer > invertible-2d-function)) (define faceiling (flonap-Lift-helper ceiling)) » - G
e o S (define futruncate (flomap-1ift-helper truncate)) (o AR L RIORD)

Once upon a time in the Racket community...

ol whl
€1 1) (inline-build-flomap

(when (new-x x-min new-x))

(when (new-x . > . x-max) (set! x-max new-x))

2 adjusters

auh (: deep-flomap-scale-z (deep-flonap (U Real flowap) -> deep-flomap))
(shen (newy . < yomin) (set! yomin newy)) O\ Gk xy §) (F (unsafe-Flvector-ref vs1 (coords->index 1w 0 x )) (define (deep-flonap-scale-z dfm 2)
(when (newy . > . y-max) (set! y-nax new-y)) (unsafe-flvector-ref vs2 1)1 (natch-define (deep-Flonap argb-fn z-fn) dfm)
(x-loop (fx+ x 1)1 [(= 2 1) (inline-build-Flonap (deep-flonap areb-fn (it 2-fa 2))
felse o @ P > Real -> deep-flonap)
(y-loop (fx y 1)1)) (A (k x y i) (F (unsafe-flvector-ref vs1 i) (define (decp-flonap-saoothv-z dfn 0)

(Flonap-transforn fa & x-vin x-nax y-uin y-ax)] (unsafe-Flvector-ref v2 (coords->index 1 v 8 x y))))] (et ([0 (exact->inexact o)1)

K & xcnin xouax y-nin y-mas) felse (natch-define (deep-Flonap argb-fn z-Fa) dfm)

(let (Dx-nin  (real->double-Flonun x-min)] (error name (string-append "expected flonaps with the same nusber of components, * (define new-z-fn (flomap-blur z-fm 0))

Dxnax (real->double-Flonun x-42x)] "or a Flomap with 1 component and any same-size Flonap; * (deep-Flonap argb-fn new-z-fm)))

[y-nin (real->double-Flonum y-nin)] "given flonaps with ~e and e components”) ; deep-Flonap-raise and everything derived from it observe an invariant
[y—ma: (real->double-Flonum y-aax)]) RRE I ; when z is added, added z nust be 0.0 everywhere alpha is 0.0
(natch-define (flonap vs ¢ w h) fm) G flonap-Liftz (symbol (Flonum Flonum -> Real) -> ((U Real flonap) (U Real flomap) -> flonap)) [ (U Real flonap) -> )

(natch-define (invertible-2d-function f g) (t w b))

(define (flomap-1ift2 name )

detine int it (1 § (define (deep-flomsp-raise dfm )
ine (Floor ") p-Lift-helper2 nane (A (x y) Fx v (match-define (deep-flonap argh-fm z-fm) dfm)
(define int-x-nax (FL->Fx (ceiling x-max))) y
(define int-y-min (FL->fx (Floor y-min))) (define fm+ (flomap-Lift-helper2 'fa+ +)) (define alpha-fn (deep-flonap-alpha dfm))
(define int-y-max (Fl->fx (wmy 3 (define fn- (flomap-1ift-helper2 'fa- -)) (deep-Flomap argb-fn (fm+ z-fm (fms alpha-fm 2))))
efine fn/ (flonap-lift-helper2 'fm (define (deep-Flonap-enboss dfn xy-ant z-ant)
deine new-h (- int-y-max int-y-min)) afine fo/ (Flomsp-Life-helporz ‘fa/ 1)
(define x-offset (+ 0.5 (Fx->F1 int-x-nin)) (define famin (flonap-lift-helper2 ‘famin min)) Qet ([0 (/ xy-amt 3.0)])
(define yooffsst (+ 0.5 (Fx->Fl int-y-min)) (dofine famax (flonap-Lift-helperz *fanax max)) (define z-fn (Flonap-nornalize (deep-Flomap-alpha df)))
(inline-build-Flonap (: flonap-nornalize (flonap -> flonap)) (define new-z-fn (fx (flonap-blur z-f o) z-amt))
© new-w new-h (define (flomap-normalize fm) (deep-flomap-raise dfm new-z-fm)))
w-nin v-nax) > )
A Goxy D

(: deep-flomap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flomap))
(define (deep-flomap-bulge-helper dfm f)
et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->fl w)) 0.5))

(define v-size (- v-nax v-min))

(define-values (old-x old-y) (g (+ (Fx->F1 x) x-offset) (lets ([fn (fn- fn v-min)]

@ (Bx>fl y) yoffset))) [fm (if (v-size . = . 0.0) fm (fa/ fm v-size))])
(Flonap-bilinear-ref fa k old-x old-y))))1)) )
(define fadiv/zero

(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm
(inline-build-flonap

(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-:

pha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm]

Celse

Twh
A CxyD
(F (- ¢/ (fx->f1 x) half-x-size) 1.0)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))

(define alpha-fm (flomap-ref-conponent fm 0)) (deep-Flomap-raise dfm z-fm)))

(Flonap-append-conponents alpha-fn (fadiv/zero (flonap-drop-coponents fn 1) alpha-fm)1)) (: deep-Flomap-bulge (deep-flonap (Flonum Flonum —> Real) -> deep~flonap))

(define (deep-flomap-bulge dfn f)

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonum. rkt”

“Flonap-struct. rkt")

(provide flonap-flip-horizontal flomap-Flip-vertical
flonap-cu-rotate flomap-ccw-rotate
(struct-out invertible-2d-functio
transforn-conpose rotate-transig
Flonap-transform)

(: Flomap-Flip-horizontal (flonap

(define w-1 (fx- w 1))

(inline-build-Flonap

(define (flonap-flip
(match-define (flg
(define h-1 (fx-
(inline-build-f)

(define (flonap]
(match-definel

(inline-build

(define (flonaf

(define (flonap
(match-define
(define w-1 (fx
(inline-build-f1

(struct: invertible-:

(define-type Flonap-Trar

(match-define (invertible-2d-13
(invertible-2d-function (A: ([x

[GEE)
s (Dx :
(let-values ([(x y) (g1
€2 x y))))

(case-> (flonap

Flonun] [y ¥

> flonap)
(flonap Flomap-Transform Real Real Real Real ->
(define flonap-transforn
(case-lanbda
I t)
(match-define (flonap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w h))
(define x-min +inf.0)
(define x-max ~inf.0)
(define y-min +inf.0)
(define y-max ~inf.0)
(let: y-loop : Void ([y
(when (y . fx< . h)
(let: Yoid ([x
(cond [0x . fx< . w)

Integer 01)
x-loop Integer 1)

(define-

lues (new-x new-y) (f (+ 0.5 (F->FL ) (+ 0.5 (fx->F1 y))))
(when (new-x . < . x-min) (set! x-min new-x))
(when (new-x . > . x-max) (set! x-max new-x))
(when (new-y . < . y-min) (set! y-min new-y))
(when (new-y . > .
(x-loop (fx+ x 1)1
[else
(y-loop (fx+ y 1)1)))
(Flonap-transforn f t x-min x-nax y-min y-nax)]

ymax) (set! y-max new-y))

[(fm t x-min x-nax y-min y-nax)
(let (Dx-nin  (real->double-Flonun x-min)]
[x-nax (real->double-Flonun x-nax)]
[y-nin (real->double-Fflonun y-min)]
[y-nax (real->double-Flonun y-nax)])
(match-define (flonap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w b))
(define int-x-nin (F1->Fx (floor x-min)))
(define int
(define int
(define int

min (Fl->fx (floor y-min)))

-max (fl->fx (ceiling y-max)))
(define new-w (- int-

max int-x-nim)

max int-y-nin)
(define-valu o1- o ( 0 X

@ (Fo>F1y) y-offset))
(Flonap-bilinear-ref fn k old-x old-y)))1))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math

ypeu/nekec/bue
(requm Facket/flon
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“flowap. rkt")

“Flonum. rkt”
“Flonap-struct.rkt”
“flonap-stats. rkt") (provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z
grap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2

wabs fasqr fusin facos fatan fulog faexp fsart frasin fuacos fatan P P
Floor faceiling fatruncate fzero flonap->deep-Flonap
/ famin famax ; sizing

¢ flonap-nultiply-alpha flonap-divide-alpha)

i Z-adjusting
deep-Flonap-scaly oth-z deep-flomap-raise deep-flomap-tilt
-> Float) -> (flomap -> flonap)) deep-flonap-es
ind deep-flonap-bulge-round-rect

~bulge-horizontal deep-flomap-bulge-vertical

cwh) (A (D) (F (unsafe-Flvector-ref vs 1))))

onap -> flonap))) Fep-lomap-1c-superinpose deep-flonap-lb-superinpose

se deep-flonap-cc-superinpose deep-flomap-ch-superinpose

jeep-Flonap-ve-append deep-flonap-vr-append
- Flonap-hc-append deep-flonap-hb-append)

Le-flonum (op x)))))

nsion; given dinensions ~ex-e and ~ex~e” w h zw zh))
ues argb-fn z-fn
(: Flomap->deep-Flomap ( )
(define (flonap->decp-fl
(match-define (lomap _
(: deep-Flomap-width (deep-Flor nnegative-F ixnum)
(define (deep-Flonap-width dfm)
(define w (flonap-width (deep~Flomap-argb dfm)))
(with-asserts (Iw nonnegative-Ffixnun?])
-> Float) > ((U R
)
(: deep-Flomap-heig! p-flonap ->
(define (deep-Flomap-height dfn)
+ (U Real flonap)) (define h (flonap-height (deep-Flomap-argb dfm))
(with-asserts ([h nonnegative-Fixnum?1)
)
(: deep-flonap-z-min (deep-Flonap ~> Flonum))
(define (deep~flonap-z-min dfm)
(flomap-min-value (deep-flomap-z dfm)))
(: deep-Flonap-z-max (deep-Flonap -> Flonum))
(define (deep-flonap-z-max dfm)
(Flomap-nax-value (deep-flomap-z dfm)))
1wy fan) ¢ > (values i ive-Fixnum)))

ne (flonap vsI2 w2 h2) fa2) (define (deep-flomap-size dfm)

(values (deep-flomap-width dfw) (deep-flonap-height dfm)))
(and (= w w2) (= h h2)))
“expected same-size flonaps;

b

(: deep-flonap-alpha (deep-flonap -> flowap))

given sizes ex-e e wh w2 h2)] (define (deep-flonap-al

fine n (

or-ref vs1 1)

(unsafe-flvector-ref vs2 (coor Twox )]

[else

(error name (string-append "expected flomaps with the sane nuNgllbf conponents, *

“or a flowap with 1 conponent and an¥lbme-size flonap;

“given flonaps with ~e and ~e components")
€ D)
(: lomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name )

P per2 nane (A (x y) F x ¥
(define fme (Flonap-1ift-helper2 ‘fm +))
‘fa- )
(define fus (Flomap-1ift-helper2 'fs %))

(define e ifrepes o ) t t

(define
(define

(F- fn vomin)]
Gf (v-size .

(define fa- (Flonap-1ift-helper2

(: Flonap
(define (¢
(define!
(define
(lets (Lfn

tfn
)
(define fadiv/zero

0.0) fn (fn/ fa v-size))])

(Flonap-Lift-helper2 "fadiv/zero (A (x y) (if (y . =
(: Flonap-divide-alpha (flonap > Flonap))
(define (Flonap-divide-alpha fm)

(natch-define (flonap _ c w h) fm)

0.0) 0.0 (/ x YN

A CxyD
(F (= (/ (Fx>f1 x) half-x-size) 1.9)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-m))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flonap-bulge dfn )

(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base #lang typed/racket/base #lang typed/racket/base

(require racket/match racket/nath racket/flonun (require racket/flonun (require racket/flonun
(except-in racket/fixnum fl->fx Fx->f1) (except-in racket/fixnum Fl->Fx Fx->1) (except-in racket/fixnun fx->F1 fl->Fx)
“Flonum. rkt” racket/match racket/math racket/match racket/math
“Flonap-struct. rkt") “Flonum. rkt” “Flonun. rkt”
(provide flonap-flip-horizontal flomap-flip-vertical p-transpe “Flonap-struct.rkt” “Flowap. rkt")
flonap-cu-rotate flomap-ccw-rotate “Flonap-stats.rkt") (provide deep-flonap deep-Fflonap? deep-Flonap-argh deep-flonap-z
(struct-out invertible-2d-function) Flomap-Transform (provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2 p-Flonap- p-Flonap-height deep-Flonap - Flonap-
P p faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan P p-flonap-alpha deep-flonap
Flonap-transform) faround fufloor faceiling fatruncate fnzero flonap->deep-Flonap
(: flomap-flip-horizontal (flonap -> flomap)) fav fu- fox f/ Famin famax ; sizing

(define (flomap-flip-horizontal fm)

(natch-define (flomap vs c w h) fm)

i i Z-adjusting
(define w-1 (fx- w 1)) 5 Unary

1t
(inline-build-Flonap  w h (A k x y ) (: flomap-Lift-helper : (Float > Float) > (flosp -> flonap)) deep-flomap-enboss
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w1 x) ))))) (define (flonap-Lift-helper )
(define (Flonap-Flip-vertical fm) (A (T : Flonap]) i szontal tical
(natch-define (flonap vs c w h) ) (Rateh-define (Flomap vs c w h) f) deep-Flomsp-bulge-ripple
(define h-1 (fx- h 1)) (Flomap (inline-build-flvector (x ¢ w h) (A (i) (f (unsafe-flvector-ref vs i)))) i Coupasiting
(inline-build-Flonap c w h (A (k x y ) cwh)) deep-flonap-pin deep-flonap-pin+
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1 ¥))))) (: flonap-Lift ((Flonun -> Real) -> (flonap -> flonap))) deep-Flomap-it-superinpose deep-flonaplc-superinpose deep-flonap-1b-superinpose
(define (Flonap-transpose ) (define (Flomap-1ift op) deep-Flomap-ct-superinpose deep-Flonap-cc-superinpose deep-Flonap-ch-superinpose
P’ p-rt-superimpose P P iper impc P P iper impc
(Ratch-define (Flonap vs c w h) fu) Flonap-Lift-helper (A (x) (real->double-Flonum (op x
. . ¢ > per (A 0 € (op 202 deep-flomap-vl-append deep-flomap-vc-append deep-flomap-vr-append
(inline-build-flomap ¢ h w (A (k x y 1) (define fmneg (flomap-lift-helper -))
(unsafe-flvector-ref vs (coords->index ¢ w k y x))))) (define fabs (Flonap-Lift-helper abs) (tructs daop oy (o + o tr s o
(define (Flomap-cu-rotate fm) (define fsar (Flonap-Lift-helper sar)) P
(natch-define (flonap vs c w h) fa) (define fsin (Flonap-Lift-helper sin)) PR
(define h-1 (Fx- h 1)) (define fcos (Flonap-Lift-helper cos) O e
(inline-build-flomap c h w (A (k x y i) (define fmtan (flonap-lift-helper tan)) (A (argb-fn z-fm nane)
(match-define (flomap _ 4 w h) argb-fm)
(unsafe-Flvector-ref vs (coords->index ¢ w k (fx- h-1 y) X)) (define falog (flonap-Lift-helper fllog)) et o=y et
(define (flomap-ccu-rotate fm) (define fnexp (flomap-lift-helper exp)) y e ¢ o o
(match-define (flomap vs c w h) fm) (define fmsart (flomap-lift-helper flsart)) Cmlasa Gand (= w 20) (= b 28)
(define w-1 (Fx- w 1)) (define fmasin (flomap-lift-helper asin)) Cerror *decp-flonap
“expected flomaps of equal dimension; given dinensions ~ex-e and ~ex-e” w h 2w zh))
Cinline-build-Flomep ¢ hw (A (K x y ) (define faacos (Flonap-1ift-helper acos)) s ot
- - i, - (define fmatan (flomap-1lift-helper atan)) e
(unsafe-flvector-ref vs (coords->index c w k y (fx- w=1 x)))))) (: flomap->deep-flomap (flomap -> deep-flomap))
. fine faround (flonap-Lift-helper round)) :
struct: invertible-2d-function ([f : (Flonum Flonum -> (values Flonum Flonum))] (de N
G (define (flomap->deep-flomap argb-fm)
. (Flonun Flonun -> (values Flonus Fl (define ffloor (Flonap-Lift-helper floor))
[g : (Flonum Flonum -> (values Flonum Flonum))])) (match-define (flomap _ 4 w h) argb-fm)
(define-type Flomap-Transform (Integer Integer -> invertible-2d-function)) (define fmceiling (flomap-lift-helper ceiling)) eent1 ot ot o
o (define fatruncate (flomap-Lift-helper truncate)) Coep~Flonsp arsh-f3 (seke-Tlomsp | w h)))
¢ P i i s ) . B feep-Flonap -> Nonnegative-Fixnum))
(define ((transforn-conpose t1 t2) w h) (define fazero (flomap-lift-helper (A (x) (if (x . = . 0.9) 1.0 0.9)))) B o
(match-define (invertible-2d-function f1 g1) (t1 w h)) e ith (deep-Flomap-argb dfn)))
(natch-define (invertible-2d-function £2 §2) (t2 w b)) negative-Fixnum?ly
(invertible-2d-function (A: ([x : Flonum) [y : Flonum]) r2 : Symbol (Float
(let-values ([(x y) (f2x y)]) helper2 nane f) deep-flomap -> Nonnegative-Fixnum))
1 x ¥2)) ight dfm)
(A: ([x : Flonum] [y : Flonuml) feal flomap)] [f light (deep-flomap-argb dfm)))
(let-values ([(x y) (g1 x Y)1) lonnegat ive-fixnum?])
fn) (real?
&2 x ) fan) (rea
[¢ P (case-> (flomap P ~-> flomap) expected at 1§ (deep-flomap -> Flonum))
(flomap Flomap-Transform Real Real Real Real -> (let (Cfm z-min dfm)
(define Flonap-transforn deep-Flonap-z dfn))
(case-lanbda (deep-Flonap -> Flonum))
) 2-nax dfm)
(match-define (Flonap vs ¢ w h) ) deep-Flonap-z dfn)))
(match-define (invertible-2d-function f g) (t w h)) (deep-flomap -> (values Nonnegative-Fixnum Nonnegative-Fixnum)))
(define x-nin +inf.0) (Flonap vs2 c; -size dfn)
(define xomax -in.0) p-width dfs) (deep-Flonap-height dfm)))
(define y-nin +inf.0) (deep~Flonap -> flonap))
(define y-max inf.0) -alpha dfm)
(let: y-loop : Void (fy : Integer 01) ent (deep-Flonap-argh dfm) 0))
(when (y . fx< . by (deep-Flonzp -> flonap))
(let: x-loop : Void ([x : Integer 1) tor-ref vs1 1) p-rsb dfm)
Ccond [(x . < . w) Wosor-ref vs2 13 lonap-drop-components (deep-Flonap-argb dfn) 1))
(define-values (new-x new-y) (F (+ 0.5 (Fx->fL X)) (+ 0.5 (fx-> ;
(when (new-x . < . x-min) (set! x-min new-x)) inTine-build-Flonap i Z adjusters
(vhen (new-x . > . x-max) (set! x-max new-x)) @wh (: decp-Flonap-scale-z (deep-Flonap (U Real flomap) -> deep-Flonap))
(when (new-y . <. y-min) (set! y-min new-y)) (A (k x y i) (F (unsafe-flvector-ref vs1 (coords->index 1w 0 x )) (define (deep-flomap-scale-z dfm z)
(vhen (new-y . > . y-max) (set! y-nax new-y)) (unsafe-Flvector-ref vs2 1)1 (match-define (deep-Flonap argh-fm 2-fm) dfm)
(x-loop (fx+ x 1)1 e c2 1) Cintine-build-Floap (deep-Flomap argb-fn (fx z-fm 2)))
felse an e v Real -> deep
(v-loop (Fxr y 1)) O Gy 1) (F Cunsafe-Flvector-ref vat i) (define (deep-Flonap-sacoth-z dfn 0)
(Flonap-transforn fn & xcnin xcnax y-win y-100) (unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))1 (let ([0 (exact->inexact 0)1)
[CFn & xmin xomax y-nin y-max) [else (match-define (deep-flomap argb-fm z-fm) dfm)
(et (Denin (real->double-flonun x-nin)) (error name (string-append "expected flomaps with the same number of components, " (define new-z-fm (flomap-blur z-fm 0))
Dreomax (real->double-flonum x-nax)] “or a flonap with 1 component and any same-size flomap; " (deep-Flonap argb-fm new-2-fm)))
fy-min - (real->double-Flonun y-min)] "given flomaps with ~e and ~e components”) ; deep-flomap-raise and everything derived from it observe an invariant.
Lymmax _(real->double-flonum y-ma)]) EEESBIN ; when 2 is added, added z must be 0.0 everywhere alpha is 0.0
(match-define (flomap vs c w h) fm) (: flonap-1ift2 (Symbol (Flonum Flonum -> Real) -> ((U Real flomap) (U Real flomap) -> flomap))) « (U Real flomap) > )
(::ch'deﬁne (mve;:lb:erzz;fu"tllon e (twh) (define (flomap-1ift2 name f) (define (deep-flomap-raise dfm z)
int-x-min (F1->fx (floor x-min) P
e :n—wx Eg:;n m:ii)) > per2 nane (A (x ) & x (natch-define (deep-flonap argb-fm 2-fm) dfm)
~min (FL->fx (floor g,m,‘))) (define fm+ (flomap-lift-helper2 'fm+ +)) (define alpha-fm (deep-flomap-alpha dfm))
max (Flo>fx (wm: ieie (define fn- (flomap-Lift-helper2 'fa- -)) (deep-Flomap argb-fn (fm+ z-fm (fms alpha-fm 2))))
efine onap-Lift-helperz *fas % (: deep-Flonap-enboss (deep-Flonap Real (U Resl flomap) -> decp-Flomap))
(define new-w (- int-x-max int-x-min)) (def: fms (Flonap-Lift-helper2 ' N

efine fn/ (flomap-Lift-helper2 'f (define (deep-Flomap-emboss dfn xy-ant z-ant)
(define new-h (- int-y-max int-y-min)) (dafine fu/ (Flomap-lift-helperz ‘fa/ 1)

(define x-offset (+ 0.5 (Fx->F1 int-x-nin))) define fomin (Flonap-Lift-helper2 famin nin)) (et ([0 (/ xy-amt 3.0))

(define y-offset (+ 0.5 (fx->f1 int-y-nin))) (define famax (flonap-Lift-helper2 'famax max)) (define z-fn (flonap-nornalize (deep-Flonap-alpha dfm)))

(inline-build-flomap (: flomap-normalize (flomap -> flomap)) (define new-z-fm (fm* (flomap-blur z-fm 0) z-amt))
-fm)))

(: deep-flonap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flomap))

< new-w new-h (define (flomap-normalize fm)

(deep-flomap-raise dfn new

(vemin v-nax) o )

(A (k xy 1
A Goxy D (define v-size (- v-max v-min)
(define-values (0ld-x old-y) (g (+ (fx->fl x) x-offset) Qlets (Ufn (- fn v-min)]

(let O
(+ (Fx->f1 y) y-offset)))
[fm (if (v-size . 0.0) fm (fn/ fm v-size))]) lefine-values (w feep-flomap-size dfm
(flomap-bilinear-ref fm k old-x old-y))))1)) (oen Joes () Geep Mo o=
fm)) (define half-x-size (- (x 0.5 (fx->f1 w)) 0.5))
(define fmdiv/zero (define half-y-size (- (x 0.5 (fx->f1 h)) 0.5))

(define (deep-flonap-bulge-helper dfm f)

(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y)))) (define z-fm
(: flomap-divide-alpha (flonap -> flowap)) (inline-build-flonap
(define (flomap-divide-alpha fm) 1wh

(match-define (flonap _ c w h) fm) N Cxy i

(cond [(c . <= . 1) fm

(F (= (/ (Fx->F1 x) half-x-size) 1.0)
Celse

(- (/ (Fx=>F1 y) half-y-size) 1.0)))))

(deep-flomap-raise dfn z-m))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flonap-bulge dfn )

(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racke
(require racket/match
(except-in r
“Flonum. rkt”
*flomap-stru
(provide flonap-flip-
Flonap-cw-ro

flonap-trans
(: Flomap-flip-horizo
(define (flonap-flip
(match-define (flon
(define w-1 (fx- w

(inline-build-floma

(define (flonap-flip~
(match-define (flon
(define h-1 (fx- h
(inline-build-floma

(define (flonap-trans
(match-define (flon

(inline-build-floma

(define (flonap-cw-ro
(match-define (flon
(define h-1 (fx- h
(inline-build-floma

(define (flomap-cou-r
(natch-define (flom
(define w-1

(inline-buil

(struct: inver.

(define-type F
(: transforn-c
(define ((tran
(match-defin
(match-defin

(invertible-

(: Flomap-tran

(define flonap
(case-lanbda
I t)
(match-de
(match-de
(define x
(define x
(define y
(define y
(let: y-1
(when (

(let:
(co

(fLonap-transfor
[(fm t x-min x-na
(let (Cx-min (r

(define int
(define int
(define new-w
(define new-h
(define x-offs
(define y-offs
(inline-build-
 new-w new-h
A kxy D
(define-val

(flonap-bil

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math
“Flonum. rkt”

“Flonap-struct.rkt”
“Flonap-stats.rkt")

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero
fav fu- fox f/ Famin famax

5 Unary
(: flomap-Lift-helper : (Float -> Float) -> (flomap -> flonap))
(define (flomap-lift-helper f)
(A ([fn : Flomap])
(match-define (flomap vs c w h) fm)
(Flomap (inline-build-flvector (x ¢ w h) (A (i) (f (unsafe-flvector-ref vs i))))
cwh))
(: flomap-1ift ((Flonun -> Real) -> (flonap -> flowap)))
(define (flomap-1ift op)
(Flomap-1ift-helper (A (x) (real->double-Flonum (0p x)))))
(define faneg (flonap-Lift-helper -))
(define frabs (flonap-lift-helper abs))
(define fasqr (flonap-lift-helper sar))
(define fasin (flonap-lift-helper sin))
(define ficos (flonap-1ift-helper cos))
(define fatan (flonap-lift-helper tan))
(define falog (flomap-1ift-helper fllog))
(define frexp (flonap-lift-helper exp))
(define fasart (flomap-lift-helper flsart))

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“flowap. rkt")
(provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z

flonap->deep-Flonap
; sizing

i Z-adjusting

deep-flonap-emboss

izontal tical
deep-flonap-bulge-ripple

; Compositing

deep-flonap-pin deep-flomap-pin*

deep-flonap-1t-superinpose deep-flonap-

deep-flonap-ct-superinpose deep-flomap-cc-superinps p-Flonap-

p-flonap-rt-superinpose deep-flonap-

tR R
E

p-Flonap-v1-append deep-flomap-ve-appe p-Flonap-vr-append

(struct: deep-Flomap (Targb : flomap] [z : flomapl)
#:transparent
#:guard
(A (argb-fn z-fm nane)
(match-define (flomap _ 4 w h) argb-fm)
(match-define (flomap _ 1 zv zh) z-fm)
(unless (and (= w zw) (= h zh))

h 2w zh))

1 hour later...
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clwh
A (kx y i) (F (unsafe-flvector-ref vs1 1)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))]
[else
(error name (string-append "expected flomaps with the same nusber of components, *
“or a flowap with 1 component and any same-size flomap; "
“given flonaps with ~e and ~e components")
€ D)
(: lomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name )

P per2 nane (A (x y) F x ¥
(define fme (Flonap-1ift-helper2 ‘fm +))

(define fa- (Flonap-1ift-helper2 'fu- -))

(define fus (Flomap-1ift-helper2 'fus %))

(define fa/ (flomap-1ift-helper2 'fu/ /))

(define famin (flonap-lift-helper2 ‘famin min))

(define famax (flonap-lift-helper2 'famax max))

(: flomap-normalize (flonap -> flonap))

(define (flomap-normalize fm)

(v-min v-max) o )
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size .
)
(define fadiv/zero

0.0) fn (fn/ fa v-size))])

(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

(define (deep-Flonap-smooth-z dfn 0)
(et ([0 (exact->inexact o)1)
(natch-define (deep-Flonap argb-fn z-fa) dfm)
(define new-z-fn (flonap-blur z-fn 0))
(deep-Flonap argb-fn new-z-fm)))
; deep-Flonap-raise and everything derived from it observe an invariant
; when z is added, added z nust be 0.0 everywhere alpha is 0.0
¢ (U Real flonap) -> )
(define (deep-flomap-raise dfm )

(match-define (deep-flonap argh-fum z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-f (fx alpha-fm 2))))

¢
(define (deep-flomap-emboss dfm xy-ant z-amt)
Qet ([0 (/ xy-amt 3.0)])

(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))

deep-Flomap-enboss (deep-Flomap Real (U Real flomap) -> decp-flomap))

(define new-z-fm (fmx (flonap-blur z-fm 0) z-amt))
-F))
(: deep-flonap-bulge-helper (deep-flomap (Flonum Flonun -> Flonum) -> deep-flomap))
(define (deep-flonap-bulge-helper dfm f)
et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm
(inline-build-flonap

(deep-flomap-raise dfn new

Twh
NCxyD
(F (= (/ (Fx->F1 x) half-x-size) 1.0)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-m))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flonap-bulge dfn )

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racke!
(require racket/match
(except-in r
“Flonum. rkt”
*Flonap-stru
(provide flonap-flip-

(: Flomap-flip-horizo
(define (flonap-flip-
(match-define (flon
(define w-1 (fx- w

(inline-build-floma

(define (flonap-flip~
(match-define (flon
(define h-1 (fx- h
(inline-build-floma

(define (flonap-trans
(match-define (flon

(inline-build-floma

(define (flonap-cw-ro
(match-define (flon
(define h-1 (fx- h
(inline-build-floma

(define (flomap-cou-r
(match-define (flom
@

&t

(str,

(def

(def

(Flonap-transf
[(fm t x-min x-na
(let (Cx-min (F
[x-max (n
ty-nin (r
Ty-nax (r
(match-define
(match-define
(define int-x-
(define int-x-
(define int-y-
(define int-y-
(define new-w
(define new-h
(define x-offs
(define y-offs
(inline-build-
 new-w new-h
A kxy D
(define-val

(flonap-bil

raco BELUP. I m.l.ug -
raco setup: 7 making:
raco setup: 7 making:
real 2m25.441s
o ™ user 2m35.570s

(except-in racket/fixl
racket/match racket/nai B Y B m3.370s

“Flonum. rkt”

“flomap-struct.rkt"
“Flonap-stats. rkt")
(provide flomap-1ift flonap-1ifi

fmep et ™ NOW with "images/private” first:

faround fufloor faceil
fav fu- fox fn/ Famin |

flomap-normalize flonaj

.
- ottt < o] m .
A S AL AV AT
(A: ([fm : flomap])

(match-define (flomap vs c |

o e N@L1ASchroder:~/plt/bin§ time ./raco setup --no-docs

cwmy)
(: flonap-life ((Flowm > Real] = = =

(define (flomap-1ift op) real 1m13.332s

(flomap-lift-helper (A (x) (r(

(tim o (e ity US@T 1mé6.640s
m3.120s

(define fasqr (flonap-lift-help(
et
(define facos (flonap-1ift-helpt
(define fatan (flonap-1ift-help(

neilfschroder:~/plt/collects/images§ find . -name 'compiled’

Amages/oscriivoiings
images/icons
images/icons/private

werive miex lowp-uirei @i l1@gchroder:~/plt/bin§ time ./raco setup --no-docs -1 images

(define frexp (flonap-1ift-helpt
(define fasqrt (flomap-1ift-hel|

(A (kxy i) (F (unsafe-Flvector-ref vs1 1)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))1
[else

(error name (string-append "expected flomaps with the same number of conponents
“or a flowap with 1 component and any same-size flomap; "
“given flonaps with ~e and ~e components")
€ D)
(: lomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name )

P per2 nane (A (x y) F x ¥
(define fme (Flonap-1ift-helper2 ‘fm +))

(define fa- (Flonap-1ift-helper2 'fu- -))

(define fus (Flomap-1ift-helper2 'fus %))

(define fa/ (flomap-1ift-helper2 'fu/ /))

(define famin (flonap-lift-helper2 ‘famin min))

(define famax (flonap-lift-helper2 'famax max))

(: flomap-normalize (flonap -> flonap))

(define (flomap-normalize fm)

(v-min v-max) o )
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])
)
(define fadiv/zero
(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

(et ([0 (exact->inexact 0)1)
(natch-define (deep-flonap argb-fun z-fm) dfm)
(define new-z-fm (flonap-blur z-fim 0))
(deep-flomap argb-fm new-z-fm)))
; deep-flomap-raise and everything derived from it observe an invariant:
; when z is added, added z nust be 0.0 everywhere alpha is 0.0
¢ (U Real flonap) -> )
(define (deep-Flomap-raise dfn 2)

(match-define (deep-flonap argh-fum z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-f (fx alpha-fm 2))))
(: deep-flonap-enboss (deep-flomap Real (U Real flomap) -> deep-flomap))
(define (deep-flomap-emboss dfm xy-ant z-amt)
(et ([0  xy-ant 3.0)1)
(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))
(define new-z-fm (fmx (flonap-blur z-fm 0) z-amt))
(deep-flomap-raise dfn new-z-fn)))
(: deep-flonap-bulge-helper (deep-flomap (Flonum Flonun -> Flonum) -> deep-flomap))
(define (deep-flonap-bulge-helper dfm f)
et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm
(inline-build-flonap
Twh
NCxyD
(F (= (/ (Fx->F1 x) half-x-size) 1.0)
(- U/ (Fx=>f1 y) half-y-size) 1.0))))
(deep-flomap-raise dfn z-m))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flonap-bulge dfn )
dfn (A (cx cy) ( (F ex cy)))

-1 images/private
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#lang typed/racket/base #lang typed/racket/base #lang typed/racket/base

(require racket/match racket/math racket/flonun (require racket/Flonun (require racket/flonun
(except-in racket/fixnun Fl->Fx Fx->F1) (except-in racket/Fixnun Fl->Fx fx->F1) (except-in racket/fixnun fi->F F1->Fx)
“Flonum. rkt” racket/natch racket/nath racket/natch racket/nath
"Flomap-struct..rkt”) "Flonun. rke” “Flonum. rkt”
(provide flonap-flip-horizontal flowap-Flip-vertical flomap-transp "Flonap-struct. rkt” “Flonap.rkt”)
Flonap-cw-rotate Flonap-cow-rotate "flonap-stats. rkt") (provide deep-Flonap deep-Flonap? deep-flonap-argb deep-Flonap-z
(struct-out invertible-2d-function) Flonap-Transforn (provide flomap-1ift flonap-1ift2 Flomap-1ift-helper flonap-Lift-helper2 p-Flonap- p-Flonap-height deep-Flonap- p-Flonap-
o p faneg faabs fasqr fasin fcos fatan falog fexp fasart faasin facos fratan p-Flonap: p-Flonap-alpha deep-flonap
Flonap-transforn) faround fafloor faceiling fatruncate fnzero Flonap->deep-Flonap
(: Flonap-Flip-horizontal (flonap -> flonap)) fue fu- fue f/ fanin fomax ; sizing

(define (flomap-flip-horizontal fm)

(match-define (flonap vs c w h) fm)
(define w1 (Fx= w 1))

i Z-adjusting

1t
Cinline-build-flomap ¢ w h (A (k x y 5) STonaD 4 o deep-flonap-emboss
(unsafe-flvector-ref vs (coords->index c w k (Fx= w-1 %) ¥)))) define (flomap-lift-helper f)
(define (flonap-flip-vertical fm) (A ([fn : Flomap]) i i tical

(natch-define (flonap vs c w h) fm) (match-define (flomap vs c w h) fm) deep-flonap-bulge-ripple
(define h-1 (Fx= h 1))
Cinline-build-flomap c w h (A (k x y ©)

(Flomap (inline-build-flvector (x c w h) (A (i) (f (unsafe-flvector-ref vs 1)) 3 Compositing
deep-flonap-pin deep-flomap-pin*

(unsafe-flvector-ref ve (coorde->index ¢ ¥ K X (Fx- h-1 Y900 deep-flonap-1t-superinpose deep-flonap-lc-superinpose deep-flomap-lo-superinpose

(define (Flonap-transpose o) deep-flonap-ct-superinpose deep-flonap-cc-superinpose deep-flomap-cb-superinpose

(match-define (flomap vs ¢ w h) fm) deep-Flomap-rt-superinpose deep-Flonap-rc-superinpose deep-flomap-rb-superinpose

(flomap-lift-helper (A (x) (real->double-Flonum (0p x)))))

deep-Flonap-v1-append deep-Flonap-vc-append deep-Flonap-vr-append
(inline-build-flomap ¢ h w (A (k x y 1) (define faneg (flomap-lift-helper -)) pflomap-vl-apper p-flomap-ve-app o-flonap-vr-appe
(unsafe-flvector-ref vs (coords->index ¢ w k y x))))) (define fabs (Flonap-Lift-helper abs) decp-Flonap-ht-append deep-Flonap-hc-append deep-Flonap-hb-append)
(define (flonap-cw-rotate fm) ' (define fusar mnn.a:—lm—m:u san) (struct: deep-flonap ([argb : flowsp] [z : flonap])
#:transparent
(match-define (flomap vs c w h) fm) (define fmsin (flomap-lift-helper sin)) U'guardp
(define h-1 (Fx- h 1)) (define fcos (Flonap-Lift-helper cos) et
Cinline-build-Flosap ¢ hw (A (k x y ) (define fntan (Flonap-Lift-helper tan)) ¢ <=:sh e :"*3 e o
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- h-1 y) x))))) (define falog (flomap-lift-helper fllog)) (ma (n-;rm (ﬂn--n - w )y." - m)
(define (flomap-ccw-rotate fm) (define fmexp (flomap-lift-helper exp)) ("";ﬂ o ’:E f om: - h",,l ) z-fm)
(match-define (flomap vs ¢ w h) fm) (define fmsqrt (flomap-lift-helper flsart)) (unless. (l’n (=wzw) (= hzh))
(define w1 (Fx- w 12) (define faasin (Flonsp-1ift-helper asin)) error *deep-Flonsp ) )
i Linesbuild- i (define faacos (Flomsp-11ift-helper acos)) expected flonaps of equal dinension; given dinensions ~ex-e and ~ex-e” w h v zh))
Cinline-build-flomsp ¢ h w (A (k x y 1) Cotves i
. . . - (define faatan (Flonap-1ift-helper atan))
(unsafe-flvector-ref vs (coords->index  w k y (fi- w-1 %)) (- Lo oo Lo lonsp > decp-Lonsey)
i " (define faround (flomap-1ift-helper round)) : p->deep: J P P P)
(struct: invertible-2d-function (Lf : (Flonua Flonum -> (values Flonun Flonum)] et s honon et
[g : (Flonum Flonum -> (values Flonum Flonum))1)) (define fmfloor (flomap-lift-helper floor))

(define faceiling (flonap-1ift-helper ceiling)) (natch-define (flomap _ 4w h) argb-fn)
(define fatruncate (flomap-lift-helper truncate)) (deep-Flonap argb-fo (nakeFlonap 1 v 1))

P ~> Nonneg: )

(define-type Flonap-Transform (Integer Integer -> invertible-2d-function))
« P P P -> Flonap: )
(define ((transform-compose t1 t2) w h) (define fuzero (flomap-lift-helper (A (x) (if (x . = . 0.0) 1.0 0.0))))
(match-define (invertible-2d-function f1 g1) (t1 w h) p
(match-define (invertible-2d-function f2 g2) (t2 w h))

(define (deep-flonap-width dfm)
(define w (flonap-width (deep-flomap-argb dfm)))
(with-asserts ([w nonnegative-fixnun?1)

Cinvertible-2d-function (A: ([x : Flonun] [y : Flonun)

»
Cetovatues (L0 9> (2 x 191> Fine (flosap-1ift-helper2 nae ©) (¢ doop-Flonsp-height (deep-Flonsp > Honnes:
1 x (et O (define (deep-Flonap-height dfm)
(A (O + Flonm Ty ¢ Flonun) (M: (Cfal & (U Real Flonap)] [fa2 : (U Real Flosap)]) (define h (Flosap-height (deep-Flonap-argh dfey))
(let-values (L(xy) (81 x D) (cond (with-asserts ([h  nonnegative-fixnun?])
P Cand (real? fat) (real? a2)) Y
 Flomsp (cases (Flonsy tionmn s ronssy (error nane “expected at least one flonap argument; given ~ and ~e* fal fa2)] (: doep-Flomsp-z-ain (decp-Flonsp > Flonum)

(Flonap Flomap-Transforn Real Real Real Real -> flonap))) [Creal? fat) Clot ([fm (real->double-floaum ful)1) (define (deep-Flonap-z-nin dfm)

(define Flonap-transforn ((Flonap-1ift-helper (A (v) (f fl v))) fn2))] (flomap-min-value (deep-flomap-z dfm)))
(case-lambda [(real? fa2) (let (Lfa2 (real->double-flonum fn2)1) (: deep-Flomap-z-max (deep-flonap -> Flonum))
v ((Flonap-lift-helper (A (v) (f v f2))) fa1)] (define (deep-flonap-z-nax dfm)
(match-define (Flonap vs ¢ w h) fm) Celse (Flomap-nax-value (deep-flomap-z dfm)))
(match-define (invertible-2d-function f ) (t w h)) (match-define (flonap vs1 c1 w ) fa1) @ > (values t ive-Fixnum)))
(define x-min +inf.0) (match-define (flonap vs2 c2 w2 h2) fn2) (define (deep-Flomap-size dfn)
(define x-max -inf.6) (cond (values (deep-flonap-width dfn) (deep-flonap-height dfe)))
(define y-min +inf.0) [(not (and (= w w2) (= h h2))) (: deep-Flomap-alpha (deep-Flonap -> flonap))
(define y-max -inf.0) (error name “expected same-size flonaps; given sizes ~ex-e and ~ex-e” w h w2 h2)] (define (deep-flonap-alpha dfm)
(let: y-loop : Void ([y : Integer o)) [(= ¢l c2) (define n (x 1 wh)) (Flonap-ref-conponent (deep-flonap-argb dfm) 0))
Cwhen (y . fx< . h) (define res-vs (make-flvector n)) (: deep-Flomap-rgb (deep-Flonap -> flomap))
(let: x-loop : Void ([x : Integer o)) (flonap (i i " @ ¢ v i) (define (deep-Flonap-rgb dfm)
(cond [0x . fx< . w) (unsafe-Flvector-ref vs2 1)) (Flomap-drop-components (deep-Flomap-argb dfm) 1))
(define-values (new-x new-y) (f (+ 0.5 (Fx->fL 1)) (+ 0.5 (Fx=>f1 y)))) cw i i
(when (new-x . < . x-min) (set! x-min new-x)) [ c1 1) (inline-build-flomap Z adjusters
(when (new-x . > . x-max) (set! x-max new-x)) 2wh (: deep-Flonap-scale-z (deep-flonap (U Real flomap) -> deep-Flonap))

(when (new-y . < . y-min) (set! y-min new-y)) (define (deep-flonap-scalez dfn 2)
(unsafe-flvector-ref vs2 1)1 (natch-define (deep-Flonap argb-f 2-fm) dfm)
(x-loop (fx+ x 1)1 [(=c2 1) (inline-build-Flonap (deco-flonap arch-fn (fas 2-n 2)
felse :

(¥-loop (Fx+ y 1)1
(Flonap-transforn fa t x-min x-nax y-min y-nax)]

(A (k x y i) (F (unsafe-Flvector-ref vs1 (coords->index 1 w 0 x ¥))

(when (new-y . > . y-max) (set! y-max new-y))

Gh « P > Real -> deep-flonap)

h (kxy §) (F (unsafe-flvector-ref vs1 i) (define (deep-Flonap-snooth-z dfn 0)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))1 (et ([0 (exact->inexact 0)1)
felse (natch-define (deep-Flonap argb-fm 2-fm) dfm)
- (define new-z-fm (flomap-blur z-fm 0))
(deep-flomap argb-fm new-z-fm)))
"given flonaps with ~e and e components) ; deep-Flonap-raise and everything derived from it observe an invariant.

[(fm t x-min x-nax y-min y-nax)

(let (Dx-nin  (real->double-Flonun x-min)]
Demax (real->double-Flonun x-nax)]
[y-nin  (real->double-flonun y-nin)]
[y-nax  (real->double-flonun y-nax)1)

(match-define (flonap vs c w h) fm)

(error name (string-append "expected flonaps with the same nusber of components,

“or a flowap with 1 component and any same-size flonap;

; when z is added, added z nust be 0.0 everywhere alpha is 0.0

@ (U Real flonap) -> )
(match-define (invertible-2d-function f &) (t w h)) ot o o otan s1m

(define ntoucmin (6 (Floor 2cain)) p-lift-helper2 name (A (x y) ¢ x v (match-define (deep-Flonap argb-fn z-fm) dfm)

(define int-x-max (F1->fx (ceiling x-max))) i

(define int-y-nin (FL->fx (Floor y-mim)) (define fm+ (flomap-1ift-helper2 'fa+ +)) (define alpha-fn (deep-flonap-alpha dfm))

(define int-y-max (F1->fx (ceiling y-max))) (define fn- (flomap-Lift-helper2 'fu- -)) (deep-Flonap argb-fn (f+ z-f (fms alpha-fm 2))))

(define new-w (- int-x-max int-x-min)) (define fms (flomap-Lift-helper2 'fur %)) (: deep-Flomap-enboss (deep-flonap Real (U Real flomap) > deep-flomap))
(define new-h (- int-y-max int-y-min)) (define fn/ (flomap-1ift-helper2 'fn/ /)) (define (deep-flomap-emboss dfn xy-ant z-amt)

(define x-offset (+ 0.5 (Fx->F1 int-x-nin)) (define famin (Flonap-Lift-helper2 'famin min)) et (0 (/ xy-amt 3.0)])

(define y-offset (+ 0.5 (fx->f1 int-y-niny) (define famax (flomap-Lift-helper2 'fmax max)) (define z-fn (flonap-nornalize (deep-flonap-alpha dfm)))

(inline-build-flonsp (: flonap-normalize (flonap -> flonap))

< new-w new-h (define (flomap-normalize fm)
A kxy D
(define-values (old-x old-y) (g (+ (Fx->F1 x) x-offset)
+ (Fx>F1y) yoffset)))
(Flonap-bilinear-ref fn k old-x old-y)))1))

(v-min v-max) o )
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])
)
(define fadiv/zero

define (deep-flomap-bulge-helper dfn )

et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))

(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y)))) (define z-fm
(: flomap-divide-alpha (flonap -> flowap)) (inline-build-flonap
(define (flomap-divide-alpha fm) 1wh
(match-define (flonap _ c w h) fm) NCxyD
(cond [(c . <= . 1) fm] (F (- ¢/ (fx->f1 x) half-x-size) 1.0)
Celse

(- (/ (Fx=>F1 y) half-y-size) 1.0)))))

(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonun. rkt"
“Flonap-struct. rkt")

(provide flonap-flip-horizontal flomap-flip-vertical

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math
“Flonum. rkt”

flonap-cu-rotate flomap-ccw-rotate
(struct-out invertible-2d-function) Flonap-Trs

p-transp: “Flonap-struct.rkt”
"flonap-stats. rkt")
ansforn (provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2

Flonap-transform)
(: flomap-flip-horizontal (flonap -> flomap))
(define (flomap-flip-horizontal fm)
(match-define (flonap vs c w h) fm)
(define w1 (Fx= w 1))
Cinline-build-flomap ¢ w h (A (k x y )
(unsafe-flvector-ref vs
(define (flonap-flip-vertical fim)
(natch-define (flonap vs c w h) fm)
(define h-1 (Fx= h 1))
Cinline-build-flomap c w h (A (k x y ©)
(unsafe-flvector-ref vs
(define (flomap-transpose fm)
(match-define (flomap vs ¢ w h) fm)
Cinline-build-flomap ¢ hw (A (k x y )
(unsafe-flvector-ref vs
(define (flomap-cu-rotate fm)
(natch-define (flonap vs c w h) fm)
(define h-1 (Fx= h 1))
Cinline-build-flomap ¢ hw (A (k x y ©)
(unsafe-flvector-ref vs
(define (flomap-ccu-rotate fn)
(match-define (flonap vs c w h) fm)
(define w1 (Fx- w 1))
Cinline-build-flomap ¢ hw (A (k x y )

(unsafe-flvector-ref vs

(struct: invertible-2d-fu=

(define-type Flonap-Tra
(: transforn-compose (F
(define ((transfora-con
(match-define (invert
(match-define (invert
(invertible-2d-functi

p faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero
fae fu- fux f/ famin fanax

define (flomap-lift-helper f)
(A ([fn : Flomap])
(match-define (flomap vs c w h) fm)

(coords->index ¢ w k (fx- w-1 %) ¥)))))

(Flomap (inline-build-flvector (x c w h) (A (i) (f (unsafe-flvector-ref vs 1))

(coords->index ¢ w k x (Fx- h-1 )))))

(flomap-lift-helper (A (x) (real->double-Flonum (0p x)))))
(define faneg (flonap-Lift-helper -))
(coords->index ¢ w k y x)))) (define frabs (flonap-lift-helper abs))
(define fasqr (flonap-lift-helper sar))
(define fasin (flonap-lift-helper sin))
(define ficos (flonap-1ift-helper cos))
(define fatan (flonap-lift-helper tan))
(define falog (flomap-1ift-helper fllog))
(define frexp (flonap-lift-helper exp))
(define fasart (flomap-lift-helper flsart))
(define fnasin (flomap-1ift-helper asin))
(define fnacos (flomap-lift-helper acos))
(define fnatan (flomap-1ift-helper atan))
(define faround (flonap-1ift-helper round))

(coords->index ¢ w k (fx-= h-1 y) x)))))

(coords->index ¢ w k y (Fx- -1 0)))))

define-inline

(: Flomap-transforn (ca

(define flonap-transfor

(define y-min +inf
(define y-nax -inf
(let: y-loop : Voi
(uhen (y . fx<
(let: x-loop :
(cond [(x -
(defi
(when

(when (new-x . > . x-nax)

<

(when (new-y -

(x-loop (fx+ x 1))
[else
-loop (Fxr y 1D

(flonap-transforn fm t x-nin x-nax y-min y-nax)]

[(fn t x-min x-max y-min y-nax)

(et (x-nin  (real->double-Flonum x-min)]
Demax  (real->double-Flonum x-nax)]
[y-nin (real->double-flonum y-nin)]
[y-nax (real->double-flonun y-nax)1)

(match-define (Flonap vs c w h) fm)
(match-define (invertible-2d-function f g) (¢t w
(define int-x-min (F1->fx (floor x-min)))
(define int
(define int-y-min (F1->fx (floor y-mim))
(define int-y-max (F1->fx (ceiling y-max)))
(define new-w (- int-
(define new-h (- int-y-max int-y-min))
(define x-offset (+ 0.5 (fx->f1 int-x-min)))
(define y-offset (+ 0.5 (fx->f1 int-y-min)))
(inline-build-Flomap

max int-x-nim)

© new-w new-h
A kxy D

(define-values (old-x old-y) (g (+ (Fx->F1 x)

o (Fx>fly)

(Flonap-bilinear-ref fn k old-x old-y)))1))

(case-lanbda
I t) °
(match-define (flo
(ecearine G e f
(define x-min +inf
(define x-max ~inf

- yemin) (set! y-min new-y)
(when (new-y . > . y-max) (set! y-max new-y))

c2wh

(A (k x y 1) (F (unsafe-Flvector-ref vs1 (coords->index 1 w 0 x ¥))
(unsafe-flvector-ref vs2 1))))]

[(=c2 1) (inline-build-flonap

ctwh

(A (kx y i) (F (unsafe-flvector-ref vs1 1)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))1
[else
(error name (string-append "expected flomaps with the same nusber of components, *

“or a flowap with 1 component and any same-size flonap;
“given flonaps with ~e and ~e components")

)

per2 nane (A (x y) F x ¥

(define fme (Flonap-1ift-helper2 ‘fm +))
(define fa- (Flonap-1ift-helper2 'fu- -))
(define fus (Flomap-1ift-helper2 'fus %))
(define fa/ (flomap-1ift-helper2 'fu/ /))
(define famin (flonap-lift-helper2 ‘famin min))

(define famax (flonap-lift-helper2 'famax max))
(: flomap-normalize (flonap -> flonap))
(define (flomap-normalize fm)

(v-min v-max) o )
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size .
)
(define fadiv/zero
(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
pha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm]
Celse

x-offset)

y-offset))) . 0.0) fa (Fa/ fn v-size))))

(define (flomap-divide-:

(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->f1 f1->Fx)
racket/match racket/math
“Flonun. rkt”
“flowap. rkt")
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flonap-z

flonap->deep-Flonap
; sizing

i Z-adjusting

deep-flonap-emboss

tical
deep-flonap-bulge-ripple
; Compositing
deep-flonap-pin deep-flomap-pin*
deep-flonap-1t-superinpose deep-flonap-lc-superinpose deep-flomap-lo-superinpose
deep-flonap-ct-superinpose deep-flonap-cc-superinpose deep-flomap-cb-superinpose
deep-flonap-rt-superinpose deep-flonap-rc-superinpose deep-flomap-rb-superinpose
deep-Flomap-v1-append deep-Flonap-ve-append deep-flonap-vr-append
deep-Flomap-ht-append deep-Flonap-hc-append deep-flonap-hb-append)
(struct: deep-flonap ([argb : flomap] [z : flomapl)
#:transparent
#:guard
(A (argb-fn z-fm nane)
(match-define (flomap _ 4 w h) argb-fm)
(match-define (flomap _ 1 zv zh) z-fm)
(unless (and (= w zv) (= h zh))

(error *deep-flonap
“expected flomaps of equal dimension; given dinensions ~ex-e and ~ex-e” w h zw zh))
(values argb~fm z-fm)))
(: flomap->deep-flonap (flomap -> decp-flomap))

lomap-lift-helper f) ... -

eep-
(natch-define (deep-Flonap argb-fm z-fm) dfm)
(deep-Flonap argb-fn (fix z-fn 2)))

: P P Real -> deep-flonap)

«
(define (deep-flomap-saooth-z dfn 0)

(et ([0 (exact->inexact o)1)
(natch-define (deep-Flonap argb-fn 2-fm) dfm)
(define new-z-fn (flonap-blur z-fn 0))
(deep-Flomap argb-fn new-z-fm))
; deep-Flonap-raise and everything derived from it observe an invariant
; when z is added, added z nust be 0.0 everywhere alpha is 0.0
P (U Real flomap) -> )
(define (deep-Flonap-raise dfn z)

(match-define (deep-flonap argh-fum z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-f (fx alpha-fm 2))))
(: deep-flomap-emboss (deep-flomap Real (U Real flomap) -> deep-flomap))
(define (deep-flomap-eaboss dfn xy-ant z-amt)
Qet ([0 (/ xy-amt 3.0)])
(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))

define (deep-flomap-bulge-helper dfn )

et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm

(inline-build-flonap

Twh
A CxyD
(F (- ¢/ (fx->f1 x) half-x-size) 1.0)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base #lang typed/racket/base

(require racket/match racket/nath racket/flonun (require racket/flonun
(except-in racket/fixnum fl->fx Fx->f1) (except-in racket/fixnum Fl->Fx Fx->1)
“Flonum. rkt” racket/match racket/math
“Flonap-struct. rkt")

(provide flonap-flip-horizontal flomap-flip-vertical p-transpe “Flonap-struct.rkt”
flonap-cu-rotate flomap-ccw-rotate “Flonap-stats.rkt")
(struct-out invertible-2d-function) Flomap-Transform

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“flowap. rkt")
(provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z

“Flonum. rkt”

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
p faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan

Flonap-transform)

faround fafloor faceiling fatruncate fazero Flonap->deep-Flonap
(: Flonap-Flip-horizontal (Flonap -> flonap)) fae fu- fox fa/ fanin fomax ; sizing
(define (Flonap-flip-horizontal fm)
(natch-define (flonap vs c w h) fa) : ; Z-adjusting
(define w1 (Fx- w 1))  Unary 1t
(inline-build-Flonap c w h (A (k x y ) (: flomap-Lift-helper : (Float > Float) > (flosp -> flonap)) deep-flomap-enboss
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w1 x) ))))) (define (flonap-Lift-helper )
(define (Flonap-Flip-vertical fm) (A (T : Flonap]) izontal tical
(natch-define (flonap vs c w h) ) (Rateh-define (Flomap vs c w h) f) deep-Flomsp-bulge-ripple
(define h-1 (Fx= h 1)) (flomap (inline-build-flvector (x ¢ w h) (A (i) (f (unsafe-flvector-ref vs i)))) 3 Compositing
(inline-build-Flonap c w h (A (k x y D) cwh) deep-flonap-pin deep-flonap-pint
(unsafe-flvector-ref vs (coords->index c w k x (fx- h-1 ¥)))))) (: flomap-1ift ((Flonun -> Real) -> (flonap -> flowap))) decp-Flonap-lt-superinpose deep-flonap-lc-superinpose deep-flonap-lb-superinpose
(define (Flonap-transpose fm) (define (Flomap-Lift op) deep-flomap-ct-superinpose deep-Flonap-cc-superinpose deep-flonap-cb-super inpx
(Ratch-define (flonap vs c w h) fu) (Flonap-Lift-helper (A (x) (real->double-Flonum (op x))))) e e e Tlomaprbsperiey
(inline-build-flonap c hw (A (k x y ) (define faneg (Flonap-Lift-helper -)) P omeTy mapee : prveTane " : ':S"'
tne Comorratts T e P (e, s i (e s s 5 o
(natch-define (flonap vs c w h) fa) (define fsin (Flonap-Lift-helper sin)) N ;;:::”“"‘
(define h-1 (fx- h 1)) (define fmcos (flomap-lift-helper cos))
(inline-build-Flomap ¢ hw (A (k x y 1) (define fmtan (flomap-lift-helper tan)) (A argb~fm z-fm nane)
(unsafe-flvector-ref vs (coords->index ¢ w k (Fx- h-1 y) x0)))) (define falog (flonap-lift-helper fllog)) (match-define (lomap _ 4 w h) argb-fn)
(define (flomap-ccw-rotate fm) (define fmexp (flomap-lift-helper exp)) (atch-dsfine (floasp _ 1 zv zh) z-fu)
(match-define (flonap vs c w h) fa) (define fasart (flomap-1ift-helper flsart)) (unless (end (= w z0) (= b 2))
(define w1 (Fx- w 1)) (define frasin (Flosap-lift-helper asin)) (error *deep-flonap
e X (deFine faacos (Flomap1ift-helper acos)) “expected flomaps of equal dimension; given dinensions ~ex-e and ~ex-e” w h 2w zh))
(inline-build-Flonap c hw (A (k x y ) (velues arentn oetmry
(unsafe-flvector-ref vs (coords->index c w k y (fx- w=1 x)))))) (define fmatan (flomap-lift-helper atan)) (: flonap->deep-flonap (flonap -> deep-Flomap))
(struct:_invertible-2d-function (Lf : (Flonum Flonum -> (values Flonum Flonum))] (oefive foreund (flossesLi e helperroundd), »

There must be a better way.

2wh
(when (new-y . < . y-min) (set! y-min new-y)) (A (k x y i) (f (unsafe-flvector-ref vs1 (coords->index 1w 0 x y)) (define (deep-flomap-scale-z dfm z)
(when (new-y . > . y-max) (set! y-max new-y)) (unsafe-flvector-ref vs2 1)))] (natch-define (deep-Flonap argb-fm z-fa) dfm)
(x-loop (fx+ x 1))] [(=c2 1) (inline-build-flomap (deep-Flonap argb-fn (fx z-fn 2)))
[else G ¢ » Real -> deep
(-loop (xr y 1)1)) O (kxy 15 OF Cansafe-flvectar—rof vl 1) (define (deep-Flomap-smooth-z dfn 0)
(Flonap-transform fa ¢ xomin x-nax yomin y-ra)] (unsafe-Flvector-ref vs2 (coords->index 1w 8 x ¥))))1 (et ([0 (exact->inexact )])
[(Fn ¢ xmin x-nax y-nin y-max) felse (natch-define (deep-Flonap argb-fn z-Fa) dfm)
(et (Lx-nin  (real->double-flonum x-ain)] (error name (string-append "expected flomaps with the same number of components, " (define new-z-fm (flomap-blur z-fm 0))
[x-max - (real->double-Flonun x-wax)] "or a flomap with 1 component and any same-size flomap; " (deep-Flomap argb-fm new-z-fm)))
Lymmin (real->double-flonum y-nin)] "given flomaps with ~e and ~e components”) ; deep-flomap-raise and everything derived from it observe an invariant.
[y-max (real->double-flonum y-max)]) <1 e2)DN) ; when z is added, added z must be 0.0 everywhere alpha is 0.0
(match-define (flomap vs ¢ w h) fm) (: flomap-1ift2 (Sywbol (Flonum Flonum -> Real) -> ((U Real flomap) (U Real flomap) -> flomap))) ¢ (U Real flomap) -> )
(match-define (invertible-2d-function f g) (t w h))

(define (flomap-1ift2 name ) (define (deep-Flonap-raise dfn z)
(define int-x-nin (FL->fx (Floor x-ain))

wax (FL->Fx (cedling x-8ax))) " per2 nane (A (x y) F x ¥ (uatchdefine (doep-Flonap argh-fa z-f) dfi)
an (FL->¢x (Floor y-ainm)) (define fm+ (Flonap-Lift-helper2 'fa+ +)) (define alpha-fn (deep-Flonap-alpha dfm))
max (fL>fx (ceiling y-nax))) (define fn- (flonap-Lift-helper2 'fa- -)) (deep-flomap argb-fm (fn+ z-fm (fns alpha-fm 2))))
(define new-w (- int-x-max int-x-min)) (define fms (flomap-Lift-helper2 'fms %)) (: deep-flomap-emboss (deep-flomap Real (U Real flomap) -> deep~flomap))

(define new-h (- int-y-nax int-y-ain) (define fo/ (Flonap-Lift-helperz 'fa/ /) (define (deep-Flonap-emboss dfn xy-amt z-amt)

(define soffset (+ 0.5 C(hroofl intoc-ming)) (define famin (flonap-Lift-helper2 'famin min)) Qet (0 ¢/ xy-ant 3.00])

(define yooffsst (+ 0.5 (Fx->Fl int-y-min)) (dofine famax (flonap-Lift-helperz *fanax max)) (define z-fn (Flonap-nornalize (deep-Flomap-alpha df)))
(inline-build-Flomap €: flomsp-rormalize (flomsp = flomsp)) (define new-z-fn (fa (Flonap-blur z-fm 0) z-amt))

© new-w new-h (define (Flonap-nornalize fn) (deep-flonap-raise dfn new-z-fm))

& kxyp w-nin v-nax) » )

(: deep-Flonap-bulge-helper (decp-Flonap (Flonum Flonum -> Flonum) -> deep-Flonap))
(define v-size (- v-nax v-nin)) fefine (decp-Flomap-bulge-helper dfn
(define-values (old-x old-y) (g (+ (Fx->f1 x) x-offset) . (define (deep-Flonap-bulgerhelper dfe ©
Qets (Tfn (Fa- fn v-nin)] et O
& (x>FLy) y-offset))) [fn (if (v-size . = . 0.0) fu (fa/ fa v-size))]) (define-
(Flonap-bilinear-ref fa k old-x old-y))))1))
) (define half-x-size (- (x 0.5 (Fx->f1 W) 0.5)
(define fadiv/zero (define half-y-size (- (x 0.5 (Fx->fL b)) 0.5)
(define z-fm
Cinline-build-flonap

lues (w h) (deep-flonap-size dfm)

(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm) 1wh
A CxyD
(F (= (/ (Fx->F1 x) half-x-size) 1.0)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-m))

(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))

(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1)) (: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))

(define (deep-flonap-bulge dfn )

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base
(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonum. rkt”
“Flomap-struct. rkt")
(provide flonap-flip-horizontal flomap-flip-vertical p-transpe
flonap-cu-rotate flomap-ccw-rotate

(struct-out invertible-2d-function) Flomap-Transform

pose rotate-transform p
Flonap-transform)
(: flomap-flip-horizontal (flonap -> flomap))
(define (flomap-flip-horizontal fm)
(natch-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap c w h (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k (Fx= w-1 %) ¥))))
(define (flonap-flip-vertical fim)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap c w h (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k x (fx- h-1 ¥))))))
(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flonap c hw (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k y x)))))
(define (flomap-cu-rotate fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap ¢ hw (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k (F- h-1y) ))))
(define (flomap-ccu-rotate fn)
(natch-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap c hw (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k y (fx- w-1 X))
(struct:_invertible-2d-function ([f : (Flonu Flonun -> (values Flonum Flonum))]

(when (new-y . < . y-min) (set! y-min new-y))
(when (new-y . > . y-max) (set! y-max new-y))
(x-loop (fx+ x 1)1
[else
-loop (Fxr y 1D
(flonap-transforn fm t x-nin x-nax y-min y-nax)]
[(fn t x-min x-max y-min y-nax)
(et (x-nin  (real->double-Flonum x-min)]
[x-nax  (real->double-Flonum x-nax)]
[y-min (real->double-Flonum y-min)]
[y-nax  (real->double-flonun y-nax)1)
(match-define (Flonap vs c w h) fm)
(match-define (invertible-2d-function f &) (t w h))
(define int-x-min (F1->fx (floor x-min)))
(define
(define
(define int-y-max (F1->fx (ceiling y-nax)))
(define new-w (- int-

min (Fl->fx (floor y-min)))

max int-x-nim)
(define new-h (- int-y-max int-y-min))

(define x-offset (+ 0.5 (fx->f1 int-x-nin)))

(define y-offset (+ 0.5 (fx->f1 int-y-nin)))
(inline-build-flonap
© new-w new-h
A kxy D
(define-values (old-x old-y) (g (+ (Fx->f1 x) x-offset)
@ (Fo>F1y) y-offset))
(Flonap-bilinear-ref fn k old-x old-y)))1))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math

“Flonum. rkt”

Flonap-struct. rkt"
“Flonap-stats.rkt")
(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero
fav fu- fox f/ Famin famax

5 Unary
(: flomap-Lift-helper : (Float -> Float) -> (flomap -> flonap))
(define (flomap-lift-helper f)
(A ([fn : Flomap])
(match-define (flomap vs c w h) fm)
(Flomap (inline-build-flvector (x ¢ w h) (A (i) (f (unsafe-flvector-ref vs i))))
cwh))
(: flomap-1ift ((Flonun -> Real) -> (flonap -> flowap)))
(define (flomap-1ift op)
(flomap-lift-helper (A (x) (real->double-Flonum (0p x)))))

(define faneg (flonap-Lift-helper -))
(define frabs (flonap-lift-helper abs))
(define fasqr (flonap-lift-helper sar))
(define fasin (flonap-lift-helper sin))
(define ficos (flonap-1ift-helper cos))
(define fatan (flonap-lift-helper tan))
(define falog (flonap-lift-helper fllog))
(define frexp (flonap-lift-helper exp))
(define fasart (flomap-lift-helper flsart))
(define frasin (Flomap-Lift-helper asin))
(define fracos (Flomap-Lift-helper acos))
(define fratan (flomap-Lift-helper atan))
(define faround (flonap-Lift-helper round))

2wh
(A (k x y i) (F (unsafe-flvector-ref vs1 (coords->index 1 w 0 x ¥))
(unsafe-flvector-ref vs2 1))))]
[(=c2 1) (inline-build-flonap
cwh
(A (kx y i) (F (unsafe-flvector-ref vs1 1)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))1
[else
(error name (string-append "expected flomaps with the same nusber of components, *
“or a flowap with 1 component and any same-size flomap; "
“given flonaps with ~e and ~e components")
€ D)
(: flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flomap) (U Real flomap) —> flonap)))
(define (flonap-1ift2 name )

P per2 nane (A (x y) F x ¥
(define fme (Flonap-1ift-helper2 ‘fm +))

(define fa- (Flonap-1ift-helper2 'fu- -))

(define fus (Flomap-1ift-helper2 'fus %))

(define fa/ (flomap-1ift-helper2 'fu/ /))

(define famin (flonap-lift-helper2 ‘famin min))

(define famax (flonap-lift-helper2 'famax max))

(: flomap-normalize (flonap -> flonap))

(define (flomap-normalize fm)

(v-min v-max) o )
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])
)
(define fadiv/zero
(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“flowap. rkt")
(provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z

flonap->deep-Flonap
; sizing
i Z-adjusting
1t
deep-flonap-emboss
izontal tical

deep-flonap-bulge-ripple
; Compositing
deep-flonap-pin deep-flomap-pin*

p-flonap-rt-superinpose deep-flomap-rc-superinpe p-rb-super inpe

p-Flonap-v1-append deep-flomap-ve-appe p-Flonap-vr-append

(struct: deep-Flomap (Targb : flomap] [z : flomapl)
#:transparent
#:guard
(A (argb-fn z-fm nane)
(match-define (flomap _ 4 w h) argb-fm)
(match-define (flomap _ 1 zv zh) z-fm)
(unless (and (= w zv) (= h zh))
(error *deep-flonap
“expected flomaps of equal dimension; given dinensions ~ex-e and ~ex-e” w h zw zh))
(values argb~fm z-fm)))
(: flomap->decp-flonap (flomap -> deep-flomap))

This could happen anywhere.

(define (deep-flonap-scale-z dfm 2)
(match-define (deep-flonap argh-fu z-fm) dfm)
(deep-flomap argb-fn (fmx z-fn 2)))

G

(define (deep-flonap-smooth-z dfn o)

Real -> deep

(et ([0 (exact->inexact o)1)
(natch-define (deep-Flonap argb-fn 2-fm) dfm)
(define new-z-fn (flonap-blur z-fn 0))
(deep-Flonap argb-fn new-z-fm)))
; deep-Flonap-raise and everything derived from it observe an invariant
; when z is added, added z nust be 0.0 everywhere alpha is 0.0
¢ (U Real flonap) -> )
(define (deep-flomap-raise dfm )

(match-define (deep-flonap argh-fum z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-f (fx alpha-fm 2))))
(: deep-flonap-enboss (deep-flomap Real (U Real flomap) -> deep-flomap))
(define (deep-flomap-emboss dfm xy-ant z-amt)
Qet ([0 (/ xy-amt 3.0)])
(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))
(define new-z-fm (fmx (flonap-blur z-fm 0) z-amt))
-F))
(: deep-flonap-bulge-helper (deep-flomap (Flonum Flonun -> Flonum) -> deep-flomap))
(define (deep-flonap-bulge-helper dfm f)
et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm
(inline-build-flonap

(deep-flomap-raise dfn new

Twh
NCxyD
(F (= (/ (Fx>F1 %) half-x-size) 1.0)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-m))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flonap-bulge dfn )

dfn (A (cx cy) ( (F ex cy)))
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(whe
1
Celse
(!
(flonap-transforn
[(fm t x-min x-nax
(let ([x-nin (e

(match-define (
(define
(define
(define
(define -nax)))
(define new-w (= int-x-max int-x-min))
(define

Hf1 x) x-offset)
HfLy) y-offset)))
N

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero
fav fu- fox fn/ famin famax

flomap-normalize flonap-mult;

5 Unary
(: flomap-Lift-helper : (Float -> Floi
(define (flomap-lift-helper f)
(A ([fn : Flomap])
(match-define (flonap vs c w h) fi
(Flomap (inline-build-flvector (x
cwh))
(: flomap-1ift ((Flonun -> Real) -> (
(define (flomap-1ift op)
(Flomap-lift-helper (A (x) (real->d(

(define faneg (flonap-Lift-helper -))
(define faabs (flomap-lift-helper abs
(define fasqr (flonap-lift-helper sar
(define fasin (flonap-lift-helper sin
(define facos (flonap-lift-helper cos
(define fatan (flonap-lift-helper tan
(define falog (flonap-lift-helper f1l(
(define frexp (flonap-lift-helper exp!
(define fasart (Flomap-1ift-helper fli
(define frasin (Flomap-1ift-helper as
(define fracos (Flomap-1ift-helper ac(
(define fratan (Flomap-1ift-helper ati
(define faround (flonap-1ift-helper round))

happen ar

JS

nent fn 0))
ponents alpha-fn (fadiv/zero (Flomap-drop-components fm

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“Flowap. rkt")

(provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z

flonap->deep-Flonap
; sizing

vertical

Pypy

(define (deep-fl '
(match-define
(deep-flomap 2

(: deep-flomap-s

(define (deep-f1
(et ([0 (exi

(mateh-defir
(define new-
(deep-Flomap

; deep-Flonap-raiseyana:

; when z is added, added!

(: deep-flonap-raise (¢ al flonap)

deep-flon:

(define (deep-flonap-raise dfm z)
(match-define (deep-Flonap argh-fun z-fm) dfm)

Microsoft®

NET

p-Flonap-bulge (deep-flonap (Flonum Flonun -> Real) > deep-Flomap))

(define (deep-flonap-bulge dfn f)
dfn (A (cx cy) ( (F ex cy))))




#lang typed/racket/base #1an,

typed/racket/base
(require racket/match racket/math racket/flonun

#lang typed/racket/base
(require racket/flonun

(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“Flowap. rkt")
(provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z

(except-in racket/fixnum fl->fx Fx->f1) (except-in racket/fixnum Fl->Fx Fx->1)

«flotum. rkt” racket/match racket/math

“Flomap-struct. rkt")

(provide izontal p-vertical p-transpe

flonap-cu-rotate flomap-ccw-rotate

(struct-out invertible-2d-function) Flomap-Transform (provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2

tr pose rotate-transforn o faneg faabs fasqr fasin fcos fatan falog fexp fasart faasin facos fratan " p-Flonap p-Flonap
Flonap-transform) faround fafloor faceiling fatruncate fazero Flonap->deep-Flonap
G flomap-flip-horizontal (Flonap -> Flonap)) fae fu- fox fa/ fanin fomax ; sizing
(define (Flonap-flip-horizontal fm)
(natch-define (flonap vs c w h) fa) ; ; Z-adjusting
(define w1 (- w 1))  Unary 1t
(inline-build-Flonap c w h A (k x y D (: flomap-Lift-helper : (Float -> Float) -> (lonap > flowap)) deep-flomap-enboss
(unsafe-Flvector-ref vs (coords->index ¢ w k (Fx- w1 %) ¥)))) (define (Flosap-Lift-helper )
(define (Flonsp-Flip-vertical fm) (A (T : Flonap]) izontal tical
(natch-define (flonap vs c w h) ) (Ratch-define (Flonap vs c w h) ) deep-Flonap-bulge-ripple
(define h-1 (Fx- h 1)) (Flomap (inline-build-flvector (x ¢ w h) (A (i) (f (unsafe-flvector-ref vs )))) ; Compositing
GinLine-build-flomap < w h Gh < x y ) cwmy decp-Flonap-pin deep-Flonap-pine
(unsafe-flvector-ref vs (coords->index < w k x (fx- h-1 ¥)))) (: flonap-Lift ((Flonun -> Real) > (flonap -> flonap))) o-Flonap-1t-superinpose decp-flonap-lc-superinpose decp-flonap-Lo-super inp
(define (Flonap-transpose fm) (define (Flomap-Lift op) P Flonap-ct-superinpose deep-flonap-cc-superinpose deep-flonapcb-superinp
(rateh-define (Flosap vs < w ) ) (Flomsp-Lift-helper (A (x) Creal->double-flonum (op x)2))) o-Flosap-rt-super inpose deep-Flonap-rc-super inp p-rb-super s
(inline-build-Flomap  hw (A (k x y ) (define faneg (Flonap-Lift-helper -)) P onar il apbend deep Tionap yeTappend deep Tiomap v -eppend
(unsafe-Flvector-ref vs (coords->index ¢ w k y 1)) (define fnabs (flomap-Lift-helper abs)) (struct: decp-Flonap (Torgh ¢ Flowap] (= « Flonep) e
(define (flonap-cu-rotate ) (define fasar (Flonap-1ift-helper sar)) e transparent
(natch-define (flonap vs c w h) fa) (define fasin (Flonap-1ift-helper sin)) oegoard
(define b1 (x- h 1) (define facos (Flonap-1ift-helper cos))
(A argb-fn z-fm nane)
(inline-build-flonap c hw (A (k x y D) (define fatan (Flonap-1ift-helper tan)) ot dntin (T 4w by argbfe)
(unsafe-flvector-ref vs (coords->index ¢ w k (fi- h-1 ) 7)) (define flog (flonap-1ift-helper fllog)) A
(define (Flonap-co-rotate f) (define frexp (Flonap-1ift-helper exp)) -
(hatch-define (Flonap v ¢ w h) fa) (define fasart (flomap-1ift-helper flsart)) (untess (and (= w 20 (= b 28
e e (dutine frasin (Flompeiif-telper ssimy o oo , B
e txy s (etine fracon (Flomp1ift-helner scomyy o o o of sl it gitn letiors s ahd et o %
(unsafe-flvector-ref vs (coords->index c w k y (fi- w1 1)) (define faatan (flonap-lifi-helper atam) (¢ Flonap->deep-Flonap (Flonap > deep-Flonap))
(struct:_invertible-2d-function (Lf : (Flonua Flonum -> (values Flonun Flonum)] (st faon (ol ftslos Lt

This could happen anywhere.

(when (new-y . < . yu

n) (set! y-nin new-y))
(when (new-y . > . y-max) (set! y-max new-y))
(x-loop (fx+ x 1)1

[else

(define (deep-flonap-scale-z dfm 2)
(match-define (deep-flonap argh-fu z-fm) dfm)
(deep-flomap argb-fn (fmx z-fn 2)))

¢ Real >
(¥-loop (Fx+ y 1D (define (deep-Flonap-smooth-z dfn 0)
(flonap-transforn fm t x-nin x-nax y-min y-nax)] (let ([0 (exact->inexact 0)1)
[(fn t x-min x-max y-min y-nax) (match-define (deep-Flonap argh-fn z-fm) dfm)
(et (De-nin (real->double-Flonun x-nin)] (define new-z-fn (flonap-blur z-fm 0))
[x-nax  (real->double-Flonum x-nax)] (deep-Flomap argb-fn new-z-fm))
[y-nin  (real->double-Flonun y-ain)] ; deep-Flonap-raise and everything derived from it observe an invariant
[y-nax  (real->double-flonun y-nax)1) ; when z is added, added z must be 0.0 everywhere alpha is 0.0
(match-define (Flonap vs c w h) fm)

(U Real flonap) -> )
(match-define (invertible-2d-function f g) (t w b))

¢
(define int-x-min (FL->fx (Floor x-aim)) (define (deep-Flonap-raise dfn z)
(define int-x-nax (Fl->fx (ceiling x-n86))) (satch-ieine (deep-flonsp argh-fa 2-fn) dfe)
(define int-y-nin (fl->fx (Floor yomin)) (define alpha-fn (deep-Flonap-alpha dfm))
(define int-y-nax (Fl->fx (ceiling y-asx))) (deep-flomap argb-fm (fn+ z-fm (fns alpha-fm 2))))
(define new-w (- int-x-nax int-x-nin)) (: decp-lonap-eaboss.(decp-Flonsp Real (U Rl Flomsp) => decp-Flonap))
(define new-h (- int-y-nax int-y-nin) (define (deep-Flonap-emboss dfn xy-amt z-amt)
(define x-offset (+ 0.5 (fx->f1 int-x-nin))) et (0 (/ xy-amt 3.0)])
(define y-offset (+ 0.5 (fx->f1 int-y-nin))) (define z-fn (Flonap-nornalize (deep-Flomap-alpha df)))
(inline-build-Flonap (define new-z-fn (fx (flonap-blur z-f o) z-amt))
< neww new-h (deep-flomap-raise dfn new-z-fm))
A Goxy D (: deep-Flonap-bulge-helper (deep-flonap (Flonum Flonun -> Flonum) -> deep-flomap))

(define-values (old-x old-y) (g (+ (Fx->f1 x) x-offset) (define (deep-flonap-bulge-helper dfn )

(+ (Fx->f1 y) y-offset))) (let O
(flomap-bilinear-ref fm k old-x 01d-y))))1)) (define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (x 0.5 (Fx->f1 W) 0.5)

(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm
(inline-build-flonap

Twh
A CxyD
(F ¢ ¢/ (Fo>F 0 half-xsize) 1.0)
(- ¢ (x> y) half-y-size) 1.0))))
(deep-Flomsp-raise dfn z-fn)))
(: deep-Flonap-bulge (deep-Flonap (Flonum Flonum -> Real) -> deep-flomap))
(define (deep-flomap-bulge dfm )

nent fn 0))

ponents alpha-fn (fadiv/zero (flomap-drop-coaponents fm 1

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonum. rkt”

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)

racket/match racket/math
“Flomap-struct. rkt")

(provide

izontal p-vertical p-transp:

flonap-cu-rotate flomap-ccw-rotate

“Flonap-stats. rkt”

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero

(struct-out invertible-2d-function) Flomap-Transform
tr rotate-transform
Flonap-transform)

(: flomap-Flip-horizontal (flomap -> flomap))

v fu- fox fn/ Fanin famax
(define (flomap-flip-horizontal fm)

(natch-define (flomap vs c w h) fm)

(define w-1 (fx- w 1)) 5 Unary
(inline-build-Flomap c w h (A (k x y ) (: flomap-Lift-helper : (Float -> Float) -> (flomap -> flomap))
(define (flomap-lift-helper f)

O (Tfm s

(match-define (flomap vs c w h) fm)

(unsafe-flvector-ref vs (coords->index c w k (Fx= w-1 %) ¥))))
(define (flonap-flip-vertical fim) Flonap])
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1)) (Flomap (inline-build-flvector (x c w h) (A (1) (f (unsafe-flvector-ref vs 1))))
cwh))
: flomap-1ift ((Flonun -> Real) -> (flomap -> flomap)))
(define (flomap-1ift op)

(inline-build-flonap c w h (A (k x y )

(unsafe-flvector-ref vs (coords->index < w k x (fx- h-1 ¥)))) ¢
(define (Flonap-transpose fm)
(natch-define (flonap vs c w h) fa) (Flonap-Lift-helper (A (x) (real->double-Flonum (op x)))))
(inline-build-Flonap c hw (A (k x y ) (dofine faneg (flonap-Lift-helper -))
(unsafe-flvector-ref vs (coords->index ¢ w k y x)))))

(define frabs (flonap-lift-helper abs))
(define (flomap-cu-rotate fm)

(define fasqr (flonap-lift-helper sar))
(match-define (flomap vs c w h) fm)

(define h-1 (fx- h 1))
(inline-build-flonap ¢ hw (A (k x y 1)

(define fmsin (flomap-lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define flog (flonap-1ift-helper fllog))
(define frexp (Flonap-1ift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fasin (Flosap-1ift-helper asin)
(define fmacos (flomap-lift-helper acos))
(define fmatan (flomap-1lift-helper atan))
(define fmround (flomap-lift-helper round))
(deine._fnfloor._(Flonan-1ft-helner._Floar)

(unsafe-flvector-ref vs (coords->index ¢ w k (F- h-1y) ))))
(define (flomap-ccu-rotate fn)
(natch-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap c hw (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k y (fx- w-1 X))
(struct: invertible-2d-function ([f : (Flonum Flonum -> (values Flonum Flonum))1

Racket Solution

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“Flowap. rkt")
(provide deep-flonap deep-Fflonap? deep-Flonap-argh deep-flonap-z

Flonap->deep-Flonap
; sizing

i Z-adjusting

1t
deep-flonap-emboss

p-flomap-bulge-sp p-Flonap-bulge-horizontal deep-Flonap tical
deep-flonap-bulge-ripple

; Compositing

deep-flonap-pin deep-flomap-pin*

p-flomap-ct-superinpose deep-flomap-cc-superinpc p-Flomap-cb-superimpx
p-Flonap-rt-superinpose deep-flonap-rc-superinpose deep-Flonap-rb-superinps
p-Flonap-v1-append deep-flomap-ve-appe p-Flonap-vr-append

(struct: deep-Flomap (Targb : flomap] [z : flomapl)
#:transparent
#:guard
(A (argb-fn z-fm nane)
(match-define (flomap _ 4 w h) argb-fm)

(match-define (flomap _ 1 zv zh) z-fm)
(unless (and (= w zv) (= h zh))
(error *deep-flonap

“expected flomaps of equal dimension; given dimensions ~ex-e and ~ex~e" w h zw zh))
(values argb~fm z-fm)))

(: flomap->decp-flonap (flomap -> deep-flomap))

(define (flonap->deep-Flonap argh-fn)

[St-Amour et al., OOPSLA 2012]

(define x-offset (+ 0.5 (f:
(define y-offset (+ 0.5 (x->fl int-y-min))
(inline-build-Flomap

(define fomax (flonap-Lift-helper2 'famax max))
(: flomap-normalize (flomap -> flomap))
< new-w new-h
A oxy D
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)
G (P>l y) yroffset))) i
(Flonap-bilinear-ref fn k old-x old-y))1) )
(define fadiv/zero

(define (flomap-normalize fm)
(define-values (v-min v-max) (flonap-extreme-values fm))
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]

Gif (v-size . = . 0.0) fm (fa/ fm v-size))])

(Flomap-1ift-helper2 *fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

(define new-z-fm (fmx (Flonap-blur z-fm 0) z-amt))
(deep-flomap-raise dfn new-z-fn)))
(: deep-flonap-bulge-helper (deep-flomap (Flonum Flonun -> Flonum) -> deep-flomap))
(define (deep-flonap-bulge-helper dfm f)
et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (+ 0.5 (fx->fl w)) 0.5))

(define half-y-size (- (x 0.5 (fx->f1 1) 0.5))
(define z-fm
(inline-build-flonap
Twh
A CxyD
(F (- / (Fx>f ) halfx-size) 1.0)
(- ¢ (x>F1 y) half-y-size) 1.0))))
(deep-Flomsp-raise dfn z-fn)))
(: deep-Flonap-bulge (deep-Flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flomap-bulge dfm )

p-flomap-bulge-helper dfn (A (cx cy) ( F ex )



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonum. rkt”
“Flomap-struct. rkt")

(provide

P izontal p-vertical p-transp:
flonap-cu-rotate flomap-ccw-rotate

(struct-out invertible-2d-function) Flomap-Transform

tr rotate-transform

Flonap-transform)

(: flomap-Flip-horizontal (flomap -> Flomap))
(define (flonap-flip-horizontal fa)
(natch-define (flonap vs c w h) fa)
(define w-1 (Fx- w 1))
(inline-build-Flomap c w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1 %) ¥))))
(define (flonap-flip-vertical fm)
(atch-define (Flonap vs < w h) fa)
(define h-1 (Fx= h 1))
(inline-build-Flomap c w h (A (k x y 3
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1 ¥))))))
(define (flonap-transpose fm)
(atch-define (flonap vs c w h) fa)
(inline-build-Flomap c h w (A (k x y 3)
(unsafe-flvector-ref vs (coords->index ¢ w k y x)))))
(define (flomap-cw-rotate fm)
(atch-define (Flonap vs ¢ w h) fa)
(define h-1 (Fx= h 1))
(inLine-build-flonap ¢ hw (A (k x y )
(unsafe-flvector-ref vs (coords->index ¢ w k (Fx= h-1 y) x)))))
(define (flomap-cew-rotate fm)
(atch-define (flonap vs c w h) fa)
(define w-1 (Fx- w 1))
(inline-build-Flomap c hw (A k x y 3)
(unsafe-flvector-ref vs (coords->index c w k y (Fx= w-1 20))))
(struct: invertible-2d-function (Lf : (Flonum Flonun -> (values Flonun Flonum))]

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math

“Flonap-stats. rkt”

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero
v fu- fox fn/ Fanin famax

 Unary
(: flomap-Lift-helper : (Float -> Float) -> (lonap > flowap))
(define (flomap-lift-helper f)
(A (tFm ¢ Flonap))
(match-define (flomap vs ¢ w h) fm)
(flomap (inline-build-flvector (*x ¢ w h) (A (i) (f (unsafe-flvector-ref vs i))))
cwh))
(: flomap-1ift ((Flonum -> Real) -> (flomap -> flomap)))
(define (flomap-1ift op)
(flomap-lift-helper (A (x) (real->double-flonum (op x)))))

(define fmneg (flomap-lift-helper -))
(define fmabs (flomap-lift-helper abs))
(define fmsqr (flomap-lift-helper sqr))
(define fmsin (flomap-lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define flog (flonap-1ift-helper fllog))
(define frexp (Flonap-1ift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fasin (Flosap-1ift-helper asin)
(define fmacos (flomap-lift-helper acos))
(define fmatan (flomap-1lift-helper atan))
(define fmround (flomap-lift-helper round))

(define_fnfloor_(Flanan-1ift-helner_floar))

Racket Solution

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnun fx->f1 f1->1
racket/match racket/math
“Flonun. rkt”
“Flowap. rkt")

(provide deep-flonap deep,

deep-flonap-bulge-s,
deep-flonap-bulge-rippl®
; Compositing
deep-flonap-pin deep-flomap-pin*
deep-flonap-1t-superinpose deep-Flomap-
deep-Flomap-ct-superinpose deep-Flonap-ca
deep-flonap-rt-superinpose deep-flomap-rc-s
deep-Flonap-v1-append deep-Flonap-ve-append d
deep-flonap-ht-append deep-Flonap-hc-append deep-
(struct: deep-Flomap (Targb : flomap] [z : flomapl)
#:transparent
#:guard
(A (argb-fn z-fm nane)
(match-define (Flomap _ 4 w h) argb
(match-define (flomap, Zh) z-fi
(unless (and (= w 2
(error *deep-flona)
“expected f10 equal dimension; given dimensions ~ex-e and ~ex-e” w h zw zh))
(values argb~fm z-fm)))
(: flomap->decp-flonap (flomap -> deep-flomap))
(define (flonap->deep-Flonap argh-fn)

[St-Amour et al., OOPSLA 2012]

(define x-offset (+ 0.5 (fx-
(define y-offset (+ 0.5 (fx->f1 int-y-nim))
(inline-build-flomap
< new-w new-h
A oxy D
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)
G (P>l y) yroffset)))
(flomap-bilinear-ref fm k old-x old-y))))1))

(define famax (flonap-1ift-helper2 'famax max))
(: flomap-normalize (flomap -> flonap))

(define (flomap-normalize fm)
(define-values (v-min v-max) (flonap-extreme-values fm)) ¢
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])
)
(define fadiv/zero
(Flomap-1ift-helper2 *fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

G

(define new-z-fm (fmx (Flonap-blur z-fm 0) z-amt))
- )
deep-flomap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-Flomap))

(deep-flomap-raise dfn new

(define (deep-flonap-bulge-helper dfm f)

et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (+ 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm

(inline-build-flonap

Twh
NCxyD
(F (= (/ (Fx>F1 %) half-x-size) 1.0)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-m)))
deep-Flomap-bulge (deep-flonap (Flonum Flonun -> Real) -> deep-flomap))

(define (deep-flonap-bulge dfn )

p-flomap-bulge-helper dfn (A (cx cy) ( F ex )



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonum. rkt”
“Flomap-struct. rkt")

(provide

P izontal p-vertical p-transpe
flonap-cu-rotate flomap-ccw-rotate
(struct-out invertible-2d-function) Flomap-1
transforn-compose rotate-transform whirl-anc
Flonap-transform)
(: flomap-Flip-horizontal (flomap -> flomap))
(define (flomap-flip-horizontal fm)
(natch-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap c w h (A (k x y )
(unsafe-flvector-ref v
(define (flonap-flip-vertical fim)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap c w h (A (k x y )
(unsafe-flvector-ref v
(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flonap c hw (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k y x)))))
(define (flomap-cu-rotate fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap ¢ hw (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k (F- h-1y) ))))
(define (flomap-ccu-rotate fn)
(match-define (flomap vs c w h) fm)
(define w-1

(inline-buil
(struct: inver

(define-type 1
(: transforn-
(define ((trar
(match-defir
(match-defir

(invertible:

(: Flomap-trar

(define y
(define y
(let: y-
(when (
(et

(c¢

Kmaoop (rRr & 120

e T —

(y-loop (Fxr y 19)1)))
(flonap-transforn fm t x-min x-max y-min y-nax)]
[(fm t x-min x-nax y-min y-nax)
(let ([x-nin  (real->double-Flonun x-min)]
[x-nax (real->double-Flonun x-nax)]
[y-nin (real->double-Fflonun y-min)]
[y-nax (real->double-Flonun y-nax)])
(match-define (flonap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w b))
(define int-x-min (FL->Fx (Floor x-min)))

(define int-x-nax (FL->Fx (ceiling x-max)))
(define int-y-min (FL->Fx (Floor y-min)))
(define int-y-max (FL->fx (ceiling y-max)))

(define new-w (- int-

max int-x-min))
(define new-h (- int-y-max int-y-min))

(define x-offset (+ 0.5 (fx->f1 int-x-nin)))

(define y-offset (+ 0.5 (fx->f1 int-y-nin)))
(inline-build-flonap
© new-w new-h
A kxy D
(define-values (old-x old-y) (g (+ (Fx->f1 x) x-offset)
@ (Fo>F1y) y-offset))
(Flonap-bilinear-ref fn k old-x old-y)))1))

ptimization

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math

“Flonum. rkt”

Flonap-struct. rkt"

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math

“Flonun. rkt’
“Flowap. rkt")

b deep-flonap-z
2p-Flonap-z-min deep-flonap-z-nax
“flonap-rgb

“flonap-scale deep-flonap-resize

2 deep-flomap-raise deep-flomap-tilt

nd deep-Flonap-bulge-round-rect
bulge-horizontal deep-flonap-bulge-vertical

Le-superinpose deep-flomap-Lb-superinpose
cc-superinpose deep-Flomap-ch-superinpose

(define faneg (flonap-Lift-helper -))
(define fnabs (flonap-lift-helper abs))
(define fasqr (flonap-lift-helper sar))
(define fasin (flonap-lift-helper sin))
(define ficos (flonap-1ift-helper cos))
(define fatan (flonap-lift-helper tan))
(define falog (flonap-lift-helper fllog))
(define frexp (flonap-lift-helper exp))
(define fasart (flomap-lift-helper flsart))

SiUperiiipose deep-Flonap-rc-super inpose deep-Flonap-rb-superinp:
qv—ﬂ -append deep~Flonap-vc-append deep-Flonap-vr-append

deep-Flomap-ht-append deep~Flonap-hc-append deep-flonap-hb-append)
(struct: deep-Flomap (Targb : flomap] [z : flomapl)
#:transparent
#:guard
(A (argb-fn z-fm nane)
(match-define (flomap _ 4 w h) argb-fm)
(match-define (flomap _ 1 zv zh) z-fm)
(unless (and (= w zw) (= h zh))

v 2w zh))

(define flomay
(case-lanbd:
I t)
(match-de
(match-de
(define 5
(define 5

clwh
A (k x y i) (F (unsafe-flvector-ref vs1 1)

(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))1
[else
(error name (string-append "expected flomaps with the same nusber of components, *
“or a flowap with 1 component and any same-size flomap; "

“given flonaps with ~e and ~e components")
€ D)

(: lomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name )

P per2 nane (A (x y) F x ¥
(define fme (Flonap-1ift-helper2 ‘fm +))
(define fa- (Flonap-1ift-helper2 'fu- -))
(define fus (Flomap-1ift-helper2 'fus %))
(define fa/ (flomap-1ift-helper2 'fu/ /))
(define famin (flonap-lift-helper2 ‘famin min))
(define famax (flonap-lift-helper2 'famax max))
(: flomap-normalize (flonap -> flonap))
(define (flomap-normalize fm)
(define-values (v-min v-max) (flomap-extreme-values fm))
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])
)
(define fadiv/zero
(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))

(Flonap-append-coaponents alpha-fn (fadiv/zero (flonap-drop-components fn 1) alpha-fa))1)) ¢

_B))

(define (deep-Flomap-suooth-z dfm 0)
(et ([0 (exact->inexact 0)1)
(natch-define (deep-flonap argb-fun z-fm) dfm)
(define new-z-fm (flonap-blur z-fim 0))
(deep-flomap argb-fm new-z-fm)))
; deep-flomap-raise and everything derived from it observe an invariant:
; when z is added, added z nust be 0.0 everywhere alpha is 0.0
¢ (U Real flonap) -> )
(define (deep-Flomap-raise dfn 2)

(match-define (deep-flonap argh-fum z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-fm (fwr alpha-fm 2))))
(: deep-flonap-enboss (deep-flomap Real (U Real flomap) -> deep-flomap))
(define (deep-flomap-emboss dfm xy-ant z-amt)
(et ([0  xy-ant 3.0)1)
(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))
(define new-z-fm (fnx (Flonap-blur z-fm 0) z-ant))
-F))
(: deep-flonap-bulge-helper (deep-flomap (Flonum Flonun -> Flonum) -> deep-flomap))
(define (deep-flonap-bulge-helper dfm f)
et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (+ 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm
(inline-build-flonap

(deep-flomap-raise dfn new

Twh
A CxyD
(F (- U/ (Fx>f1 ) half-x-size) 1.0)
(- ¢ (x> y) half-y-size) 1.0))))
(deep-Flomap-raise dfn z-fm)))
+ deep-Flonap-bulge (deep-Flonap (Flonun Flonum ~> Real) -> deep-Flonap))
(define (deep-Flonap-bulge dfn )

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base
(require racket/match racket/math racket/flonun
Cexcept-in racket/fixnun fl->fx fx->f1)

“Flonun. rkt"
“flonap-struct. rkt")
(provide flonap-flip-horizontal flomap-flip-vertical flomap-transpc

flonap-cu-rotate flomap-ccw-rotate
(struct-out invertible-2d-function) Flomap-Transform

Flonap-transform)
(: Flomap-fLip-horizontal (flonap -> flomap))
(define (flonap-flip-horizontal fm)
(natch-define (flonap vs < w h) fa)
(define w1 (Fx- w 1))
Cinline-build-flomap ¢ w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1 %) ¥))))
(define (flonap-flip-vertical fm)
(match-define (Flonap vs c w h) fm)
(define h-1 (fx- h 1))
Cinline-build-Flomap ¢ w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1 ¥)))))
(define (flomap-transpose fm)

(natch-define (flonap vs < w h) fa)
Cinline-build-flonsp ¢ hw (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k y )))))
(define (flonap-cu-rotate fn)
(match-define (flonap vs  w h) f)
(define h-1 (fx- h 1))
Cinline-build-flonsp ¢ hw (A (k x y 1)
(unsafe-Flvector-ref vs (coords->index ¢ w k (Fx- h1y) ))))
(define (flomap-ccw-rotate fn)
(match-define (flonap vs  w h) f)
(define w1 (Fx= w 1))
CinLine-build-flonsp ¢ hw (A (k x y 1)

(unsa

~flvector-ref vs (coords->index ¢ w k y (Fx- w1 x)))))
(struct: invertible-2d-function (Lf : (Flonum Flonus -> (values Flonum Flonum))]

(Flonun Flonum -> (values Flonus Flonum))1))
(define-type Flonap-Transforn (Integer Integer -> invertible-2d-function))

« z P P -> Flomap:
(define ((transforn-cospose t1 t2) w h)
(match-define (invertible-2d-function 1 g1) (t1 w h))
(natch-define (invertible-2d-function 2 §2) (t2 w h))
Cinvertible-2d-function (A: ([x : Flonun] [y : Flonun)
(let-values ([(x ) (f2 x 1)
1 x )
(A (Ix : Flonum] [y : Flonuml)
(let-values (L(x y) (g1 x »I)
€2 x y))))
« 2 (case-> (flomap Flomap- > flonap)
(flonap Flomap-Transform Real Real Real Real -> flonap)))

(define flomap-transforn
(case-lanbda
I )
(match-define (flonap vs c w h) fa)
(match-define (invertible-2d-function f g) (t w b))

(define y-min +inf.0)
(define y-max -inf.0)
(let: y-loop : Void ([y : Integer o))
(uhen Cy . Fx< . )
(let: x-loop : Void ([x : Integer 01)

Ccond [(x . fx< . w)
(define-values (new-x n

) (F (0.5 (Fo>fL ) (+ 0.5 (P>l 1))
(when (new-x . < . x-min) (set! x-min new-x))
(when (new-x . > . x-max) (set! x-max new-x))
(when (new-y . < . y-min) (set! y-min new-y))
(when (new-y . > . y-max) (set! y-max new-y))
(x-loop (fx+ x 1)1
Lelse
(-loop (Fer y 1))
~transforn fa t x-nin x-nax y
in x-max y-nin y-nax)
(et (De-nin (real->double-Flonum x-min)]
Dx-max (real->double-Flonum x-nax)]
[y-nin  (real->double-Flonun y-min)]
[y-nax (real->double-Flonum y-nax)])
(natch-define (flonap vs ¢ w h) fm)
(natch-define (invertible-2d-function f g) (t w b))
~min (F1->Fx (Floor x-ain))
max (F1->Fx (ceiling x-nax))
i (F1->Fx (Floor y-min))
max (FL->fx (ceiling y-nax)))
(define new-w (- int-x-nax int-x-nin))

n y-nax)]

~h (- int-y-max int-y
(define x-offset (+ 0.5 (fx->fl int
(define y-offset (+ 0.5 (Fx->fl int-y
(inline-build-Flomap

© new-w new-h
A kxy D
(define-values (old-x old-y) (g (+ (Fx->fl x) x-offset)
(+ (Fx=>F1 y) y-offset)))
(Flonap-bilinear-ref fn k old-x old-y)))1))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math
Flonun. rkt"
"Flonap-struct. rkt"
"flonap-stats.rkt")

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg fnabs fmsqr fmsin ficos fatan fulog fmexp fmsqrt fmasin fmacos fmatan
faround fufloor faceiling fmtruncate fnzero
fae fu- fux f/ famin fanax

5 Unary

(: flonap-Lift ((Flonum -> Real) -> (flonap -> flowap)))
(define (flonap-1ift op)
per (A () (op 1)2))
(define faneg (Flonap-Lift-helper -))
(define faabs (flonap-Lift-helper abs))
(define fasar (flonap-Lift-helper sar))
(define fasin (flonap-Lift-helper sin)
(define facos (flonap-Lift-helper cos))
(define fatan (flonap-Lift-helper tan))
(define fulog (flonap-Lift-helper f1log))
(define fnexp (flonap-Lift-helper exp))
(define fasart (Flomap-lift-helper flsart))
(define faasin (Flomap-1ift-helper asin))
(define fnacos (Flomap-1ift-helper acos))
(define fnatan (Flomap-1ift-helper atan))
(define faround (flonap-Lift-helper round))
(define fafloor (flonap-Lift-helper floor))
(define fuceiling (flonap-1ift-helper ceiling))
(define fatruncate (flomap-lift-helper truncate))
(define fuzero (flomap-lift-helper (A (x) (i (x . = . 0.0) 1.0 0.0))))

5 Binary

(: Flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flonap) (U Real flomap) -> flomap)))
(define (flomap-1ift2 name )

P per2 nane (A (x y) o x )
fme (Flonap-Lift-helper2 'fu +))

fn- (Flonap-1ift-helper2 'fu- -))

fme (Flonap-Lift-helper2 'fux %))

fn/ (Flonap-Lift-helper2 'fu/ /))

(define famin (flonap-lift-helper2 ‘famin min))

£51%
R R

(define famax (flonap-lift-helper2 'famax max))

(: flomap-normalize (flonap -> flonap))
(define (flomap-normalize fm)
f (vemin v-nax) o )
(define v-size (- v-max v-nin))
(letx (Lfn (fo- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])

)
(define Fadiv/zero
(Flomap-1ift-helper2 *fadiv/zero (A (x y) (if (y .
(: flonap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fn)
(match-define (Flonap _ c w h) fm)
(cond [(c . <= . 1) fu]

0.0) 0.0 (/ x YN

Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(FLonap-append-components alpha-fa (fadiv/zero (flonap-drop-components fn 1) alph:

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->f1 f1->Fx)
racket/match racket/math
“Flonun. rkt”
“Flonap.rkt”)
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flonap-z

flonap->deep-Flonap
; sizing
; Z-adjusting

deep-flonap-emboss.

deep-flonap-bulge-ripple
; Compositing
deep-flonap-pin deep-flomap-pin*
deep-flonap-1t-superinpose deep-flonap-lc-superinpose deep-flomap-lo-superinpose
deep-flonap-ct-superinpose deep-flonap-cc-superinpose deep-flomap-cb-superinpose
deep-flonap-rt-superinpose deep-flonap-rc-superinpose deep-flomap-rb-superinpose
deep-flonap-v1-append deep-Flonap-vc-append deep-flonap-vr-append
deep-Flomap-ht-append deep-Flonap-hc-append deep-flonap-hb-append)
(struct: deep-flonap ([argb : flomap] [z : flomapl)
#:transparent
#:guard
(A (argb-fn z-fm nane)
(match-define (flomap _ 4 w h) argb-fm)
(match-define (flomap _ 1 zv zh) z-
(unless (and (= w zv) (= h zh))
(error *deep-flonap

“expected flomaps of equal dimension; given dimensions ~ex-e and ~ex
(values argb~fm z-fm)))
(: flomap->deep-flonap (flomap -> deep-flomap))
(define (flonap->deep-flonap argb-fm)
(natch-define (flonap _ 4 w h) argb-fm)
(deep-flomap argb-fn (wake-flonap 1 w h)))
(: deep-Flomap p-flonap -> Nonnegati
(define (deep-flonap-width dfm)
(define w (flonap-width (deep-flomap-argb dfm)))
(with-asserts (Iw nonnegative-fixnua?1)
)

wh 2w zh)

P ~> Nonneg:
(define (deep-flonap-height dfm)
(define h (flonap-height (deep-flomap-argb dfi)))
(with-asserts (Th nonnegative-fixnua?1)

(: deep-Flomap
(define (decp-Flonap-z-nin dfm)

in (deep-flonap -> Flonum))

(flomap-min-value (deep-Flomap-z dfm)))
(: deep-flomap-z-max (deep-flonap -> Flonum))
(define (deep-Flomap-z-nax dfm)

(Flomap-nax-value (deep-flomap-z df)))
« -> (values
(define (deep-flomap-size dfm)
(values (deep-flomap-width dfw) (deep-flonap-height dfm)))
(: deep-flomap-alpha (deep-flonap -> flomap))
(define (deep-flonap-alpha dfn)
(flowap-ref-conponent (deep-flomap-argh dfm) 0))
(: deep-flomap-rgh (deep-flonap -> flowap))
(define (deep-flomap-reb dfi)
(flowap-drop-conponents (deep-flomap-argb dfn) 1))

i Z adjusters
(: deep-Flomap-scale-z (deep-flomap (U Real flomap) -> deep-flonap))
(define (deep-Flonap-scale-z dfn 2)
(match-define (deep-flonap argb-fm z-fm) dfm)
(deep-flomap argb-fn (fmx z-fm 2)))
(: deep-Flomap p-Flonap Real -> deep-flomap:

(define (deep-flomap-saooth-z dfn 0)
(et ([0 (exact->inexact o)1)

(natch-define (deep-flomap argb-fun z-fm) dfm)

(define new-z-fm (flonap-blur z-fim 1))

(deep-flomap argb-fm new-z-fm)))
; deep-flomap-raise and everything derived from it observe an invariant:
; when z is added, added z must be 0.0 everywhere alpha is 0.0
(: deep-flomap-rai: p-flonap (U Real flomap) -> deep-flonap
(define (deep-flomap-raise dfm 2)

(match-define (deep-Fflonap argh-fm z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-f (fx alpha-fm 2))))
(U Real flomap) -> deep-Flomap))
(define (deep-flonap-esboss dfm xy-amt z-amt)

Qet ([0 (/ xy-amt 3.0)])

(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))

) z-amt))

(define new-z-fm (fmx (flomap-blur z-+
)

(deep-flomap-raise dfn new-:

(: deep-flonap-bulge (deep-Flonap (Flonum Flonum -> Real) -> deep-flowap))
(define (deep-flomap-bulge dfm f)
dfn (A (cx cy) (f ox o))




#lang typed/racket/base
(require racket/match racket/math racket/flonun
Cexcept-in racket/fixnun fl->fx fx->f1)

“Flonun. rkt"
“flonap-struct. rkt")
(provide flonap-flip-horizontal flomap-flip-vertical flomap-transpc

flonap-cu-rotate flomap-ccw-rotate
(struct-out invertible-2d-function) Flomap-Transform

Flonap-transforn)
(: flomap-flip-horizontal (flonap -> flomap))
(define (flomap-flip-horizontal fm)
(match-define (flonap vs c w h) fm)
(define w1 (Fx= w 1))
Cinline-build-flomap ¢ w h (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k (Fx- w-1 x) ¥)))))
(define (flonap-flip-vertical fm)
(natch-define (flonap vs c w h) fm)
(define h-1 (Fx= h 1))
Cinline-build-flonap ¢ w h (A (k x y 5)
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx= h-1 ¥))))))
(define (lomap-transpose fm)
(match-define (flomap vs  w h)

)
Cinline-build-flomap ¢ hw (A (k x y )

(unsafe-flvector-ref vs (coords->index c w k y x)))))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math
Flonun. rkt"

"Flonap-struct. rkt"
"flonap-stats.rkt")

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg fnabs fmsqr fmsin ficos fatan fulog fmexp fmsqrt fmasin fmacos fmatan
faround fufloor faceiling fmtruncate fnzero
fae fu- fux f/ famin fanax

5 Unary

(: flomap-1ift ((Flonun -> Real) -> (flonap -> flowap)))
(define (flomap-1ift op)

p-li per (A () (op 0))))
(define faneg (flonap-Lift-helper -))
(define fnabs (flonap-lift-helper abs))

Optimization Coacl

flomap-1ift-helper

Missed Inlining (O success out of 46)
Consider using "~ define-inline', ~begin-encourage-inline' or
turning this function into a macro to force inlining.

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->f1 f1->Fx)
racket/match racket/math
“Flonun. rkt”
“Flonap.rkt”)
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flonap-z

flonap->deep-Flonap
; sizing
; Z-adjusting

deep-flonap-emboss

deep-flonap-bulge-ripple
; Compositing
deep-Flomap-pin deep-Flomap-pin+
deep-flonap-1t-superinpose deep-flonap-lc-superinpose deep-flomap-lo-superinpose
deep-flonap-ct-superinpose deep-flonap-cc-superinpose deep-flomap-cb-superinpose
deep-flonap-rt-superinpose deep-flonap-rc-superinpose deep-flomap-rb-superinpose
deep-flonap-v-append deep-Flonap-vc-append deep-flonap-vr-append
deep-Flomap-ht-append deep-Flonap-hc-append deep-flonap-hb-append)

fg

onum y-n2)1)
(match-define (flonap vs c w h) f)
(match-define (invertible-2d-function f §) (t w h)
i (F1->Fx (Floor x-ain))
max (F1->Fx (ceiling x-nax))
i (F1->Fx (Floor y-min))
max (FL->fx (ceiling y-nax)))
(define new-w (- int-x-nax int-x-nin))
h (- int-y-nax int-y
(define x-offset (+ 0.5 (fx->fl int-
(define y-offset (+ 0.5 (fx->f1 int-y
(inLine-build-flonap
< new-w new-h
A kxy D
(define-values (0ld-x old-y) (g (+ (fx->Fl x) x-offset)
@ (Fx>f1y) yoffse)))
(Flonap-bilinear-ref fn k old-x 0ld-y)))1))

G flonap-Liftz (symbol (Flonum Flonum -> Real) -> ((U Real flonap) (U Real flomap) -> flonap)))
(define (Flonap-1ift2 name )
P per2 name (A (x y) & x v
(define fne (Flonap-Lift-helper2 'far +))
(define fa- (Flonap-Lift-helper2 'fa- -))
(define fms (Flonap-Lift-helper2 'fax +))
(define fa/ (flonap-Lift-helper2 'fa/ 1))
(define famin (lonap-Lift-helper? *fanin min))

(define famax (flonap-lift-helper2 'famax max))

-normalize (Flomap -> flomap))
(define (flomap-normalize fm)
i (v-min v-max) o )
(define v-size (- v-max v-nin))
(letx (Lfn (fo- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])

)
(define fadiv/zero

(Flomap-1ift-helper2 *fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y))))

(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm]

Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(FLonap-append-components alpha-fa (fadiv/zero (flonap-drop-components fn 1) alph:

; deep-flonap-raise and everything derived from
; when z is added, added z must be 0.0 everywhere alpha is
(: deep-flomap-rai p-flonap (U Real flomap) -> deep-flonap.
(define (deep-flomap-raise dfm 2)

(match-define (deep-Fflonap argh-fm z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-f (fx alpha-fm 2))))
(U Real flomap) -> deep-Flomap))
(define (deep-flonap-esboss dfm xy-amt z-amt)

Qet ([0 (/ xy-amt 3.0)])

(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))

) z-amt))

(define new-z-fm (fmx (Flonap-blur z-+
)

(deep-flomap-raise dfn new-:

(: deep-flomap-bulge (deep-flomap (Flonum Flonum -> Real) -> deep-flomap))
(define (deep-flomap-bulge dfm f)
dfn (A (cx cy) F ex )




#lang typed/racket/base
(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonum. rkt”
“Flomap-struct. rkt")
(provide flonap~flip-horizontal p-vertical p-transpe
flonap-cu-rotate flomap-ccw-rotate
(struct-out invertible-2d-function) Flomap-Transform
tr pose rotate-transform p
Flonap-transform)

(: flomap-flip-horizontal (flonap -> flomap))
(define (flomap-flip-horizontal fm)
(natch-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap c w h (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k (Fx= w-1 %) ¥))))
(define (flonap-flip-vertical fim)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap c w h (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k x (fx- h-1 ¥))))))
(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flonap c hw (A (k x y )
(unsafe-flvector-ref vs (coords->index c w k y x)))))
(define (flomap-cu-rotate fm)

JavaScript Solution  J§

Ty-nin

[y-nax (real->double-Flonum y-nax)])
(Ratch-define (Flonap vs c w h) fm)
(natch-define (invertible-2d-function f g) (t w b))
(define int-x-nin (FL->fx (Floor x-ain)))

(define int-x-nax (FL->Fx (ceiling x-max)))
(define int-y-min (FL->Fx (Floor y-min)))
(define int-y-nax (fl->fx (ceiling y-nax)))

(define new-w (- int-

max int-x-nim)
(define new-h (- int-

max_ int-y-min))

(define x-offset (+ 0.5 (fx->f1 int-x-nin)))

(define y-offset (+ 0.5 (fx->f1 int-y-nin)))

(inline-build-flonap

© new-w new-h

A kxy D
(define-values (old-x old-y) (g (+ (Fx->f1 x) x-offset)

@ (Fo>F1y) y-offset))

(Flonap-bilinear-ref fn k old-x old-y)))1))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero
fav fu- fox f/ Famin famax

5 Unary
(: flomap-Lift-helper : (Float -> Float) -> (flomap -> flonap))
(define (flomap-lift-helper f)
(A ([fn : Flomap])
(match-define (flomap vs c w h) fm)
(Flomap (inline-build-flvector (x ¢ w h) (A (i) (f (unsafe-flvector-ref vs i))))
cwh))
(: flomap-1ift ((Flonun -> Real) -> (flonap -> flowap)))
(define (flomap-1ift op)
(flomap-lift-helper (A (x) (real->double-Flonum (0p x)))))
(define faneg (flonap-Lift-helper -))
(define frabs (flonap-lift-helper abs))
(define fasqr (flonap-lift-helper sar))

This talk

iven flonaps with ~e and

components")

€ D)
(: Flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name )

P per2 nane (A (x y) F x ¥
(define fme (Flonap-1ift-helper2 ‘fm +))
(define fa- (Flonap-1ift-helper2 'fu- -))
(define fus (Flomap-1ift-helper2 'fus %))
(define fa/ (flomap-1ift-helper2 'fu/ /))
(define famin (flonap-lift-helper2 ‘famin min))
(define famax (flonap-lift-helper2 'famax max))
(: flomap-normalize (flonap -> flonap))
(define (flomap-normalize fm)
(v-min v-max) o )
(define v-size (- v-nax v-min))
(letx (Lfn (f- fn v-min)]
[fn (if (v-size . = . 0.0) fn (fa/ fu v-size))])

)
(define fadiv/zero
(Flomap-lift-helper2 'fndiv/zero (A (x y) (if (v . = . 0.0) 0.0 (/ x Y))))
(: flomap-divide-alpha (flonap -> flowap))
(define (flomap-divide-alpha fm)
(match-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm
Celse
(define alpha-fm (flomap-ref-conponent fm 0))
(fLonap-append-components alpha-fa (fadiv/zero (flonap-drop-coponents fm 1) alpha-fa))1))

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“Flowap. rkt")

(provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z

flonap->deep-Flonap
; sizing

i Z-adjusting

deep-flonap-emboss

izontal
deep-flonap-bulge-ripple

; Compositing

deep-flonap-pin deep-flomap-pin*

tical

p-flonap-rt-superinpose deep-flomap-rc-superinpe p-rb-sups
p-Flonap-v1-append deep-flomap-ve-appe p-Flonap-vr-append

(struct: deep-Flomap (Targb : flomap] [z : flomapl)
#:transoarent.

onap-raise and everything der rve an
; when z is added, added z nust be 0.0 everywhere alpha is 0.0
¢ (U Real flonap) -> )

(define (deep-Flomap-raise dfn 2)
(match-define (deep-flonap argh-fum z-fm) dfm)
(define alpha-f (deep-flonap-alpha dfm))
(deep-flomap argb-fn (fa+ z-f (fx alpha-fm 2))))
(: deep-flonap-enboss (deep-flomap Real (U Real flomap) -> deep-flomap))
(define (deep-flomap-emboss dfm xy-ant z-amt)
(et ([0  xy-ant 3.0)1)
(define z-fm (Flonap-normalize (deep-Flomap-alpha dfm)))
(define new-z-fm (fmx (flonap-blur z-fm 0) z-amt))
-F))
(: deep-flonap-bulge-helper (deep-flomap (Flonum Flonun -> Flonum) -> deep-flomap))
(define (deep-Flomap-bulge-helper dfm £)
et O
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (+ 0.5 (fx->fl b)) 0.5))
(define z-fm
(inline-build-flonap

(deep-flomap-raise dfn new

Twh
NCxyD
(F (= (/ (Fx>F1 %) half-x-size) 1.0)
(- U/ (Fx=>f1 y) half-y-size) 1.0))))
(deep-flomap-raise dfn z-m))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flonap-bulge dfn )

dfn (A (cx cy) ( (F ex cy)))



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnum fl->fx Fx->f1)
“Flonum. rkt”
“Flomap-struct. rkt")

(provide

P izontal p-vertical p-transpe
flonap-cu-rotate flomap-ccw-rotate

(struct-out invertible-2d-function) Flomap-Transform

tr pose rotate-transform p

Flonap-transform)
(: flomap-Flip-horizontal (flomap -> Flomap))
(define (flonap-flip-horizontal fa)
(natch-define (flonap vs c w h) fa)
(define w-1 (Fx- w 1))
(inline-build-Flomap c w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1 %) ¥))))
(define (flonap-flip-vertical fm)
(atch-define (Flonap vs < w h) fa)
(define h-1 (Fx= h 1))
(inline-build-Flomap c w h (A (k x y 3
(unsafe-Flvector-ref vs (coords-index ¢ w k x (fx= h-1 ¥))))))
(define (flonap-transpose fm)
(atch-define (flonap vs c w h) fa)
(inline-build-Flomap c h w (A (k x y 3)
(unsafe-flvector-ref vs (coords->index ¢ w k y x)))))
(define (flonap-cw-rotate fm)

JavaScript Solution  J§

-—
o
et Crea S —

[y-nax  (real->double-flonun y-nax)1)
(match-define (flonap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w h))
(define int-x-min (FL->Fx (Floor x-min)))

(define int-x-nax (FL->Fx (ceiling x-max)))
(define int-y-min (FL->Fx (Floor y-min)))
(define int-y-max (FL->fx (ceiling y-max)))

(define new-w (- int-

max int-x-min))
(define new-h (- int-y-max int-y-min))

(define x-offset (+ 0.5 (fx->f1 int-x-nin)))

(define y-offset (+ 0.5 (fx->f1 int-y-nin)))
(inline-build-flonap
© new-w new-h
A kxy D
(define-values (old-x old-y) (g (+ (Fx->f1 x) x-offset)
@ (Fo>F1y) y-offset))
(Flonap-bilinear-ref fn k old-x old-y)))1))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum Fl->Fx Fx->1)
racket/match racket/math

(provide flomap-1ift flonap-1ift2 flomap-1ift-helper flonap-lift-helper2
faneg frabs fnsqr fmsin ficos fatan fulog fmexp fmsart fmasin facos fmatan
faround fufloor faceiling fatruncate fnzero
v fu- fox fn/ Fanin famax

5 Unary
(: flomap-Lift-helper : (Float -> Float) -> (flomap -> flonap))
(define (flomap-lift-helper f)
(A ([fn : Flomap])
(match-define (flomap vs c w h) fm)
(Flomap (inline-build-flvector (x ¢ w h) (A (i) (f (unsafe-flvector-ref vs i))))
cwh))
(: flomap-1ift ((Flonun -> Real) -> (flonap -> flowap)))
(define (flomap-1ift op)
(flomap-lift-helper (A (x) (real->double-Flonum (0p x)))))
(define faneg (flonap-Lift-helper -))
(define frabs (flonap-lift-helper abs))
(define fasqr (flonap-lift-helper sar))

This talk

(omap with 1 compone 7
“given flomaps with e and ~e components")

€ D)
(: Flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> (U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name )

- per2 name (A (x y)  x
(define fm+ (Flonap-Lift-helper2 'fa+ +))
(define fn- (Flonap-Lift-helper2 'fa- -))
(define fms (Flonap-Lift-helper2 'far %))
(define fn/ (Flonap-Lift-helper2 'fa/ /))
(define famin (flonap-Lift-helper2 'fanin min))
(define famax (flomap-Lift-helper2 'famax max))
(: flonap-nornalize (flonap -> flonap))
(define (Flonap-normalize fm)
(define-values (v-min v-max) (flonap-extreme-values fm))
(define v-size (- v-nax v-nin))
Qets (Tfn (Fa- fn v-nin)]
[fn (if (v-size . = . 0.0) fn (Fa/ fa v-size))])
™)
(define fadiv/zero
(Flomap-Lift-helper2 “fadiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x )
(: Flonap-divide-alpha (flonap -> Flomap))
(define (flonap-divide-alpha fa)
(natch-define (flonap _ c w h) fm)
(cond [(c . <= . 1) fm]
felse
(define alpha-fa (flonap-ref-conponent fn 0))
(Flonap-append-conponents alpha-fn (fadiv/zero (Floap-drop-components fm 1) alpha-fm))1))

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->F1 fl->Fx)
racket/match racket/math
“Flonun. rkt”
“Flowap. rkt")
(provide deep-Flonap deep-Flonap? deep-Flomap-argb deep-flonap-z

flonap->deep-Flonap
; sizing

i Z-adjusting

deep-flonap-emboss

tical

izontal
deep-flonap-bulge-ripple
; Compositing
deep-flonap-pin deep-flomap-pin*
p-flomap-rt-superinpose deep-Flonap-rc-superinpose deep-flonap-
p-Flonap-v1-append deep-flomap-ve-appe p-Flonap-vr-append

(struct: deep-Flomap (Targb : flomap] [z : flomapl)
#:transoarent.

Twh
A xyD
(F (= (/ (Fx->F1 x) half-x-size) 1.0)
(- (/ (Fx=>F1 y) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-m)))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flonap))
(define (deep-flonap-bulge dfn )

dfn (A (cx cy) ( (F ex cy)))
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What is

Optimization Coaching?



Dialog between compilers and programmers

badness: 2023
raytrace.js:432:12
property: isHit

Near misses
Can’'t inline assignment. —_— —

This operation may add a l
new property to objects.

Initialize the property

in the constructor to FQ Ci ti
enable optimizations. ccommendations



Compilers must be conservative

saturn_V = ariane_5 =
{height: 110, {stages: 2,
stages: 3} height: 52}



Compilers must be conservative

saturn_V = ariane_5 = ariane_5 =
{height: 110, {stages: 2, » {height: 52,
stages: 3} height: 52} stages: 2}

Uniformity — Optimizations!




Compilers must be conservative

saturn_V = ariane_5 = ariane_5 =
{height: 110, {stages: 2, & {height: 52,
stages: 3} height: 52} stages: 2}

print(”"My rocket has:")
for (var p in rocket)
print(p, rocket[lp])

My rocket has: My rocket has:
height 52 1 stages 2
stages 2 height 52



Compilers must be conservative

saturn_V = ariane_5 = ariane_5 =
{height: 110, {stages: 2, » {height: 52,
stages: 3} height: 52} stages: 2}

These properties are not
always in the same location.

Try to always initialize
them i1n the same order.

Recommendations can change semantics!



tould not be ‘read'

Error: The ¢
3 Please try st

=< Programmers have limited bandwidth

Ige is a stub. You can help Microsoft by expanding it. Q An error has occurred while trying to display an error message.

== = 5 o , !E System report:
\ Analysis result: Nothing Is ruine
You are pregnant. == e - 5
3 Just an error. :
""""""""" > ?
abort | Retry | Ignore For the sake Not enough memory. Delete Windows to free memory Error 109
o g " - Error 108
aaaasses - 0 uo
0SC Too many errors. Please close some error message boxes.
'E Operation completed successfully. 6 4 3
An uni . There must be something wrong. Sddes dace s v

3 Contin T e
If you ———— : Q Error 404: File not found.

Could

files!] | Not an error. For diversity. ) Internet Explorer will be terminate
Details | Continue Quit i NOBODY EXPECTS THE SPANISH INQUISITION!!! . 2
— J I ‘\x) Microsoft Visual Cplusplus
the end of this meszage for detals on nvoking A
ndime (JIT) debugging instead of this dislog box T3h ultim®t3 spammOr 3xp3r14nc3 @
abnormal program term
Exception Text == - e

am.|0.DirectoryNot Found Exception: Could g
System.10.__Emor. WinlOEmor(int 32 emorCoftaa A
System 10 FleStream..ctor{String path, Fle
System 10 FileStream. ctor{String path, File
kotor_tool clsChitinKey. ctor(String KeyPat

&.f\ ultim®t3 spammOr 3xp3ri14nc3
T3h ultim®t3 spammOr 3xp3r14nc3 E

¢ T3h ultim®t3 spammOr 3xp3ri4nc3

A ) Euroipods. Because the reference to them is mandatory.

Microsoft Customer Experience Program

\AA (v YOU'VE GOT MAIL!! CLICK OK TO OF

728 100% FREE MAKE MONEY FASE SCHI
‘:/ Are you tired of reading these error boxes? NN Adg g 3

’ - X
oK |

Q Out of screen space for error boxes.

.......................




tould not be ‘read'

Error: The ¢
§ Please try st

=« Programmers have limited bandwidth

!\ System report:

to free memory? §

Error 109

Error 108

[EamTanraey
Explorer Error '

'E Operation
. There mu

Error 404: File not found.

Internet Explorer will be terminate

T
icrosoft Visual Cplusplus

abnormal program term

Details .

the end of this message for detals on nvo
ndime (JIT) debugging instead of ths dislo

Exception Text ==

am.|0.DirectoryNot Found Exception: Could
System.10.__Emor. WinlOEmor(int32 errorC
System 10 FleStream . ctor(Siring path, Fl
System 10 FleStream . ctor{String path, File
kotor_tool clsChitinKey. ctor(String KeyPats

YOU'VE GOT MAIL!! CLICK OK TO OF
§ 100% FREE MAKE MONEY FASE SCHI

@ Out of screen space for error boxes.




Why JS for coaching?

Can it work beyond Racket?
Different compilation model (JIT)
Different language (OO)

Why coaching for JS?

Hard to write performant code
Performance matters

Non-experts / multi-language programmers



How does it work?



Architecture

i SpiderMonkey i i Coach i
| mommemosoosoooooooooo | |

i ' lonMonkey ! ! logs . :
' | ! /1/—\:* near '
o . 'logs  ;---------: : | PR misses Recom- | reports i
o Optimizer : ! g | Optimization . !
' 1 | Instrumentation H!_'ﬁ?ﬁ_'ﬁrj l ! Analysis —%| mendation | ——» | UI| |
v ' profile ! Generation !



Architecture

———————————————————————————————————————————————————————————————————————————————————————————————————————————————

i SpiderMonkey ! ECoach

[ it |
] [}

: I near .

imi . i ! T misses Recom- reports i
Insgg;ﬁrﬁ:’:ion i : Op';t‘lr?;:z?itslon —» | mendation | —>» | Ul | !
ile ! Y Generation |

_____________________________________________________________

Log optimization decisions

(attempts, successes, failures)




Architecture

_________________________

i SpiderMonkey i Coach i
I S i i
i 1 lonMonkey ogs . |
: | ] neal’ 1
Lo L i L misses | Recom- | reports i
| | instrumentation | Panalyais |~ | mendation | ——>{u1| |
Lo profile ! Y Generation |

_______________________________________________________________________________________________________________

Emit profile events
(get logs out of the engine)




Architecture

logs

p— Recom- | reports i
ptimizer mendation | —>» | Ul | !

Instrumentation

Generation

““““““ ! profile

Produce near miss reports
(pruning, merging, ranking)




Architecture

————————————————————————————————————————————————————————————————————————————————————————————————————————————————

SpiderMonkey . Coach
"""""""""""""" 1 i
| 1 lonMonkey ! /}%
P! — 1Y R —— | i o issd Recom-
o Optimizer : 3 ! g ; Optimization .
Instrumentation | ift?f'_lf’_r_j : o Analysis mendatl_on ul
! w Generation

__________________________

________________________________________________________________________________________________________________

Fill recommendation templates
(general advice + targeted info)




Architecture

————————————————————————————————————————————————————————————————————————————————————————————————————————————————

i SpiderMonkey Coach
B | :
i 1 lonMonkey !  logs |
Do ! //_\;i near !
Lo e 'logs  i---------s | | . misses Recom- | repor l
o Optimizer : ! g ; Optimization . :
i | Instrumentation | ! » . Profiler i . Analysis —> | mendation ui
| profile Generation i

__________________________

________________________________________________________________________________________________________________

Show reports and recommendations

(consumed by programmers)




Architecture

i SpiderMonkey i i Coach i
i ' lonMonkey : /E% near :
| E . | logs  ;---------y i . misses Recom- | reports i
L Inst?p;;r:rﬁ::ion r iProﬁIeri | ! Op';c‘lrglz:litslon ——>» | mendation | —>» | Ul | !
;! ! . \i&ﬁle/\i, Y Generation i

Profiling-Based Badness T
Temporal Merging }



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

I 10 18 20



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

I 10 18 20



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

3 I 10 18 20

Compile
launch-rocket



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

3 I 10 18 20

Compile
launch-rocket



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

|3 ( 10 18 20
Compile Compile

launch-rocket track-rocket



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

|3 ( 10 18 20
Compile Compile Compile

launch-rocket track-rocket track-rocket



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

|3 ( 10 18 20
Compile Compile Compile

launch-rocket track-rocket track-rocket



Profiling-Based Badness

L1 [ launch-rocket
L] B N track-rocket

|3 ‘7 10 18 20
Compile Compile Compile
launch-rocket track-rocket track-rocket
rocket.stages rocket.height rocket.height
Trying: PIC Trying: Direct load Trying: Direct load

Sﬁ exotic object Sﬁ diff. locations Sﬁ diff. locations



Profiling-Based Badness

Compile
launch-rocket
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Temporal Merging
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Temporal Merging
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Further Sightseeing
(In the Paper)

Solution Site Inference
Same-Property Analysis
By-Solution Merging
By-Constructor Merging

Profiler-Driven Instrumentation
Profiling-Based Badness
Temporal Merging

Irrelevant Failure Pruning

Partial Success Shortcircuiting

OO0

JIT



How well does it work?



Hypothesis: Coaching improves performance

O Baseline: Non-optimized

B Coached: Followed recommendations

Speedup, higher is better

Experiment

Take Octane benchmarks
Run the coach

Follow recommendations
Measure performance impact

(Octane score)

Speedup

(Minutes of work)

1.2

14

.81




Speedup

Hypothesis: Coaching improves performance

O Baseline: Non-optimized
B Coached: Followed recommendations (Minutes of work)

Speedup, higher is better
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Speedup

Hypothesis: Coaching improves performance

O Baseline: Non-optimized
B Coached: Followed recommendations (Minutes of work)

Speedup, higher is better

Cross-engine speedups
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Hypothesis: Recommendations are low-effort

Benchmark Total LOC LOC LOC
LOC Added Deleted Edited

Richards 538 1 5 0

DeltaBlue 881 12 6 24 <= At most 42 LOC!
RayTrace 903 10 11 0

Splay 422 3 3 0

NavierStokes 415 0 0 4

PdfIS 33 053 5 1 0 Simple, mechanical
Crypto 1,608 2 0 1 changes
Box2D 10,970 8 0 0 —



Further Sightseeing
(In the Paper)

- Recommendation quality

. Discussion of individual recommendations



Wrapping Up



Coming soon to a

browser near you

Waterfall = Call Tree == Flame Chart (@ Optimizations
400 ms 800 ms 1200 ms 1600 ms 2000 ms 2400 ms 2800ms 3200ms 3600ms 4000ms 4400ms @ 4800 ms 5200 ms 5600 ms 6000 ms 6400 ms 6800 ms 7200 ms = 7600 ms 8000 ms 8400 ms
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Optimizations Frames
JIT Optimizations Scheduler.prototype.schedule @richa
SetProp_DefiniteSlot (.curr...) - (60 samples) @richards.js
GetProp_DefiniteSlot (.curr...) - (59 samples) @richards.js

SetProp_DefiniteSlot (.curr...) - (29 samples) @richards.js

GetProp_DefiniteSlot (.link) - (13 samples) @richards.js:

SetProp_DefiniteSlot (.curr...) - (1 sample) @richards.js:1¢

GetProp_DefiniteSlot (.id) - (1 sample) @richards.js:



This Talk

Coaching works
- beyond Racket

- Wit

- Wit

n JIT compilation

n OO optimizations



The Coaching
Philosophy

Compilers are great, but they can fail
Compilers gather tons of information
Liberate it, and show it to programmers!

They may succeed where compilers fail



The Coaching
Philosophy

are great, but they can fail

(noun)

gather tons of information

(noun)

Liberate it, and show it to programmers!

They may succeed where fail

(noun)




The Coaching
Philosophy

Runtimes are great, but they can fail

(noun)

Runtimes gather tons of information

(noun)

Liberate it, and show it to programmers!

They may succeed where Runtimes fail

(noun)




The Coaching

Philosophy

OSes are great, but they can fail

(noun)

OSes gather tons of information

(noun)

Liberate it, and show it to programmers!

They may succeed where QOSes fail

(noun)
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The Coaching

Philosophy
? are great, but they can fail
(noun)
? gather tons of information

(noun)

Liberate it, and show it to programmers!

They may succeed where ? fail

(noun)

Thank you!




