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#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/fixnun fl->fx fx->fl)
racket/match racket/math
“flonun. rkt"
“flomap-struct. rkt"
“flomap-stats. rkt")
(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2

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

(except-in racket/fixnum fx->fl fl->fx)
racket/match racket/math

“Flonum. rkt"

“flomap. rkt")

“flomap-struct. rkt")

(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate (provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
(struct-out invertible-2d-function) Flomap-Transforn deep-f deep-f ight deep-f in deep-f
deep-flomap-size deep-flonap-alpha deep-flomap-rgb
flomap->deep-flonap
; sizing

po: whirl funeg fmabs fmsqr fmsin fmcos fmtan fmlog fmexp fmsqrt fmasin fmacos fmatan

flonap-transforn) fround fafloor fmceiling fmtruncate fmzero
(: flomap-flip-horizontal (flomap -> flomap)) fm+ fn- fo* fn/ famin fomax

(define (flomap-flip-horizontal fm) f ize f
(mateh-define (flomap vs c w h) fm)

deep-flonap-inset deep-flomap-trin deep-flonap-scale deep-flomap-resize

f ; z-adjusting
(define w-1 (fx- w 1)) 5 Unary deep-f deep-f deep-f ise deep-flomap-tilt
(inline-build-flonap ¢ w h (A (k x y 1) (: flomap-lift-helper : (Float -> Float) -> (flomap -> flomap)) deep-flomap-enboss
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1x) y))))) (define (flomap-lift-helper f) deep-flonap deep-flonap ound deep-flomap:
(define (flomap-flip-vertical fm) (A: ([fm : flomap]) deep-f 0id deep-f izontal deep-f] tical
(match-define (flomap vs c w h) fm)

(match-define (flomap vs ¢ w h) fm) deep-flomap-bulge-ripple
(define h-1 (fx- h 1))

(flonap (inline-build-flvector (* c w h) (A (i) (f (unsafe-flvector-ref vs i))))
(inline-build-flonap ¢ w h (A (k x y 1)

cwh))

; Compositing

deep-flomap-pin deep-flonap-pin*
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1)))))) (: flomap-Lift ((Flonun -> Real) -> (flomap -> flomap))) deep-flomap i deep-flomap-1 i deep-flomap perinpose
(define (flomap-transpose fm) (define (flomap-Lift op) deep-f inpose deep- inpose deep- imp
(match-define (flomap vs ¢ w h) fm) (Flomap-Lift-helper (A (x) (real->double-flonun (op x))))) deep-flomap-r i deep-flomap-r i deep-F inpose
(inline-build-flomap ¢ hw (A (k x y i) (define faneg (flomap-lift-helper -)) deep-flonap-vi-append deep-flomap-vc-append deep-flomap-vr-append
(unsafe-flvector-ref vs (coords->index ¢ w k y x))))) (define fmabs (flomap-Lift-helper abs)) deep-f deep-f deep-f
(define (flomap-cu-rotate fm)

(define fmsar (flomap-lift-helper sar))
(define fmsin (flomap-Lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- h-1y) x))))) (define flog (flomap-lift-helper fllog))
(define fmexp (flomap-lift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fmasin (flomap-lift-helper asin))
(define fmacos (flomap-lift-helper acos))
(unsafe-flvector-ref vs (coords->index ¢ w k y (fx- w-1 x)))))) (define fmatan (flomap-lift-helper atan))
(struct: invertible-2d-function (If : (Flonum Flonun -> (values Flonum Flonum))]

(struc

deep-flomap ([argh

#:transparent

#:quard

(A (argb-fm z-fm name)
(match-define (flonap _ 4 w h) argb-fm)
(match-define (flonap _ 1 zw zh) z-fm)
(unless (and (= w zw) (= h zh))

(error *deep-flonap

flonap] [z : flonap])
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))

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

(define (flomap-ccu-rotate fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flomap ¢ h w (A (k x y i) “expected flonaps of equal dimensior
(values argb-fm z-fm)))

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

(define (flonap->deep-flomap argb-fm)
(match-define (flonap _ 4 w h) argb-fm)
(deep-flomap argb-fm (make-flomap 1 w h)))

given dimensions ~ex-e and ~ex-e” w h zw zh))

(define fmround (flomap-lift-helper round)) (
[g : (Flonum Flonun -> (values Flonum Flonum))1)) (define fmfloor (flomap-lift-helper floor))

(define-type Flomap-Transforn (Integer Integer -> invertible-2d-function))

(: transform-conpose (Flomap-Transforn Flonap-Transform -> Flonap-Transform))

(define ((transforn-compose t1 t2) w h)

(define fmceiling (flomap-lift-helper ceiling))
(define fmtruncate (flomap-lift-helper truncate))
(define fmzero (flomap-lift-helper (A (x) (if (x . = . 0.0) 1.0 0.0))))

(: deep-f idth (deep-flomap -> ive-Fixnum))
(match-define (invertible-2d-function f1 gl) (t1 w h)) f (define (deep-flonap-width dfm)
(match-define (invertible-2d-function f2 g2) (t2 w h)) 5 Binary (define w (flomap-width (deep-flomap-argh dfm)))
(invertible-2d-function (A: ([x : Flonun] [y : Flonum]) (: flomap-lift-helper2 : Symbol (Float Float -> Float) -> ((U Real flomap) (U Real flomap) -> flomap)) (with-asserts ([w nonnegative-fixnun?])
(let-values ([(xy) (f2xy)]) (define (flomap-lift-helper2 name f) W)
(fLx ) (let: () (: deep-f ight (deep-flomap -> ive-Fixnum))
(A: (Ix : Flonun] [y : Flonun]) (i ([fml : (U Real flomap)] [fn2 : (U Real flomap)]) (define (deep-flonap-height dfm)
(let-values ([(xy) (g1 xy)]) (cond (define h (flomap-height (deep-flomap-argb dfm)))
(92 x Y [(and (real? fal) (real? fm2)) (with-asserts ([h nonnegative-fixnun?])
flomap-transforn (case-> (flomap Flomap-Transforn -> flomap) (error name “expected at least one flonap argument; given -e and ~e" fml fn2)] h)
(flomap Flomap-Transform Real Real Real Real -> flomap))) [(real? fml) (let (Ifml (real->double-flonum fm1)])

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

(define flomap-transform
(case-lanbda
[(fn )

((Flomap-Lift-helper (A (v) (f fal v))) fa2))]
[(real? fu2) (let (Ifn2 (real->double-flonun fn2)])

((Flomap-Lift-helper (A (v) (f v fu2))) ful))] (: deep-flomap-z-nax (deep-flomap -> Flonum))

(match-define (flomap vs c w h) fm) [else (define (deep-flonap-z-max dfm)

(match-define (invertible-2d-function f g) (t w h)) (match-define (flomap vs1 clw h) fml) (flonap-max-value (deep-flomap-z dfm)))

(define x-nin +inf.0) (match-define (flomap vs2 c2 w2 h2) fm2) (: deep-flomap-size (deep-flonap -> (values Nonnegative-Fixnum Nonnegative-Fixnum)))
(define x-max -inf.0) (cond

(define (deep-flomap-size dfm)

(values (deep-flonap-width dfm) (deep-flonap-height dfm)))
(: deep-flomap-alpha (deep-flomap -> flonap))
(define (deep-flonap-alpha dfm)

(flonap-ref-component (deep-flonap-argb dfm) 6))

(define y-min +inf.0)

[(not (and (= ww2) (= h h2)))
(define y-nax -inf.0)

(error name “expected same-size flomaps; given sizes -ex-e and ~ex-e” w h w2 h2)]
[(= cl c2) (define n (* clw h))
(define res-vs (make-flvector n))

(let: y-loop : Void (ly : Integer 01)
(when (y . fx< . h)

(let: x-loop : Void ([x : Integer 0]) (flomap (inline-build-flvector n (A (i) (f (unsafe-flvector-ref vsl i)

(: deep-flomap-rgh (deep-flomap -> flomap))
(cond [(x . fx< . w) (unsafe-flvector-ref vs2 i)))) (define (deep-flomap-rgb dfm)
(define-values (new-x new-y) (f (+ 8.5 (fx->fl x)) (+ 0.5 (fx->fl y)))) clwh)) (flomap-drop-components (deep-flonap-argb dfm) 1))
(when (new-x . < . x-min) (set! x-min new-x)) [(= ¢l 1) (inline-build-flomap H

(when (new-x . > . x-max) (set! x-max new-x)) 2wuh 2 adjusters

(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))]
[else
(y-loop (fx+ y 1))1))))

(flonap-transform fm t x-min x-max y-min y-max)]

(A (k x y i) (f (unsafe-flvector-ref vsl (coords->index 1 w 0 x y)) (: deep-flonap-scale-z (deep-flomap (U Real flomap) -> deep-flomap))

(unsafe-flvector-ref vs2 i))))1 (define (deep-flomap-scale-z dfn 2)
[(= 2 1) (inline-build-flonap (match-define (deep-flomap argb-fm z-fm) dfm)
cLwh (deep-flomap argb-fm (fm* z-fn 2)))
( (k xy i) (f (unsafe-flvector-ref vsl i) (: deep-flomap-smooth-z (deep-flomap Real -> deep-flonap))

(unsafe-flvector-ref vs2 (coords->index 1w 0 x y)))))1 (define (deep-flonap-smooth-z dfm o)
[(fa t x-min x-max y-min y-nax)

(let ([x-min (real->double-flonun x-min)]

lelse
(error name (string-append “expected flomaps with the sane number of components, *

(let ([o (exact->inexact o)1)
(match-define (deep-flomap argb-fm z-fm) dfm)
‘or a flomap with 1 component and any same-size flonap; " (define new-z-fm (flomap-blur z-fm o))
‘given flomaps with ~e and ~e components") (deep-flomap argb-fm new-z-fm)))
[y-max (real->double-flonun y-max)1) <)1) ; deep-flomap-raise and everything derived from it observe an invariant:
(match-define (flomap vs ¢ w h) fm) (: flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> ((U Real flomap) (U Real flomap) -> flomap))) ; when z is added, added z must be 0.0 everywhere alpha is 0.0
(define (flomap-1ift2 name f) (: deep-flomap-raise (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfm z)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flomap argb-fm (fm+ z-fn (fu* alpha-fm 2))))
(: deep-flomap-enboss (deep-flonap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-amt z-amt)
(let ([0 (/ xy-amt 3.0)1)
(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fu (fu* (flonap-blur z-fn o) z-amt))

[x-max  (real->double-flonun x-max)]

[y-min (real->double-flonun y-min)]

(match-define (invertible-2d-function f g) (t w h))
(define int-x-min (fl->fx (floor x-min)))

(define int-x-max (fl->fx (ceiling x-nax))) (define fms (flomap-lift-helper2 'fo+ +))
(define int-y-min (fl->fx (floor y-nin))) (define fm- (flomap-lift-helper2 ‘fn- -))
(define int-y-max (fl->fx (ceiling y-max))) (define fm* (flomap-lift-helper2 'fn* *))
(define new-w (- int-x-max int-x-min)) (define fn/ (flomap-lift-helper2 ‘fn/ /))
(define new-h (- int-y-max int-y-min)) (define fmmin (flomap-lift-helper2 ‘fmmin min))
(define x-offset (+ 0.5 (fx->fl int-x-min))) (define fmmax (flomap-lift-helper2 fmmax max))
(define y-offset (+ 0.5 (fx->fl int-y-min))) (: flomap-normalize (flomap -> flonap))

(inline-build-flonap (define (flomap-normalize fm)
© new-w new-h

(flomap-Lift-helper2 name (A (x y) (real->double-flonum (f x y)))))

(v-min v-max) (flomap m) (deep-flomap-raise dfm new-z-fm)))
™ (kxyd) (define v-size (- v-max v-min)) (: deep-flonap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flomap))
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset) (let* ([fm (fm- fm v-min)]

(define (deep-flomap-bulge-helper dfm f)
(let ()
(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 h)) 0.5))
(define z-fn
(inline-build-flonap
1uh

(+ (fx->fLy) y-offset))) [fn (if (v-size . = . 0.0) fm (fn/ fm v-size))])
(flomap-bilinear-ref fm k old-x old-y))))1)) fm)
(define fndiv/zero
(flomap-Lift-helper2 'fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y)))))
(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)
(cond [(c . <=. 1) ful
[else
(define alpha-fn (flomap-ref-component fm 6))

aCxyd)
(f (= (/ (fx->fl x) half-x-size) 1.0)
(= (/ (fx->fL y) half-y-size) 1.0)))))
(deep-flomap-raise dfm z-fm)))

(flonap-append-components alpha-fm (fndiv/zero (flomap-drop-components fm 1) alpha-fm))1))
(: deep-flomap-bulge (deep-flonap (Flonun Flonun -> Real) -> deep-flomap))
(define (deep-flonap-bulge dfn f)
(deep-flomap-bulge-helper dfn (A (cx cy) (real->double-flonum (f cx cy)))))



#lang typed/racket/base
(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
“flomap-struct. rkt")
(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flomap-Trans
transforn-compose rotate-transforn whirl-and
flomap-transform)
(: flomap-flip-horizontal (flomap -> flonap))
(define (flomap-flip-horizontal fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flomap c w h (A (k
(ug
(define (flomap-flip-vertical fy
(match-define (flomap vs c v
(define h-1 (fx- h 1))
(inline-build-flomap c w hy

(define (flomap-transpose
(mateh-define (flomap v:
(inline-build-flomap

(define (flomap-cu-rotatel
(match-define (flomap
(define h-1 (fx- h 1))
(inline-build-flomap c

(define (flomap-ccu-rotate
(match-define (flonap vs
(define w-1 (fx- w 1))
(inline-build-flomap c h w

(struct: invertible-2d-functior

(define-type Flomap-Transforn (In®
(: transform-compose (Flomap-Transf3
(define ((transforn-compose t1 t2) w
(match-define (invertible-2d-function
(match-define (invertible-2d-function f2
(invertible-2d-function (A: ([x : Flonun] [}
(let-values ([(x y)
(1 x y))
(: (Ix : Flonum] [y : Flonun])
(let-values ([(xy) (g1 xy)])
(92 x y))))
flomap-transforn (case-> (flomap Flomap-Transforn -> flonap)

(flomap Flomap-Transform Real Real Real Real -> flomap)))
(define flomap-transforn
(case-lambda
[(fa 1)
(match-define (flomap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w h))
(define x-nin +inf.0)
(define x-max -inf.0)
(define y-nin +inf.0)
(define y-nax -inf.0)
(let: y-loop : Void ([y : Integer 01)
(when (y . fx< . h)
(let: x-loop : Void ([x : Integer 01)
(cond [(x . fx< . w)
(define-values (new-x new-y) (f (+ 0.5 (fx->fL x)) (+ 0.5 (fx->fl 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 . > . y-max) (set! y-max new-y))
(x-loop (fx+ x 1))]
[else
(y-loop (fx+ y 1))1))))
(flonap-transform fm t x-min x-max y-min y-max)]
[(fa t x-min x-max y-min y-nax)
(let ([x-min (real->double-flonum x-nin)]
[x-max (real->double-flonun x-max)]
[y-min (real->double-flonun y-min)]
[y-max (real->double-flonun y-max)1)
(match-define (flomap vs ¢ 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-max (fl->fx (ceiling x-max)))
(define int-y-min (fl->fx (floor y-nin)))
(define int-y-max (fl->fx (ceiling y-nax)))
(define new-w (- int-x-max int-x-min))

ine new-h (- int-y-max int-y-min))

x-offset

(+ (fx->fLy) y-offset)))
(flomap-bilinear-ref fm k old-x old-y))))1))

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

(except-in racket/fixnun fl->fx fx->fl)
racket/match racket/math
“flonun. rkt"
“flomap-struct. rkt"
“flomap-stats. rkt")
(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2
faneg fmabs fsqr fmsin facos fmtan fnlog fmexp fasqrt fmasin fmacos fmatan
fround fafloor fmceiling fmtruncate fmzero
g+ fu- fu* fo/ famin fanax

: (Float -> Float) -> (flomap -> flomap))
clper f)

vs ¢ w h) fm)
Lvector (* ¢ w h) (A (i) (f (unsafe-flvector-ref vs i))))

al) -> (flomap -> flomap)))

real->double-flonun (op x)))))
per -))

[(= €2 1) (inline-build-
cLwh
( (k xy i) (f (unsafe-flvector-ref vsl i)

(unsafe-flvector-ref vs2 (coords->index 1w 0 x y)))))1
lelse

(error name (string-append “expected flomaps with the same number of components,

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

given flomaps with ~e and ~e components")
<)1)
(: flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> ((U Real flomap) (U Real flomap) -> flomap)))
(define (flomap-1ift2 name f)
(flomap-Lift-helper2 name (A (x y) (real->double-flonum (f x ¥)))))
(define fm+ (flomap-lift-helper2 'fm+ +))
(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 'fn* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /))
min (flomap-Lift-helper2 *fmmin mi
X -

(fm  (if (v-size . . 0.0) fm (fm/ fm v-size))])
fm))
(define fmdiv/zero
(flomap-lift-helper2 ‘fmdiv/zero (A (x y) (if (y . . 0.0) 0.0 (/ x ¥)))))
(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fm)
(mateh-define (flomap _ c w h) fm)
(cond [(c . <= . 1) fa]
lelse
(define alpha-fm (flomap-ref-component fm 0))
(flomap-append-components alpha-fm (fmdiv/zero (flomap-drop-components fm 1) alpha-fm))]))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum fx->fl fl->fx)
racket/match racket/math
“flonum. rkt"

“flomap. rkt")
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
deep-f deep-f ight deep-f in deep-f

deep-flomap-size deep-flonap-alpha deep-flomap-rgb

flomap->deep-flonap

; sizing

deep-flomap-inset deep-flonap-trin deep-flomap-scale deep-flomap-resize

; z-adjusting

deep-f deep-f deep-f! ise deep-flomap-tilt
deep-flomap-enboss

deep-flonap deep-flonap ound deep-flomap: ound-rect
deep-f 0id deep-f izontal deep-f] tical
deep- flomap-bulge-ripple
; Compositing
deep-flomap-pin deep-flonap-pin*
deep-flonap i deep-flomap-Lc-superimpose deep-flomap-1b-superinp
deep-f inpose deep-f inpose deep-f imp
- flomap-r- i deep- flomap-rc-superimpose deep-flomap-rb-superinp

flonap-vi-append deep-flonap-vc-append deep-flonap-vr-append
deep-f deep-f
flonap] [z : flonap])

[flonap ([argh

ine (flomap _ 4 w h) argb-fm)
ne (flonap _ 1 zw zh) z-fm)
d (= w 2w) (= h zh))
deep-flonap
“expected flonaps of equal dimensio
ues argh-fn z-fn)))
deep-flonap (flomap -> deep-flonap))
onap->deep-flonap argb-fm)
fine (flomap _ 4 w h) argb-fm)
omap argb-fm (make-flomap 1 w h)))
idth (deep-flomap -> ive-Fixnum))

define (deep-flonap-width dfm)

(define w (flomap-width (deep-flomap-argh dfm)))
(with-asserts ([w nonnegative-fixnun?])

W)
(: deep-f (deep-flomap ->
(define (deep-flonap-height dfm)

(define h (flomap-height (deep-flomap-argb dfm)))

(with-asserts ([h nonnegative-fixnun?])

n)

(: deep-flomap-z-min (deep-flomap -> Flonum))
(define (deep-flonap-z-min dfm)

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

(flonap-max-value (deep-flomap-z dfm)))
(: deep-flomap-size (deep-flonap -> (values Nonnegative-Fixnum Nonnegative-Fixnum)))
(define (deep-flomap-size dfm)

(values (deep-flonap-width dfm) (deep-flonap-height dfm)))
(: deep-flomap-alpha (deep-flomap -> flonap))
(define (deep-flonap-alpha dfm)

(flonap-ref-component (deep-flonag
(: deep-flomap-rgb (decp

(define z-fn
(inline-build-flonap
Twh

aCxyd)
(f (= (/ (fx->fl x) half-x-size) 1.0)
(- (/ (Fx->fLy) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-fm)))
(: deep-flomap-bulge (deep-flomap (Flonun Flonum -> Real) -> deep-flomap))
(define (deep-flomap-bulge dfn f)
(deep-flomap-bulge-helper dfn (A (cx cy) (real->double-flonum (f cx cy)))))

given dimensions ~ex-e and ~ex-e” w h zw zh))




#lang typed/racket/base
(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
“flomap-struct. rkt")
(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flonap-Transforn

pose r whirl i d
flonap-transforn)
(: flomap-flip-horizontal (flomap -> flomap))
(define (flomap-flip-horizontal fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap ¢ w h (A (k x y 1)

(define (flomap-flip-vertical fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap ¢ w h (A (k x y 1)

(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flomap c h w (A (k x y i)

(unsafe-flvector-ref vs (coords->index ¢ 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-flomap c h w (A (k x y i)

(define (flomap-ccu-rotate fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flomap c h w (A (k x y i)

(unsafe-flvector-ref vs (coords->index ¢ w k y (fx- w-1x))))))

(struct: invertible-2d-function ([f : (Flonum Flonum -> (values Flonum Flonum))]

[g : (Flonum Flonun -> (values Flonum Flonum))1))
(define-type Flomap-Transforn (Integer Integer -> invertible-2d-function))
(: transform-conpose (Flomap-Transforn Flonap-Transform -> Flonap-Transform))
(define ((transforn-compose t1 t2) w h)
(match-define (invertible-2d-function f1 gl) (t1 w h))
(match-define (invertible-2d-function f2 g2) (t2 w h))
(invertible-2d-function (A: ([x : Flonun] [y : Flonum])
(let-values ([(xy) (f2xy)])
(1 x y))
(: (Ix : Flonum] [y : Flonun])
(let-values ([(xy) (g1 xy)])
(92 x y))))
flomap-transforn (case-> (flomap Flomap-Transforn -> flonap)

(flonap Flomap-Transforn Real Real Real Real -> floma
(define flomap-transform

(case-lambda
[(fa 1)
(match-define (flomap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w h))
(define x-nin +inf.0)
(define x-max -inf.0)
(define y-nin +inf.0)
(define y-nax -inf.0)
(let: y-loop : Void ([y : Integer 01)
(when (y . fx< . h)
(let: x-loop : Void ([x : Integer 01)
(cond [(x . fx< . w)
(define-values (new-x new-y) (f (+ 0.5 (fx->fl x)) (+ 0.5 (fx->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))]
[else
(y-loop (fx+ y 1))1))))
(flonap-transform fm t x-min x-max y-min y-max)]
[(fa t x-min x-max y-min y-nax)
(let ([x-min (real->double-flonum x-nin)]
[x-max (real->double-flonun x-max)]
[y-min (real->double-flonun y-min)]
[y-max (real->double-flonun y-max)1)
(match-define (flomap vs ¢ 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-max (fl->fx (ceiling x-max)))
(define int-y-min (fl->fx (floor y-nin)))
(define int-y-max (fl->fx (ceiling y-nax)))
(define new-w (- int-x-max int-x-min))
(define new-h (- int-y-max int-y-min))
(define x-offset (+ 0.5 (fx->fl int-x-min)))
(define y-offset (+ 0.5 (fx->fl int-y-min)))
(intine-build-flonap
< new-w new-h
O (kxy 4)
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)
(+ (fx->fLy) y-offset)))
(flonap-bilinear-ref fm k old-x old-y))))1))

(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1x) ¥)))))

(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1y))))))

(unsafe-flvector-ref vs (coords->index ¢ w k (fx- h-1y) x)))))

~-width (deep-flomap-argh dfm)))
| nonnegative-fixnun?1)
ht (deep-flomap -> Nonnegative-Fixnum))
p-height dfm)
height (deep-flomap-argb dfm)))
nonnegative-fixnun?1)
n (deep-flonap -> Flonum))
p-z-min dfm)
(deep-flomap-z dfm)))
X (deep-flomap -> Flonum))
p-z-max dfm)
(deep-flomap-z dfm)))
(deep-flomap -> (values Nonnegative-Fixnum Nonnegative-Fixnu)))
p-size dfm)
map-width dfm) (deep-flomap-height dfm)))
a (deep-flomap -> flonap))
p-alpha dfm)
nent (deep-flomap-argh dfm) 0))
(deep-flomap -> flomap))

#lang typed/racket/base

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

(require racket/flonun

(except-in racket/fixnum fl->fx fx->f1) (except-in racket/fixnum fx->fl fl->fx)
racket/match racket/math racket/match racket/math

“flonum. rkt" “flonum. rkt"

“flomap-struct.rkt" “flomap. rkt")

“flomap-stats. rkt")

(provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2 deep-f deep-f ight deep-f in deep-f
faneg fmabs fsqr fmsin facos fmtan fnlog fmexp fasqrt fmasin fmacos fmatan deep-flomap-size deep-flonap-alpha deep-flomap-rgb

fround fafloor fmceiling fmtruncate fmzero flonap->deep-Flonap

fm+ fn- fo* fn/ famin fomax

; sizing
' ize # ; f ivi

deep-flomap-inset deep-flonap-trin deep-flomap-scale deep-flomap-resize
f ; z-adjusting

5 Unary

(: flomap-lift-helper :

(

deep-f deep-f deep-f! deep-flonap-tilt
(Float -> Float) -> (flomap -> flomap)) deep-flomap-enboss
define (flomap-lift-helper ) deep-flonap deep-flonap ound deep-flomap: ound-rect
(A: ([fm : flomap]) deep-f 0id deep-f izontal deep-f] tical
(match-define (flomap vs c w h) fm) deep- flomap-bulge-ripple
(flonap (inline-build-flvector (* c w h) (A (i) (f (unsafe-flvector-ref vs i)))) ; Compositing
cwh)) deep-flomap-pin deep-flonap-pin*
(: flomap-lift ((Flonum -> Real) -> (flomap -> flonap))) deep-flonap i deep-flomap-Lc-superimpose deep-flomap-1b-superinp
(define (flomap-lift op) deep-f inpose deep-f inpose deep-f imp
(flonap-Lift-helper (A (x) (real->double-flonum (op x))))) deep- Flomap-r deep- flomap-rc-superimpose deep-flomap-rb-superinp
(define faneg (flomap-lift-helper -)) deep-flomap-vl-append deep-flomap-vc-append deep-flomap-vr-append
(define fmabs (flomap-Lift-helper abs)) deep-f deep-f: deep-f:
(define fmsar (flomap-lift-helper sar)) (struct: deep-flonap ([argb : flonap] [z : flomap])
(define fmsin (flomap-Lift-helper sin)) #:transparent
(define fmcos (flomap-lift-helper cos)) #:quard
(define fmtan (flomap-lift-helper tan)) (A (argb-fm z-fm name)
(define flog (flomap-lift-helper fllog))

(define fmexp (flomap-lift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fmasin (flomap-lift-helper asin))

(match-define (flonap _ 4 w h) argb-fm)
(match-define (flomap _ 1 2w zh) z-fm)
(untess (and (= w 2) (= h zh))

(error *deep-flonap
(define fmacos (flomap-lift-helper acos)) “expected flonaps of equal dimension; given dimensions ~ex-e and ~ex-e" w h zw zh))
(define fmatan (flomap-lift-helper atan)) (values argb-fm z-fm)))
(define fmround (flomap-lift-helper round)) (: flomap->deep-flomap (flomap -> deep-flonap))
(define fnfloor (flomap-lift-helper floor))

(define (flonap->deep-flomap argb-fm)
(define fmceiling (flomap-lift-helper ceiling)) (match-define (flonap _ 4 w h) argb-fm)
i~fm (make-flomap 1 w h)))
h (deep-flomap -> Nonnegative-Fixnum))
p-width dfm)

p-rgb dfm)
onents (deep-flomap-argh dfm) 1))

(unsafe-flvector-ref vs2 i))))]
[(=c2 1) (inline-build-flomap (match-define (deep-flomap argb-fm z-fm) dfm)

clwh (deep-flomap argb-fm (fu* z-fm 2)))
(: deep-flonap-smooth-z (deep-flonap Real -> deep-flonap))
(define (deep-flomap-smooth-z dfm o)

e-z (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flonap-scale-z dfm z)

( (k xy i) (f (unsafe-flvector-ref vsl i)

(unsafe-flvector-ref vs2 (coords->index 1w 0 x y)))))]
lelse

(let ([o (exact->inexact o)1)
(error name (string-append “expected flomaps with the same number of components,

(match-define (deep-flomap argb-fm z-fm) dfm)
(define new-z-fm (flomap-blur z-fm o))

given flomaps with ~e and ~e components") (deep-flomap argb-fm new-z-fm)))

<)1)

or a flomap with 1 component and any same-size flomap; "

; deep-flomap-raise and everything derived from it observe an invariant:

(: flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> ((U Real flomap) (U Real flomap) -> flomap))) when z is added, added z must be 0.0 everywhere alpha is 0.0
(define (flomap-1ift2 name f)

(flomap-Lift-helper2 name (A (x y) (real->double-flonum (f x ¥)))))
(define fm+ (flomap-lift-helper2 'fm+ +))
(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 'fn* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /)) (: deep-flomap-enboss (deep-flomap Real (U Real flomap) -> deep-flonap))
(define fmmin (flomap-lift-helper2 ‘fmmin min)) (define (deep-flomap-emboss dfm xy-amt z-amt)
(define fmmax (flomap-lift-helper2 fmmax max)) (let ([0 (/ xy-amt 3.0)1)
(: flomap-normalize (flomap -> flonap))
(define (flomap-normalize fm)

(: deep-flomap-raise (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfm z)

(match-define (deep-flomap argb-fm z-fm) dfm)

(define alpha-fn (deep-flonap-alpha dfm))

(deep-flomap argb-fm (fm+ z-fn (fu* alpha-fm 2))))

(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fm (fu* (flonap-blur z-fn o) z-ant))
» ) (deep-flomap-raise dfm new-z-fm)))

(v-min v-max) (f!
(define v-size (- v-max v-min))

(: deep-flonap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flomap))
(let* ([fm (fm- fm v-min)]

(define (deep-flomap-bulge-helper dfm f)
[fn (if (v-size . = . 0.0) fm (fn/ fm v-size))]) (let ()
) (define-values (w h) (deep-flonap-size dfm))

(define fndiv/zero (define half-x-size (- (* 0.5 (fx->fL w)) 0.5))

(flomap-Lift-helper2 'fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y))))) (define half-y-size (- (* 0.5 (fx->fL h)) 0.5))
(: flomap-divide-alpha (flonap -> flomap)) (define z-fn
(define (flomap-divide-alpha fn) (inline-build-flonap

(match-define (flomap _ c w h) fm) 1uh

(cond [(c . <=. 1) ful aCxyd)

[else

(f (= (/ (fx->fl x) half-x-size) 1.0)
(define alpha-fn (flomap-ref-component fm 6)) (= (/ (fx->fL y) half-y-size) 1.0)))))
(flonap-append-components alpha-fm (fndiv/zero (flomap-drop-components fm 1) alpha-fm))1)) (deep-flomap-raise dfm z-fm)))

(: deep-flomap-bulge (deep-flomap (Flonun Flonum -> Real) -> deep-flomap))
(define (deep-flonap-bulge dfn f)

(deep-flomap-bulge-helper dfm (A (cx cy) (real->double-flonum (f cx cy)))))



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
"flomap-struct. rkt")

(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose

f

(struct-out in)
transforn-conpy
flomap-transfof

(: flomap-flip-horizontd
(define (flonap-flip-ho
(match-define (flomap
(define w-1 (fx- w 1)
(inline-build-flonap

(define (flomap-flip-ve
(match-define (flonap

(define h-1 (fx- h 1)
(inline-build-flonap

(define (flomap-transpod
(match-define (flonap
(inline-build-flomap

(define (flomap-cu-rota
(match-define (flomap
(define h-1 (fx- h 1)
(inline-build-flomap

(define (flomap-ccu-rot:
(match-define (flomap
(define w-1 (fx- w 1)
(inline-build-flomap

(struct: invertible-2d-

(define-type Flomap-Tra
(¢ transforn-compose (F
(define ((transforn-con
(match-define (invert:
(match-define (invert:
(invertible-2d-functic

flomap-transforn (ca:

(define flonap-transforfll '
(case-lanbda
[(fn )
(match-define (flo
(match-define (inv
(define x-min +inf
(define x-max -inf

(define y-min +inf
(define y-max -inf

(let: y-loop :

(when (y .

Voi
fx< .

]

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

(except-in racket/fixnun fl->fx fx->f1)
racket/match racket/math

“Flonum. rkt"
Flomap-struct.rk
“flomap-stats. rkt")

(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2
faneg fmabs fsqr fmsin facos fmtan fmlog fmexp fasqrt fmasin fmacos fmatan
fround fafloor fmceiling fmtruncate fmzero
fm+ fn- fo* fn/ famin fomax

1 ize f pha

; Unary
(: flomap-lift-helper : (Float -> Float) -> (flomap -> flomap))
(define (flomap-lift-helper f)
(A: ([fm : flomap])
(match-define (flomap vs c w h) fm)

(flomap (inline-build-flvector (* c w h) (A (i) (f (unsafe-flvector-ref vs i))))

cwh))

(: flomap-lift ((Flonum -> Real) -> (flomap -> flonap)))

(define

(flomap-Lift op)

(flomap-Lift-helper (A (x) (real->double-flonum (op x)))))

(define fmneg (flomap-lift-helper -))

(define fmabs (flomap-lift-helper abs))
(define fmsar (flomap-lift-helper sar))
(define fmsin (flomap-Lift-helper sin))

(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define fnlog (flomap-lift-helper fllog))
(define fmexp (flomap-lift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))

(define
(define
(define
(define
(define
(define

fuasin (flomap-lift-helper asin))
fmacos (flonap-lift-helper acos))
fnatan (flomap-lift-helper atan))
faround (flomap-Lift-helper round))
fufloor (flomap-Lift-helper floor))
fuceiling (flomap-lift-helper ceiling))

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

(except-in racket/fixnun fx->fl fl->fx)
racket/match racket/math
“flonum. rkt"
Flonap. rkt")
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
deep-Flonap deep-Flonap

ight deep-flonap-z-nin deep-flonap
deep-flonap-size deep-flonap-alpha deep-flonap-rgb

flonap->deep-Flonap

; sizing

deep-flomap-inset deep-flonap-trin deep-flomap-scale deep-flomap-resize
; z-adjusting

deep-f deep-f deep- deep-flonap-tilt
deep-flomap-enboss

deep-flomap deep-flomap ound deep-flonap- ound-rect
deep-f 0id deep- izontal deep-fl
deep-flomap-bulge-ripple

; Compositing

deep-flomap-pin deep-flomap-pin*

tical

deep-flomap-Lt-superinpose deep-flomap-lc-superimpose deep-flomap-lb-sup

deep-f impose deep-f inpose deep-f

deep-flomap-rt-superinpose deep-flonap-rc-superinpose deep-flomap-rb-sup
deep-flonap-vi-append deep-flonap-vc-append deep-flomap-vr-append
deep-f deep-f deep-f
(struct: deep-flonap ([argh : flomap] [z : flomap])
#:transparent
:gquard
(A (argb-fm z-fm name)
(match-define (flonap _ 4 w h) argb-fm)
(match-define (flonap _ 1 zw zh) z-fm)
(unless (and (= w zw) (= h zh))
(error *deep-flonap

“expected flomaps of equal dimension; given dimensions ~ex-e and ~ex-e” w h zw zh))

(values argb-fn z-fm)))
(: flomap->deep-flomap (flonap -> deep-flonap))
(define (flonap->deep-flomap argh-fm)
(match-define (flomap _ 4 w h) argb-fm)
~fm (make-flonap 1 w h)))

(let: x-loop :
(cond [(x .
(defir

(when B

(when

h (deep-flomap -> Nonnegative-Fixnum))
I

xnum) )

t dfm)))

ive-Fixnum Nonnegative-Fixnum)))

(when
(when

(x-lo

[else -

(y-lo
(flonap-transform

g

[(fm t x-min x-nax
(let ([x-min (rea

[x-nax (rea
[y-min (real
[y-max (real
(match-define (f
(match-define (i

(define int-x-mis -

(define int-x-ma:
(define int-y-mis

(define int-y-ma;
(define new-w (- .
(detine new-h (-l
(define x-offset -
(define y-offset
(inline-build-fl
-
< new-u new-h
O (kxy d)
(define-valued -
(flomap-bilin -

= mastiae s

(unsafe-flvector-ref vs2 1))))]
[(= 2 1) (inline-build-flonap
cwh
(\ (kx y i) (f (unsafe-flvector-ref vsl i)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))]
fetse
(error name (string-append “expected flomaps with the same number of components,

“or a flomap with 1 component and any same-size flomap; "

given flonaps with ~e and ~e components"
L))
(: flomap-lift2 (Symbol (Flonum Flonun -> Real) -> ((U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name f)
(flonap-Lift-helper2 name (A (x y) (real->double-flonum (f x y)))))
(define fm+ (flomap-lift-helper2 'fm+ +))
(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 'fn* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /))
(define famin (flomap-lift-helper2 ‘fmmin min))
(define fmmax (flomap-lift-helper2 fmmax max))
(: flomap-normalize (flomap -> flonap))
(define (flomap-normalize fm)
(define-values (v-min v-max) (flonap-extrene-values fm))
(define v-size (- v-max v-nin))
(let* ((fm (fm- fm v-min)]
[fn (if (v-size . = . 0.0) fm (fn/ fm v-size))])
fm)
(define fndiv/zero
(Flonap-Lift-helper2 ‘fmdiv/zero (A (x y) (if (y .
(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)
(cond [(c . <=. 1) ful
[else
(define alpha-fn (flomap-ref-component fm 6))

L 0.0) 0.0 (/ x )

(flomap-append- components alpha-fm (fndiv/zero (flomap-drop-components fm 1) alpha-fm))1))

e-z (deep-flonap (U Real flomap) -> deep-flomap))
(define (deep-flomap-scale-z dfm z)
(match-define (deep-flomap argb-fm z-fm) dfm)
(deep-flomap argb-fm (fm* z-fn 2)))
(: deep-flomap-smooth-z (deep-flonap Real -> deep-flomap))
(define (deep-flonap-smooth-z dfm o)
(let ([o (exact->inexact o)1)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define new-z-fm (flomap-blur z-fm o))
(deep-flomap argb-fn new-z-fn)))
; 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-raise (deep-flonap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfn z)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flomap argb-fu (fn+ z-fn (f* alpha-fm 2))))
(: deep-flomap-enboss (deep-flomap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-ant z-ant)
(et (o (/ xy-amt 3.0)1)
(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fm (fu* (flomap-blur z-fm o) z-amt))
(deep-flomap-raise dfm new-z-fm)))
(: deep-flomap-bulge-helper (deep-flonap (Flonum Flonum -> Flonun) -> deep-flonap))
(define (deep-flomap-bulge-helper dfm f)
(let ()
(define-values (w h) (deep-flonap-size dfm))
(define half-x-size (- (* 0.5 (fx->fL w)) 0.5))
(define half-y-size (- (* 0.5 (fx->fL h)) 0.5))
(define z-fn
(inline-build-flomap
1uh
aCxyd)
(f (- (/ (fx->fL x) half-x-size) 1.0)
(+ (/ (fx->fL y) half-y-size) 1.0)))))
(deep-flomap-raise dfm z-fm)))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flomap))
(define (deep-flomap-bulge dfn f)
(deep-flomap-bulge-helper dfn (A (cx cy) (real->double-flonum (f cx cy)))))



neil@schro-der:--.»‘plt.»‘couects/inagess Tind . =name 'conpile-d' -exec rm
-rf AN N

neil@schroder:~/plt/bins time ./raco setup --no-docs -1 images

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

enceptein raciet/ i ocn-fl - FACO Setup: --- parallel build using 8 processes ---

racket/match racket/math

raco setup: 7 making: images

(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose “flomap-struct. rkt"

. Flomaystate. k") raco setup: 7 making: images/scribblings
(struct-out i (provide flomap-lift flomap-1ift2 Flomap-Lift raco setup: 7 making: images/icons

funeg fmabs fmsqr fmsin fmcos fmtan

faraund faftoor mceiting meruncote | FACO S@tup: 7 making: images/icons/private

fmt - fu* fm/ famin fmmax

"flomap-struct. rkt")

transforn-comp
flomap-transfof

(: flomap-flip-horizontd
(define (flonap-flip-ho
(match-define (flomap
(define w-1 (fx- w 1)
(inline-build-flonap

flonap-normalize flomap-nultiply-alp

e rea 2m25.441s
(: flomap-lift-helper : (Float -> Float) -> ( user 2m35.570s
(:

define (flomap-lift-helper f)

O (U : flonap]) sys m3.370s
(match-define (flomap vs ¢ w h) fm)
(flomap (inline-build-flvector (* c w h)

cwh)))
)) (: flomap-lift ((Flonum -> Real) -> (flomap -
(detine.(rlonap-Lire o) Now with “images/private" first
(Manap-tife-hetper (3 (0) (reat->dutto- 1.
(define fmneg (flomap-lift-helper -))
(define fmabs (flomap-lift-helper abs))

e ey o)) neil@schroder:~/plt/collects/imagess find . -name 'compiled’ -exec rm

(define fmsin (flomap-lift-helper sin)) - rf \{\} \ H

(define fmcos (flomap-lift-helper cos))

(define fmtan (flomap-lift-helper tan))
lefine fmlog (flomap-lift-helper fllot

" (ietine feom (Honmptifentper o) neil@schroder:~/plt/bin$ time ./raco setup --no-docs -1 images/private

(define fmsqrt (flomap-lift-helper flsqrt))

(define fmasin (flomap-lift-helper asin))

(define fmacos (flomap-lift-helper acos)) real 1ml3.332s

Wl (define fmatan (flomap-lift-helper atan))

e — (define fmround (flomap-lift-helper round)) user 1md6.640s
i st ieres. o (define fmfloor (flomap-lift-helper floor)) sys m3.120s

(define fmceiling (flomap-lift-helper ceiling

(define (flomap-flip-ve
(match-define (flonap
(define h-1 (fx- h 1)
(inline-build-flonap

(define (flomap-transpod
(match-define (flonap
(inline-build-flomap

(define (flomap-cu-rota
(match-define (flomap
(define h-1 (fx- h 1)
(inline-build-flomap

(define (flomap-ccu-rot:
(match-define (flomap
(define w-1 (fx- w 1)
(inline-build-flomap

(struct: invertible-2d-

(define ((transform-comg -
(match-detine (invert; - images
(match-define (invert:

(invertible-2d-functic

flomap-transforn (ca:

(define flomap-transforfll |4 ‘s
(case-lanbda
[(fn )

(match-define (flo

-
(match-define (inv
(define x-min +inf
(define x-max -inf
(define y-min +inf ! -
(define y-max -inf
(let: y-loop : Voi [ ] [ ] [ ]

(when (y . fx< . T e
(let: x-loop :
oo 10 2:35. This is
(defir
(when $ -
(when
(when . - ana
o el Nedl L
lelse . e clwh
(y-Lo (A (k x y i) (f (unsafe-flvector-ref vsl i) (: deep-flomap-smooth-z (deep-flomap Real -> deep-flomap))
(flomap-transform

(unsafe-flvector-ref vs2 (coords->index 1w 0 x ¥)))))] (define (deep-flonap-snooth-z dfm o)
[(fn t x-min x-max fetse (let ([o (exact->inexact o)1)
(et (Dcmin (reafll .y

(error name (string-append "expected flomaps with the same number of components, " (match-define (deep-flomap argb-fm z-fm) dfm)

[x-nax (real “or a flomap with 1 component and any same-size flomap; " (define new-z-fm (flomap-blur z-fm o))

[y-min (rea

given flonaps with ~e and ~e components”) (deep-flonap argb-fn new-z-fm)))

[y-nax (rea . a2 ; deep-flomap-raise and everything derived from it observe an invariant:
(match-define (f: PRAp— (: flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> ((U Real flomap) (U Real flomap) -> flomap))) ; when z is added, added z must be 0.0 everywhere alpha is 0.0
(match-define (il (define (flomap-lift2 name f) (: deep-flomap-raise (deep-flomap (U Real flomap) -> deep-flomap))
(define int-x-mil - - - (flomap-1lift-helper2 name (A (x y) (real->double-flonum (f x y))))) (define (deep-flomap-raise dfm z)

(define int-x-ma: (define fm+ (flomap-lift-helper2 'fm+ +)) (match-define (deep-flomap argb-fm z-fm) dfm)
(define int-y-mis N , (define fm- (flomap-lift-helper2 ‘fn- -)) (define alpha-fn (deep-flonap-alpha dfm))

(define int-y-na (define fm* (flomap-lift-helper2 'fm* *)) (deep-Flomap argb-fm (fm+ z-fm (fn* alpha-fm 2))))
(define new-w (- R (define fm/ (flomap-lift-helper2 'fm/ /)) («

: deep-flomap-emboss (deep-flonap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-ant z-ant)
(et (o (/ xy-amt 3.0)1)
(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fm (fu* (flomap-blur z-fm o) z-amt))
(deep-flomap-raise dfm new-z-fm)))

(define new-h (-
(define x-offset ll .,
(define y-offset
(inline-build-fl

(define famin (flomap-lift-helper2 ‘fmmin min))
(define fmmax (flomap-lift-helper2 'fmmax max))
(: flomap-normalize (flomap -> flonap))
(define (flomap-normalize fm)

© new-w new-h
O (kxyd)
(define-valued

(define-values (v-min v-max) (flomap-extreme-values fm))
(define v-size (- v-max v-min)) (:

deep-flonap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flomap))
(let* ([fm (fm- fm v-min)]

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

(fm  (if (v-size . . 0.0) fm (fm/ fm v-size))]) (let ()
(flomap-bilin e - ) (define-values (w h) (deep-flomap-size dfm))
(define fmdiv/zero (define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
s (flomap-lift-helper2 ' fadiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y)))) (define half-y-size (- (* 0.5 (fx->fL h)) 0.5))
= (: flomap-divide-alpha (flomap -> flomap)) (define z-fn

(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)
(cond [(c . <=. 1) ful
[else
(define alpha-fn (flomap-ref-component fm 6))

(inline-build-flonap
Twh

O (Cxyi)
(f (= (/ (fx->fU x) half-x-size) 1.0)
(- (/ (fx->fl y) half-y-size) 1.0)))))
(flomap-append- components alpha-fm (fndiv/zero (flomap-drop-components fm 1) alpha-fm))1)) (deep-flomap-raise dfm z-fm)))
(: deep-flonap-bulge (deep-flomap (Flonum Flonum -> Real) -> deep-flomap))
(define (deep-flonap-bulge dfm )
(deep-flomap-bulge-helper dfm (A (cx cy) (real->double-flonum (f cx cy)))))
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#lang typed/racket/base
(require racket/match racket/math racket/flonun

(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
“flomap-struct. rkt")
(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flomap-Transforn

po; whirl
flomap-transform)
(: flomap-flip-horizontal (flomap -> flomap))
(define (flomap-flip-horizontal fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap ¢ w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1x) y)))))
(define (flomap-flip-vertical fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap ¢ w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1))))))
(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flomap ¢ h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ 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-flomap ¢ h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- h-1y) x)))))
(define (flomap-ccu-rotate fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flomap ¢ h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ w k y (fx- w-1 x))))))
(struct: invertible-2d-function (If : (Flonum Flonun -> (values Flonum Flonum))]
[g : (Flonum Flonun -> (values Flonum Flonum))1))
(define-type Flomap-Transforn (Integer Integer -> invertible-2d-function))
(: transform-conpose (Flomap-Transforn Flonap-Transform -> Flonap-Transform))
(define ((transforn-compose t1 t2) w h)
(match-define (invertible-2d-function f1 gl) (t1 w h))
(match-define (invertible-2d-function f2 g2) (t2 w h))
(invertible-2d-function (A: ([x : Flonun] [y : Flonum])
(let-values ([(xy) (f2xy)])
(f1x )
(: (Ix : Flonum] [y : Flonun])
(let-values ([(xy) (g1 xy)])
(92 x y))))
flomap-transforn (case-> (flomap Flomap-Transforn -> flonap)

(flomap Flomap-Transform Real Real Real Real -> flomap)))
(define flomap-transforn
(case-lambda
[(fa 1)
(match-define (flomap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w h))
(define x-nin +inf.0)
(define x-max -inf.0)
(define y-nin +inf.0)
(define y-nax -inf.0)
(let: y-loop : Void ([y : Integer 01)
(when (y . fx< . h)
(let: x-loop : Void ([x : Integer 01)
(cond [(x . fx< . w)
(define-values (new-x new-y) (f (+ 0.5 (fx->fL x)) (+ 0.5 (fx->fl 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 . > . y-max) (set! y-max new-y))
(x-loop (fx+ x 1))]
[else
(y-loop (fx+ y 1))1))))
(flonap-transform fm t x-min x-max y-min y-max)]
[(fa t x-min x-max y-min y-nax)
(let ([x-min (real->double-flonum x-nin)]
[x-max (real->double-flonun x-max)]
[y-min (real->double-flonun y-min)]
[y-max (real->double-flonun y-max)1)
(match-define (flomap vs ¢ 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-max (fl->fx (ceiling x-max)))
(define int-y-min (fl->fx (floor y-nin)))
(define int-y-max (fl->fx (ceiling y-nax)))
(define new-w (- int-x-max int-x-min))
(define new-h (- int-y-max int-y-min))
(define x-offset (+ 0.5 (fx->fl int-x-min)))
(define y-offset (+ 0.5 (fx->fl int-y-min)))
(intine-build-flonap
< new-w new-h
O (kxy 4)
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)
(+ (fx->fLy) y-offset)))
(flomap-bilinear-ref fm k old-x old-y))))1))

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

(except-in racket/fixnun fl->fx fx->fl)
racket/match racket/math
“flonun. rkt"
“flomap-struct. rkt"
“flomap-stats. rkt")
(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2
faneg fmabs fsqr fmsin facos fmtan fnlog fmexp fasqrt fmasin fmacos fmatan
fround fafloor fmceiling fmtruncate fmzero
fm+ fn- fo* fn/ famin fomax
f ize i f

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

(flomap (inline-build-flvector (* c w h) (A (i) (f (unsafe-flvector-ref vs i)))

(define (flomap-lift op)
(flonap-Lift-helper (A (x) (real->double-flonum (op x)))))
(define faneg (flomap-lift-helper -))
(define fmabs (flomap-Lift-helper abs))
(define fmsar (flomap-lift-helper sar))
(define fmsin (flomap-Lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define flog (flomap-lift-helper fllog))
(define fmexp (flomap-lift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fmasin (flomap-lift-helper asin))
(define fmacos (flomap-lift-helper acos))
(define fmatan (flomap-lift-helper atan))
(define fmround (flomap-lift-helper round))
(define fnfloor (flomap-lift-helper floor))
(define fmceiling (flomap-lift-helper ceiling))
(define fmtruncate (flomap-lift-helper truncate))
(define fmzero (flomap-lift-helper (A (x) (if (x . = . 0.0) 1.0 0.0))))

(let: ()
(A: ([fal : (U Real flomap)] [fn2 : (U Real flomap)])
(cond
[(and (real? fal) (real? fn2))

(error name "expected at least one flomap argument; given ~e and ~e" fml fu2)]
[(real? fml) (let (Ifnl (real->double-flonun fa1)])

((Flomap-Lift-helper (A (v) (f fal v))) fa2))]
[(real? fu2) (let (Ifn2 (real->double-flonun fn2)])

((flonap-Lift-helper (A (v) (f v fa2))) fa1))]

[else
(match-define (flomap vs1 clw h) fml)
(match-define (flomap vs2 c2 w2 h2) fm2)
(cond
[(not (and (= ww2) (= h h2)))
(error name "expected same-size flomaps; given sizes -ex-e and ~ex-e” w h w2 h2)]
[(= ¢l c2) (define n (* clw h))
(define res-vs (make-flvector n))
(flomap (inline-build-flvector n (A (i) (f (unsafe-flvector-ref vsl i)
(unsafe-flvector-ref vs2 1))
cwh)l
[(= c11) (inline-build-flonap
2wh
( (k xy i) (f (unsafe-flvector-ref vs1 (coords->index 1w 0 x y))
(unsafe-flvector-ref vs2 i))))1
[(= 2 1) (inline-build-flonap
cLwh
( (k xy i) (f (unsafe-flvector-ref vsl i)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x y)))))1
lelse
(error name (string-append “expected flomaps with the sane number of components, *
“or a flomap with 1 component and any same-size flomap;
‘given flomaps with ~e and ~e components")

(define (flomap-1ift2 name f)
(flomap-Lift-helper2 name (A (x y) (real->double-flonum (f x ¥)))))

(define fm+ (flomap-lift-helper2 'fm+ +))

(define fm- (flomap-lift-helper2 ‘fn- -))

(define fm* (flomap-lift-helper2 'fn* *))

(define fn/ (flomap-lift-helper2 ‘fn/ /))

(define fmmin (flomap-lift-helper2 ‘fmmin min))

(define fmmax (flomap-lift-helper2 fmmax max))

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

(define (flomap-normalize fm)

(v-min v-max) (flomap m)
(define v-size (- v-max v-nin))
(let* ((fm (fm- fm v-min)]
[fn (if (v-size . = . 0.0) fm (fn/ fm v-size))])
fm)
(define fndiv/zero
(flomap-Lift-helper2 'fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y)))))
(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)
(cond [(c . <=. 1) ful
[else

(define alpha-fn (flomap-ref-component fm 0))
(flonap-append-conponents alpha-fn (fndiv/zero (flomap-drop-conponents fm 1) alpha-fm))1))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnun fx->fl fl->fx)
racket/match racket/nath
“flonun. rkt"

“flomap. rkt")

(provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
deep-f deep-f ight deep-f in deep-f
deep-flomap-size deep-flonap-alpha deep-flomap-rgb
flomap->deep-flonap
; sizing

deep-flomap-inset deep-flonap-trin deep-flomap-scale deep-flomap-resize
; z-adjusting

deep-f deep-f deep-f! ise deep-flomap-tilt
deep-flomap-enboss

deep-flonap deep-flonap ound deep-flomap:

deep-f 0id deep-f izontal deep-f] tical
deep- flomap-bulge-ripple

; Compositing

deep-flomap-pin deep-flonap-pin*

deep-flonap i deep-flomap-L i deep-flonap perinpose
deep-f inpose deep-f inpose deep-f imp
deep- Flomap-r i deep- flomap-r i deep-f inpose
deep-flomap-vl-append deep-flomap-vc-append deep-flomap-vr-append

deep-f deep-f: deep-f:

(struct: deep-flomap ([argh
#:transparent

#:quard

flonap] [z : flonap])

(A (argb-fm z-fn name)
(match-define (flonap _ 4 w h) argb-fm)
(match-define (flomap _ 1 2w zh) z-fm)
(untess (and (= w 2) (= h zh))
(error *deep-flonap
“expected flomaps of equal dimensio;
(values argb-fn z-fm)))

given dimensions ~ex-e and ~ex-e” w h zw zh))

(: flomap->deep-flomap (flomap -> deep-flonap))
(define (flonap->deep-flomap argb-fm)
(match-define (flonap _ 4 w h) argb-fm)
(deep-flomap argb-fm (make-flomap 1 w h)))
(: deep-f idth (deep-flomap -> ive-Fixnum))
(define (deep-flonap-width dfm)
(define w (flomap-width (deep-flomap-argh dfm)))
(with-asserts ([w nonnegative-fixnun?])
W)
(: deep-f (deep-flomap -> ive-Fixnum))
(define (deep-flonap-height dfm)
(define h (flomap-height (deep-flomap-argb dfm)))
(with-asserts ([h nonnegative-fixnun?])
h)
(: deep-flomap-z-min (deep-flomap -> Flonum))
(define (deep-flonap-z-min dfm)
(flonap-min-value (deep-flonap-z dfm)))
(: deep-flomap-z-max (deep-flomap -> Flonum))
(define (deep-flonap-z-max dfm)

(flonap-max-value (deep-flomap-z dfm)))
(: deep-flomap-size (deep-flonap -> (values Nonnegative-Fixnum Nonnegative-Fixnum)))
(define (deep-flomap-size dfm)
(values (deep-flonap-width dfm) (deep-flonap-height dfm)))
(: deep-flomap-alpha (deep-flomap -> flonap))
(define (deep-flonap-alpha dfm)
(flonap-ref-component (deep-flonap-argb dfm) 6))
(: deep-flomap-rgb (deep-flonap -> flomap))
(define (deep-flomap-rgb dfm)
(flonap-drop-conponents (deep-flomap-argh dfm) 1))

2 adjusters

(: deep-flomap-scale-z (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flomap-scale-z dfn 2)
(match-define (deep-flomap argb-fm z-fm) dfm)
(deep-flomap argb-fm (fm* z-fn 2)))
(: deep-flomap-smooth-z (deep-flomap Real -> deep-flonap))
(define (deep-flonap-smooth-z dfm o)
(let ([o (exact->inexact o)1)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define new-z-fm (flomap-blur z-fm o))
(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-raise (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfm z)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flomap argb-fm (fm+ z-fn (fu* alpha-fm 2))))
(: deep-flomap-enboss (deep-flonap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-amt z-amt)
(let ([0 (/ xy-amt 3.0)1)
(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fu (fu* (flonap-blur z-fn o) z-amt))
(deep-flomap-raise dfm new-z-fm)))
m -> Flonun) -> deep-flonap))
[(define (deep-flomap-bulge-helper dfm f)
(let ()
(define-values (w h) (deep-flomap-size dfm))
(define half-x-size (- (* 0.5 (fx->flw)) 0.5)
(define half-y-size (- (* 0.5 (fx->fL h)) 0.5)
(define z-fn

(inline-build-flonap
Twh

O (Cxyi)
(f (= (/ (fx->fU x) half-x-size) 1.0)
(- (/ (fx->fly) half-y-size) 1.0)))))

al) -> deep-flonap))
(define (deep-flonap-bulge dfn f)

(deep-flomap-bulge-helper dfm (A (cx cy) (real->double-flonum (f cx cy)))))



#lang typed/racket/base
(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
“flomap-struct. rkt")
(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flonap-Transforn

pose r whirl i d
flomap-transform)
(: flomap-flip-horizontal (flomap -> flomap))
(define (flomap-flip-horizontal fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap ¢ w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1x) y)))))
(define (flomap-flip-vertical fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap ¢ w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1))))))
(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ 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-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- h-1y) x)))))
(define (flomap-ccu-rotate fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ w k y (fx- w-1 x))))))
(struct: invertible-2d-function (If : (Flonum Flonun -> (values Flonum Flonum))]
[g : (Flonum Flonun -> (values Flonum Flonum))1))
(define-type Flomap-Transforn (Integer Integer -> invertible-2d-function))

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

(except-in racket/fixnun fl->fx fx->fl)
racket/match racket/math
“flonum. rkt"
“flomap-struct. rkt"
“flomap-stats. rkt")
(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2
faneg fmabs fsqr fmsin facos fmtan fnlog fmexp fasqrt fmasin fmacos fmatan
fround fafloor fmceiling fmtruncate fmzero
fm+ fn- fo* fn/ famin fomax
f ize f f

(define (flomap-lift-helper f)
(A: ([fm : flomap])

(match-define (flomap vs ¢ w h) fm)

(flomap (inline-build-flvector (* c w h) (A (i) (f (unsafe-flvector-ref vs i)))

(define (flomap-lift op)

(flonap-Lift-helper (A (x) (real->double-flonum (op x)))))
(define faneg (flomap-lift-helper -))
(define fmabs (flomap-Lift-helper abs))
(define fmsar (flomap-lift-helper sar))
(define fmsin (flomap-Lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define flog (flomap-lift-helper fllog))
(define fmexp (flomap-lift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fmasin (flomap-lift-helper asin))
(define fmacos (flomap-lift-helper acos))
(define fmatan (flomap-lift-helper atan))
(define fmround (flomap-lift-helper round))
(define fnfloor (flomap-lift-helper floor))
(define fmceiling (flomap-lift-helper ceiling))

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->fl fl->fx)
racket/match racket/math
“flonum. rkt

“flomap. rkt")
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
deep-f deep-f ight deep-f in deep-f

deep-flomap-size deep-flonap-alpha deep-flomap-rgb

flomap->deep-flonap

; sizing

deep-flomap-inset deep-flonap-trin deep-flomap-scale deep-flomap-resize

; z-adjusting

deep-f deep-f deep-f! ise deep-flomap-tilt
deep-flomap-enboss

deep-flomap deep-flomap ound deep-flonap- ound-rect
deep-f 0id deep- izontal deep-fl tical
deep-flomap-bulge-ripple

; Compositing

deep-flomap-pin deep-flonap-pin*
deep-flomap-Lt-superinpose deep-flomap-Lc-superinpose deep-flomap-1b-superinp
deep-f inpose deep-f inpose deep-f imp
deep-flomap-rt-superinpose deep-flomap-rc-superinpose deep-flomap-rb-superinp
deep-flomap-vl-append deep-flomap-vc-append deep-flomap-vr-append
deep-f deep-f: deep-f:
(struct: deep-flonap ([argb : flonap] [z : flomap])
#:transparent
#:quard
(A (argb-fm z-fm name)
(match-define (flonap _ 4 w h) argb-fm)
(match-define (flonap _ 1 zw zh) z-fm)
(unless (and (= w zw) (= h zh))
(error *deep-flonap

“expected flomaps of equal dimensio;
(values argb-fn z-fm)))
(: flomap->deep-flomap (flonap -> deep-flonap))
(define (flonap->deep-flomap argh-fm)
(mateh-define (flomap _ 4 w h) argb-fm)

given dimensions ~ex-e and ~ex-e” w h zw zh))

(: (Flomap-T:
(define ((transforn-conpose t1 t2|
(match-define (invertible-2d-fu
(match-define (invertible-2d-fu
(invertible-2d-function (A: ([x|
(let|
1)
a1y
(let
(92

(case-lambda
[(fa 1)
(match-define (flomap vs c v}
(match-define (invertible-2d

S define-syntax-rule

T (define (flomap-lift-helper f) ... e

(let: y-loop : Void ([y : In
(when (y . fx< . h)
(let: x-loop : Void ([x
(cond [(x . fx< . w)

(define-values

(when (new-x .

(when (new-x .

(when (new-y .

(when (new-y . *ymax Set! y-max new-y))

(x-loop (fx+ x 1))]
[else
(y-loop (fx+ y 1)1))))
(flomap-transform fm t x-min x-max y-min y-max)]
[(fm t x-min x-max y-min y-max)
(let ([x-min (real->double-flonum x-min)]
[x-max (real->double-flonum x-max)]
[y-nin (real->double-Flonun y-nin)]
[y-max (real->double-flonum y-max)])
(match-define (flomap vs ¢ 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-max (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-x-max int-x-min))
(define new-h (- int-y-max int-y-nin))
(define x-offset (+ 0.5 (fx->fl int-x-min)))
(define y-offset (+ 0.5 (fx->fl int-y-min)))
(inline-build-flomap
© new-w new-h
O (kxyd)
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)
(+ (fx->fl y) y-offset)))
(flomap-bilinear-ref fm k old-x old-y))))1))

unsate-1tvecto
[(= 2 1) (inline-build-flonap
cLwh
( (k xy i) (f (unsafe-flvector-ref vsl i)
(unsafe-flvector-ref vs2 (coords->index 1w 0 x y)))))1

ret vsZ2 1)))]1

lelse
(error name (string-append “expected flomaps with the sane number of components, *

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

given flonaps with ~e and ~e components”)

(define (flonap-1ift2 name f)
(flomap-Lift-helper2 name (A (x y) (real->double-flonum (f x ¥)))))
(define fm+ (flomap-lift-helper2 'fm+ +))
(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 'fn* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /))
(define fmmin (flomap-lift-helper2 ‘fmmin min))
(define fmmax (flomap-lift-helper2 fmmax max))
(: flomap-normalize (flomap -> flonap))
(define (flomap-normalize fm)
(define-values (v-min v-max) (flonap-extrene-values fm))
(define v-size (- v-max v-nin))
(let* ((fm (fm- fm v-min)]
[fn (if (v-size . = . 0.0) fm (fn/ fm v-size))])
fm)
(define fndiv/zero
(flomap-Lift-helper2 'fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y)))))
(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)
(cond [(c . <=. 1) ful
[else
(define alpha-fn (flomap-ref-component fm 6))

(flomap-append- components alpha-fm (fndiv/zero (flomap-drop-components fm 1) alpha-fm))1))

e —

(match-define (deep-flomap argb-fm z-fm) dfm)
(deep-flomap argb-fm (fm* z-fn 2)))
(: deep-flomap-smooth-z (deep-flomap Real -> deep-flonap))
(define (deep-flonap-smooth-z dfm o)
(let ([0 (exact->inexact o)1)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define new-z-fm (flomap-blur z-fm o))
(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-raise (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfm z)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flomap argb-fm (fm+ z-fn (fu* alpha-fm 2))))
(: deep-flomap-enboss (deep-flomap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-amt z-amt)
(let ([0 (/ xy-amt 3.0)1)
(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fm (fu* (flonap-blur z-fn o) z-ant))
(deep-flomap-raise dfm new-z-fm)))
m -> Flonun) -> deep-flonap))
[(define (deep-flomap-bulge-helper dfm f)
(let ()
(define-values (w h) (deep-flonap-size dfm))
(define half-x-size (- (* 0.5 (fx->flw)) 0.5)
(define half-y-size (- (* 0.5 (fx->fL h)) 0.5)
(define z-fn
(inline-build-flonap
1uh

O (Cxyi)
(f (= (/ (fx->fU x) half-x-size) 1.0)
(- (/ (fx->fly) half-y-size) 1.0)))))

al) -> deep-flonap))
(define (deep-flonap-bulge dfn f)
(deep-flomap-bulge-helper dfn (A (cx cy) (real->double-flonum (f cx cy)))))




#lang typed/racket/base
(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
"flomap-struct. rkt")
(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flonap-Transforn
transforn-conpose rotate-transform whirl-and-pinch-transforn
flomap-transform)
(: flomap-flip-horizontal (flomap -> flomap))
(define (flomap-flip-horizontal fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flonap ¢ w h (A (k x y 1)

(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1x) y)))))

(define (flomap-flip-vertical fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flonap ¢ w h (A (k x y 1)

(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1y))))))

(define (flomap-transpose fm)

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

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

(unsafe-flvector-ref vs (coords->index ¢ 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-flomap c h w (A (k x y i)

(unsafe-flvector-ref vs (coords->index ¢ w k (fx- h-1y) x)))))

(define (flomap-ccu-rotate fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flomap ¢ hw (A (k x y i)

(unsafe-flvector-ref vs (coords->index ¢ w k y (fx- w-1x))))))

(struct: invertible-2d-function ([f : (Flonum Flonum -> (values Flonum Flonum))]

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

(except-in racket/fixnum fl->fx fx->f1)
racket/match racket/math
“flonun. rkt"

Flomap-struct.rk
“flomap-stats. rkt")

(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2
faneg fmabs fsqr fmsin facos fmtan fmlog fmexp fasqrt fmasin fmacos fmatan
fround fafloor fmceiling fmtruncate fmzero
fm+ fn- fo* fn/ famin fomax
f ize f pha f

; Unary
(: flomap-lift-helper : (Float -> Float) -> (flomap -> flomap))
(define (flomap-lift-helper f)
(A: ([fm : flomap])
(match-define (flomap vs c w h) fm)
(flonap (inline-build-flvector (* c w h) (A (i) (f (unsafe-flvector-ref vs i))))
cwh))
(: flomap-lift ((Flonum -> Real) -> (flomap -> flonap)))
(define (flomap-lift op)
(flonap-Lift-helper (A (x) (real->double-flonum (op x)))))

(define fmneg (flomap-lift-helper -))
(define fmabs (flomap-lift-helper abs))
(define fmsar (flomap-lift-helper sar))
(define fmsin (flomap-Lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define fnlog (flomap-lift-helper fllog))
(define fmexp (flomap-lift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fmasin (flomap-lift-helper asin))
(define fmacos (flomap-lift-helper acos))
(define fmatan (flomap-lift-helper atan))
(define fmround (flomap-lift-helper round))

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

(except-in racket/fixnun fx->fl fl->fx)
racket/match racket/math
“flonum. rkt"
Flonap. rkt")
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
deep- flomap-width deep-flonap-height deep-flonap-z-min deep-flonap-
deep-flonap-size deep-flonap-alpha deep-flonap-rgb
flomap->deep-flonap
; sizing

deep-flomap-inset deep-flonap-trin deep-flonap-scale deep-flomap-resize
; Z-adjusting

deep-f deep-f deep- deep-flonap-tilt
deep-flomap-enboss

deep-flonap: deep-flonap: ound deep-flonap. ound-rect

deep- 1 oid deep-f izontal deep-flomap-bulge-vertical

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

deep-flomap-1t-superinpose deep-flonap-Lc-superinpose deep-flomap-Lb-sup

deep- 1 pose deep- 1 inpose deep-f

deep-flomap-rt-superinpose deep-flonap-rc-superinpose deep-flonap-rb-
deep-flonap-vi-append deep-flonap-vc-append deep-flomap-vr-append
deep-fl deep-f deep-f
(struct: deep-flonap ([argh : flomap] [z : flomap])
#:transparent
:gquard
(A (argb-fm z-fm name)
(match-define (flonap _ 4 w h) argb-fm)
(match-define (flonap _ 1 zw zh) z-fm)
(unless (and (= w zw) (= h zh))
(error *deep-flonap

“expected flomaps of equal dimension; given dimensions ~ex-e and ~ex-e” w h zw zh))

(values argb-fn z-fm)))

flonap->deep-flomap (flomap -> deep-flonap))

There must be a better way.

[else
(y-loop (fx+ y 1))1))))
(flomap-transform fm t x-min x-nax y-min y-max)]
[(fn t x-min x-max y-min y-nax)
(let ([x-min (real->double-flonum x-nin)]
[x-max (real->double-flonun x-nax)]
[y-nin (real->double-flonun y-min)]
[y-nax (real->double-flonun y-nax)])
(match-define (flomap vs ¢ w h) fm)
(match-define (invertible-2d-function f g) (t w h))
(define int-x-min (fl->fx (floor x-nin)))
(define int-x-max (fl->fx (ceiling x-nax)))
(define int-y-min (fl->fx (floor y-nin)))
(define int-y-max (fl->fx (ceiling y-nax)))
(define new-w (- int-x-max int-x-min))
(define new-h (- int-y-max int-y-min))
(define x-offset (+ 0.5 (fx->fl int-x-min)))
(define y-offset (+ 0.5 (fx->fl int-y-min)))
(inline-build-flonap
< new-w new-h
™ (kxy 4)
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)
(+ (fx->fLy) y-offset)))
(flomap-bilinear-ref fa k old-x old-y))))1))

clwh
(O (k x y i) (f (unsafe-flvector-ref vs1 i)

(unsafe-flvector-ref vs2 (coords->index 1w 0 x y)))))]

[else

(error name (string-append “expected flomaps with the same number of components,

given flomaps with ~e and ~e components”
€1 c2)))

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

(: flomap-lift2 (Symbol (Flonum Flonun -> Real) -> ((U Real flomap) (U Real flomap) -> flomap)))

(define (flonap-1ift2 name f)
(flonap-Lift-helper2 name (A (x y) (real->double-flonum (f x y)))))
(define fm+ (flomap-lift-helper2 'fm+ +))
(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 'fn* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /))
(define famin (flomap-lift-helper2 ‘fmmin min))
(define fmmax (flomap-lift-helper2 fmmax max))
(: flomap-normalize (flomap -> flonap))
(define (flomap-normalize fm)
(define-values (v-min v-max) (flomap-extreme-values fn))
(define v-size (- v-max v-nin))
(let* ((fm (fm- fm v-min)]
[fn (if (v-size . = . 0.0) fm (fn/ fm v-size))])
fm)
(define fndiv/zero
(flonap-Lift-helper2 ‘fmdiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x )
(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)
(cond [(c . <=. 1) ful
[else
(define alpha-fn (flomap-ref-component fm 6))

(flomap-append- components alpha-fm (fndiv/zero (flomap-drop-components fm 1) alpha-fm))1))

(deep-flomap argb-fm (fm* z-fn 2)))
(: deep-flomap-smooth-z (deep-flonap Real -> deep-flomap))
(define (deep-flonap-smooth-z dfm o)
(let ([o (exact->inexact o)1)
(match-define (deep-flonap argb-fn z-fm) dfm)
(define new-z-fm (flonap-blur z-fm o))
(deep-flomap argb-fn new-z-fn)))
; deep-flonap-raise and everything derived from it observe an invariant:
; when 2 is added, added z nust be 0.0 everywhere alpha is 0.0
(: deep-flomap-raise (deep-flonap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfn z)
(match-define (deep-flonap argb-fn z-fn) dfa)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flonap argb-fu (fn+ z-fn (fa* alpha-fm 2))))
(: deep-flomap-enboss (deep-flomap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-ant z-ant)
(et (o (/ xy-amt 3.0)1)
(define z-fm (flonap-nornalize (deep-flonap-alpha dfn)))
(define new-z-fm (fu* (flomap-blur z-fm o) z-amt))
(deep-flomap-raise dfm new-z-fm)))
(: deep-flomap-bulge-helper (deep-flonap (Flonum Flonum -> Flonun) -> deep-flonap))
(define (deep-flomap-bulge-helper dfn f)
(let ()
(define-values (w h) (deep-flonap-size dfm))
(define half-x-size (- (* 0.5 (fx->fL w)) 0.5))
(define half-y-size (- (* 0.5 (fx->fL h)) 0.5))
(define 2z-fn
(inline-build-flomap
1uh
aCxyd)
(f (- (/ (fx->fL x) half-x-size) 1.0)
(- (/ (fx->fLy) half-y-size) 1.0)))))
(deep-flomap-raise dfn z-fm)))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flomap))
(define (deep-flomap-bulge dfn f)
(deep-flomap-bulge-helper dfn (A (cx cy) (real->double-flonum (f cx cy)))))




#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
"flomap-struct. rkt")

(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flonap-Transforn
transforn-conpose rotate-transforn whirl-and-pinch-transform
flomap-transform)

#lang typed/racket/base

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

Flomap-struct.rk
“flomap-stats. rkt")

(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2

#lang typed/racket/base
(require racket/flonun
(except-in racket/fixnun fx->fl fl->fx)
racket/match racket/math
“flonum. rkt"
Flonap. rkt")
(provide deep-flonap deep-flonap? deep-flonap-argb deep-flomap-z
deep-flomap-width deep-f1

funeg fmabs fmsqr fmsin fmcos fmtan fmlog fmexp fmsqrt fmasin fmacos fmatan
faround fufloor fmceiling fmtruncate fmzero
fmt - fu* fm/ famin fmmax

p-height deep-flomap-z-min deep-flomap.
deep-flonap-size deep-flonap-alpha deep-flonap-rgb
flonap->deep-Flonap

(: flomap-flip-horizontal (flomap -> flomap))
(define (flomap-flip-horizontal fm)

; sizing
f ize f pha
(mateh-define (flomap vs c w h) fm)

deep-flomap-inset deep-flonap-trin deep-flomap-scale deep-flomap-resize
; z-adjusting
(define w-1 (fx- w 1)) ; unary deep-f deep-f deep-f! deep-flonap-tilt
(inline-build-flonap ¢ w h (A (k x y 1) (: flomap-lift-helper : (Float -> Float) -> (flomap -> flomap)) deep-flomap-enboss
(unsafe-flvector-ref vs (coords->index ¢ w k (fx- w-1x) y))))) (define (flomap-lift-helper f)
(define (flomap-flip-vertical fm)

deep-flonap deep-flonap ound deep-flomap: ound-rect
(A: ([fm : flomap]) deep-fl 0id deep-f izontal deep-flonap-bulge-vertical
(match-define (flomap vs c w h) fm) (match-define (flomap vs c w h) fm) deep- flomap-bulge-ripple
(define h-1 (fx- h 1))
(inline-build-flonap ¢ w h (A (k x y 1)

ap-pin®
(unsafe-flvector-ref vs (coords->indd e deep-flomap-lc-superinpose deep-flonap-lb-superinpose
(define (flomap-transpose fm) e deep-f inpose deep-f imp
(match-define (flomap vs c w h) fm) e deep-flonap-rc-superinpose deep-flonap-rb-superinpose
p-flonap-vc-append deep-flonap-vr-append
p-flonap-hc-append deep-flonap-hb-append)
ap] [z : flonap])

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

(unsafe-flvector-ref vs (coords->indd
(define (flomap-cu-rotate fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->indd
(define (flomap-ccu-rotate fm)

argb-fn)
h) z-fm)
(match-define (flomap vs c w h) fm) )
(define w-1 (fx- w 1))
(inline-build-flomap c h w (A (k x y i)

(unsafe-flvector-ref vs (
(struct: invertible-2d-function ([f

equal dimension; given dimensions ~ex-e and ~ex-e” w h zw zh))
(Flonun Flonum -> (values Flonum Flonum))]

[g : (Flonun Flonun -> (values Flonum Flonum))]))
(define-type Flomap-Transforn (Integer Integer -> invertible-2d-function))
(: transforn-compose (Flomap-Transform Flomap-Transform -> Flomap-Transform))
(define ((transforn-conpose t1 t2) w h)

(define fmround (flomap-lift-helper round)) (: flomap->deep-flomap (flomap -> deep-flonap))
(define fnfloor (flomap-lift-helper floor)) (define (flonap->deep-flomap argb-fm)

(define fmceiling (flomap-lift-helper ceiling)) (match-define (flonap _ 4 w h) argb-fm)
(define fmtruncate (flomap-lift-helper truncate))

(deep-flomap argb-fm (make-flomap 1w h)))
(define fnzero (flomap-lift-helper (A (x) (if (x .

(inverti| fon f1 g1) (t1w
(match-define (invertible-2d-function f2 g2) (£2 w
(invertible-2d-function (A: ([x : Flonua] [y : Flon

0.0) 1.0 0.0))))

deep-flonap-width (deep-flomap -> Nonnegative-Fixnum))
]

n
(let-values ([(xy) (f2
(f1x )
(A: (Ix : Flonum] [y : Flon|
(let-values ([(xy) (g1
(@2 x y))))

e-Fixnun))

)
flomap-transforn (case-> (flomap Flomap-Transform
(flonap Flomap-Transform
(define flomap-transforn
(case-lambda
[(fa 1)
(match-define (flomap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w
(define x-nin +inf.0) egative-Fixnun Nonnegative-Fixnun)))
(define x-max -inf.0)
(define y-nin +inf.0) eight dfn)))
(define y-nax -inf.0)
(let: y-loop : Void ([y : Integer 01)
(when (y . fx< . h)

)

(let: x-loop : Void ([x : Integer 0])
(cond [(x . fx< . w)

(define-values (new-x new-y) (f (+

(when (new-x . < . x-min) (set! x-n|

1))
x-n

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

— ——
(when (new-y . < . y-min) (set! y-min new-y)) ( (k xy i) (f (unsafe-flvector-ref vs1 (coords->index 1w 0 x y)) (: deep-flomap-scale-z (deep-flomap (U Real flomap) -> deep-flomap))
(when (new-y . > . y-max) (set! y-max new-y)) (unsafe-flvector-ref vs2 i))))1 (define (deep-flomap-scale-z dfm z)
(x-loop (fx+ x 1))] [(=c2 1) (inline-build-flonap
[else clwh
(y-loop (fx+ y 1))1)))) ( (k xy i) (f (unsafe-flvector-ref vsl i)
(flonap-transform fm t x-min x-max y-min y-max)]

(match-define (deep-flomap argb-fm z-fm) dfm)
(deep-flomap argb-fm (fm* z-fn 2)))
(: deep-flomap-smooth-z (deep-flomap Real -> deep-flonap))
(define (deep-flonap-smooth-z dfm o)
(let ([0 (exact->inexact o)1)

(unsafe-flvector-ref vs2 (coords->index 1w 0 x y)))))1
[(fa t x-min x-max y-min y-nax) lelse
(let ([x-min (real->double-flonum x-nin)]
[x-max (real->double-flonun x-nax)]
[y-min (real->double-flonun y-min)]
[y-max (real->double-flonun y-max)1)
(match-define (flomap vs ¢ w h) fm)

(error name (string-append "expected flomaps with the same number of components, " (match-define (deep-flomap argb-fm z-fm) dfm)
(define new-z-fn (flomap-blur z-fm o))
(deep-flomap argb-fm new-z-fm)))

“or a flomap with 1 component and any same-size flomap; "
given flomaps with ~e and ~e components”

€1 c2)))

(: flomap-lift2 (Symbol (Flonum Flonun -> Real) -> ((U Real flomap) (U Real flomap) -> flomap)))
(define (flonap-1ift2 name f)

; deep-flomap-raise and everything derived from it observe an invariant:
5 when z is added, added z must be 0.0 everywhere alpha is 0.0

(: deep-flonap-raise (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flonap-raise dfm z)

(match-define (invertible-2d-function f g) (t w h))
(define int-x-min (fl->fx (floor x-nin))) (flonap-Lift-helper2 name (A (x y) (real->double-flonum (f x ¥)))))
(define fm+ (flomap-lift-helper2 'fm+ +))
(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 'fn* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /))

(define int-x-max (fl->fx (ceiling x-max)))
(define int-y-min (fl->fx (floor y-nin)))
(define int-y-max (fl->fx (ceiling y-nax)))
(define new-w (- int-x-max int-x-min))
(define new-h (- int-y-max int-y-min))
(define x-offset (+ 0.5 (fx->fl int-x-min)))
(define y-offset (+ 0.5 (fx->fl int-y-min)))
(intine-build-flonap

< new-w new-h

O kxy )

(match-define (deep-flomap argb-fm z-fm) dfm)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flomap argb-fm (fm+ z-fn (fm* alpha-fm 2))))

(: deep-flomap-enboss (deep-flomap Real (U Real flomap) -> deep-flonap))
(define fmmin (flomap-lift-helper2 'fmmin min)) (define (deep-flomap-emboss dfm xy-amt z-amt)
(define fmmax (flomap-lift-helper2 'fmmax max)) (let ([0 (/ xy-amt 3.0)1)
(: flomap-normalize (flomap -> flonap)) (define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define (flomap-normalize fm) (define new-z-fm (fu* (flomap-blur z-fm o) z-amt))
(deep-flomap-raise dfm new-z-fm)))

(define-values (v-min v-max) (flomap-extreme-values fn))
(define v-size (- v-max v-nin))
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)

(+ (fx->fLy) y-offset)))
(flonap-bilinear-ref fm k old-x old-y))))1))

(: deep-flonap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flomap))
(let* ([fm (fm- fm v-min)] (define (deep-flonap-bulge-helper dfm f)
[fm (if (v-size . = . 0.0) fm (fm/ fm v-size))]) (let ()

) (define-values (w h) (deep-flomap-size dfm))
(define fndiv/zero (define half-x-size (- (* 0.5 (fx->fl w)) 0.5))
(define half-y-size (- (* 0.5 (fx->fl h)) 0.5))
(define z-fn

(Flonap-Lift-helper2 ‘fmdiv/zero (A (x y) (if (y
(: flomap-divide-alpha (flonap -> flomap))
(define (flomap-divide-alpha fn)

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

L 0.0) 0.0 (/ x )

(inline-build-flomap
1uh
(cond [(c . <= . 1) fa] N Cxyd)
lelse (f (- (/ (fx->fl x) half-x-size) 1.0)
(define alpha-fm (flomap-ref-component fm 6)) (- (/ (fx->f1 y) half-y-size) 1.0)))))
(flomap-append-components alpha-fm (fmdiv/zero (flomap-drop-components fm 1) alpha-fm))])) (deep-flomap-raise dfm z-fm)))
(: deep-flonap-bulge (deep-flonap (Flonum Flonum -> Real) -> deep-flomap))
(define (deep-flonap-bulge dfn f)

(deep-flomap-bulge-helper dfm (A (cx cy) (real->double-flonum (f cx cy)))))



#lang typed/racket/base

(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
“flomap-struct. rkt")

(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flomap-Transforn

whirl

flomap-transform)
(: flomap-flip-horizontal (flomap -> flonap))
(define (flomap-flip-horizontal fm)
(match-define (flomap vs c w h) fm)
(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-1x) y)))))
(define (flomap-flip-vertical fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flomap c w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1))))))
(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ 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-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index c w k (fx- h-1y) x)))))
(define (flomap-ccu-rotate fm)
(match-define (flomap vs c w h) fm)
(define w-1 (fx- w 1))
(inline-build-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index c w k y (fx- w-1 x))))))
(struct: invertible-2d-function (If : (Flonum Flonun -> (values Flonum Flonum))]
[g : (Flonum Flonun -> (values Flonum Flonum))1))
(define-type Flomap-Transforn (Integer Integer -> invertible-2d-function))
(: transform-conpose (Flomap-Transforn Flonap-Transform -> Flonap-Transform))
(define ((transforn-compose t1 t2) w h)
(match-define (invertible-2d-function f1 gl) (t1w h))
(match-define (invertible-2d-function f2 g2) (t2 w h))
(invertible-2d-function (A: ([x : Flonun] [y : Flonum])
(let-values ([(x y) (2 x y)])
(f1x )
(At ([x : Flonun] [y : Flonun])
(let-values ([(xy) (g1 x y)])
(92 x y))))
flomap-transforn (case-> (flomap Flomap-Transforn -> flomap)
(flomap Flomap-Transforn Real Real Real Real -> flomap)))

(define flomap-transforn
(case-lambda
[(fa 1)
(match-define (flomap vs c w h) fm)
(match-define (invertible-2d-function f g) (t w h))
(define x-nin +inf.0)
(define x-max -inf.0)
(define y-min +inf.0)
(define y-max -inf.0)
(let: y-loop : Void (ly : Integer 01)
(when (y . fx< . h)
(let: x-loop : Void ([x : Integer 0])
(cond [(x . fx< . w)
(define-values (new-x new-y) (f (+ 0.5 (fx->fL x)) (+ 0.5 (fx->fl 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 . > . y-max) (set! y-max new-y))
(x-loop (fx+ x 1))]
[else
(y-loop (fx+ y 1))1))))
(flomap-transform fm t x-min x-nax y-min y-max)]
[(fn ¢ x-min x-max y-min y-max)
(let ([x-nin (real->double-flonun x-min)]
[x-max (real->double-flonun x-nax)]
[y-nin (real->double-flonun y-min)]
[y-max (real->double-flonum y-max)])
(match-define (flomap 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-max (fl->fx (ceiling x-nax)))
(define int-y-min (fl->fx (floor y-min)))
(define int-y-max (fl->fx (ceiling y-max)))
(define new-w (- int-x-max int-x-min))
(define new-h (- int-y-max int-y-min))
(define x-offset (+ 0.5 (fx->fl int-x-min)))
(define y-offset (+ 0.5 (fx->fl int-y-min)))
(inline-build-flonap
< new-w new-h
O (kxy i)
(define-values (old-x old-y) (g (+ (fx->fL x) x-offset)
(+ (fx->fly) y-offset)))
(flomap-bilinear-ref fm k old-x old-y))))1))

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

(except-in racket/fixnun fl->fx fx->fl)
racket/match racket/math
Lonun. rkt"
“flomap-struct. rkt"
“flomap-stats. rkt")
(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2

faneg fmabs fsqr fmsin facos fmtan fnlog fmexp fasqrt fmasin fmacos fmatan
fround fafloor fmceiling fmtruncate fmzero

fm+ fn- fo* f/ famin famax

f ize i f ivi

i Unary
(: flonap-lift-helper : (Float -> Float) -> (flomap -> flomap))

(: flomap-lift ((Flonum -> Real) -> (flomap -> flonap)))
(define (flomap-1ift op)
(flonap-Lift-helper (A (x) (real->double-flonum (op x)))))
(define fmneg (flomap-lift-helper -))
(define fmabs (flomap-lift-helper abs))
(define fmsar (flomap-lift-helper sar))
(define fmsin (flomap-lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define flog (flomap-lift-helper fllog))
(define fmexp (flomap-lift-helper exp))
(define fmsqrt (flomap-lift-helper flsart))
(define fmasin (flomap-lift-helper asin))
(define fmacos (flomap-lift-helper acos))
(define fmatan (flomap-lift-helper atan))
(define fmround (flomap-lift-helper round))
(define fmfloor (flomap-lift-helper floor))
(define fmceiling (flomap-lift-helper ceiling))
(define fmtruncate (flomap-lift-helper truncate))
(define fnzero (flomap-lift-helper (A (x) (if (x . = . 0.0) 1.0 0.0))))

i Binary

(: flomap-lift-helper2 : Symbol (Float Float -> Float) -> ((U Real flomap) (U Real flomap) -> flomap))

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

(flomap-Lift-helper2 name (A (x y) (real->double-flonum (f x ¥)))))
(define fm+ (flomap-lift-helper2 'fm+ +))

(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 ‘fm* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /))
(define fmmin (flomap-lift-helper2 ‘fmmin min))
(define fmmax (flomap-lift-helper2 fmmax max))
(: flomap-normalize (flomap -> flonap))
(define (flonap-normalize fm)
i (v-min v-max) (flonap: m)
(define v-size (- v-max v-min))
(let* ((fm (fm- fm v-min)]
[fn (if (v-size . = . 0.0) fm (fn/ fn v-size))])

)
(define fndiv/zero
(flomap-Lift-helper2 'fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y)))))
(: flomap-divide-alpha (flomap -> flomap))
(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)

(cond [(c . 1) fal
[else
(define alpha-fn (flomap-ref-component fm 6))
(flonap-apps P alpha-fn (fndi (flomap-drop-conp fm 1) alpha-fm))1))

#lang typed/racket/base

(require racket/flonun
(except-in racket/fixnum fx->fl fl->fx)
racket/match racket/math

“flonun. rkt"
“flomap. rkt")

(provide deep-flomap deep-flonap? deep-flomap-argb deep-flomap-z
deep-f idth deep-f! ight deep-f in deep-f

deep-flomap-size deep-Flonap-alpha deep-Flonap-rgb

flomap->deep-flonap

; sizing

deep-Flomap-inset deep-flonap-trin deep-flonap-scale deep-flonap-resize
i Z-adjusting

deep-flonap p P deep-flomap-raise deep-flonap-tilt
deep-flomap-emboss

deep-f deep-f deep-f:

deep-f id deep-f i deep-f tical
deep-flomap-bulge-ripple

; Compositing

deep-flomap-pin deep-flomap-pin*

deep-f i deep-flonap-1 i deep-f

deep-f i deep-f i deep-f i
deep-flomap-r i deep-f i deep-f
deep-flomap-vi-append deep-flonap-vc-append deep-flonap-vr-append

deep-f deep- deep-f:

(struct: deep-flomap ([argh
#:transparent
#:guard
(A (argb-fm z-fm name)
(match-define (flonap _ 4 w h) argb-fm)
(match-define (flonap _ 1 zw zh) z-fm)
(unless (and (= w zw) (= h zh))
(error *deep-flonap

flomap] [z : flomap])

“expected flonaps of equal dimension; given dimensions ~ex-e and ~ex-e" w h zw zh))
(values argb-fm z-fm)))
(: flomap->deep-flomap (flomap -> deep-flonap))
(define (flonap->deep-flomap argb-fm)
(match-define (flonap _ 4 w h) argb-fm)
(deep-flomap argb-fm (make-flomap 1 w h)))
(: deep-f idth (deep-flomap -> i
(define (deep-flonap-width dfm)
(define w (flomap-width (deep-flomap-argh dfm)))
(with-asserts ([w nonnegative-fixnun?])
w))
(: deep-f (deep-flomap ->
(define (deep-flonap-height dfm)
(define h (flomap-height (deep-flomap-argb dfm)))
(with-asserts ([h nonnegative-fixnun?])
h)
(: deep-flomap-z-min (deep-flomap -> Flonum))
(define (deep-flonap-z-min dfm)
(flonap-min-value (deep-flonap-z dfm)))
(: deep-flomap-z-max (deep-flomap -> Flonum))
(define (deep-flonap-z-max dfm)
(flonap-max-value (deep-flomap-z dfm)))
(: deep-flomap-size (deep-flonap -> (values Nonnegative-Fixnum Nonnegative-Fixnum)))
(define (deep-flomap-size dfm)
(values idth dfm) (deep-f ight dfm)))
(: deep-flomap-alpha (deep-flomap -> flonap))
(define (deep-flonap-alpha dfm)
(flonap-ref-component (deep-flonap-argb dfm) 6))
(: deep-flomap-rgb (deep-flonap -> flomap))
(define (deep-flomap-rgb dfm)
(flonap-drop-conponents (deep-flomap-argh dfm) 1))

m)

2 adjusters
(: deep-flomap-scale-z (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flomap-scale-z dfm z)
(match-define (deep-flonap argb-fm z-fm) dfm)
(deep-flomap argb-fm (fm* z-fn 2)))
(: deep-flomap-smooth-z (deep-flomap Real -> deep-flonap))
(define (deep-flomap-smooth-z dfm o)
(let ([0 (exact->inexact o)1)
(match-define (deep-flomap argb-fm z-fm) dfm)
(define new-z-fm (flomap-blur z-fm o))
(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-raise (deep-flonap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfm z)
(match-define (deep-flonap argb-fm z-fm) dfm)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flomap argb-fm (fm+ z-fn (fm* alpha-fm 2))))
(: deep-flomap-enboss (deep-flonap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-amt z-amt)
(let ([0 (/ xy-amt 3.0)1)
(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fm (fm* (flomap-blur z-fm o) z-amt))
(deep-flomap-raise dfm new-z-fm)))
(: deep-flomap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flonap))

€]

(: deep-flomap-bulge (deep-flonap (Flonun Flonun -> Real) -> deep-flomap))
(define (deep-flonap-bulge dfn f)
(deep-flomap-bulge-helper dfn (A (cx cy) (real->double-flonum (f cx cy)))))



#lang typed/racket/base
(require racket/match racket/math racket/flonun
(except-in racket/fixnun fl->fx fx->fl)
“flonun. rkt"
“flomap-struct. rkt")
(provide flomap-flip-horizontal flomap-flip-vertical flomap-transpose
flomap-cu-rotate flomap-ccu-rotate
(struct-out invertible-2d-function) Flomap-Transforn
whirl-and-pi

flomap-transform)
(: flomap-flip-horizontal (flomap -> flonap))
(define (flomap-flip-horizontal fm)
(match-define (flomap vs c w h) fm)
(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-1x) y)))))
(define (flomap-flip-vertical fm)
(match-define (flomap vs c w h) fm)
(define h-1 (fx- h 1))
(inline-build-flomap c w h (A (k x y 1)
(unsafe-flvector-ref vs (coords->index ¢ w k x (fx- h-1))))))
(define (flomap-transpose fm)
(match-define (flomap vs c w h) fm)
(inline-build-flomap c h w (A (k x y i)
(unsafe-flvector-ref vs (coords->index ¢ 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-flomap c h w (A (k x y i)

(unsafe-flvector-ref vs (coords->index ¢ w k (fx- h-1y) x)))))

(define (flomap-ccu-rotate fm)
(match-define (1
(define w-1 (£
(inline-build-

(struct: invertil
(define-type Flof

(: transforn-con
(define ((transfs

(match-define N N
(match-define
[ [

(invertible-2d

(define flomap-t
(case-lambda
[(fa 1)
(match-defif
(match-defif
(define x-n|
(define x-n{

(let: y-loo
(when (y

(flomap-tral
[(fm t x-min

| Consider turning th

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

(except-in racket/fixnun fl->fx fx->fl)
racket/match racket/math
Lonun. rkt"
“flomap-struct. rkt"
“flomap-stats. rkt")
(provide flomap-lift flomap-1ift2 flomap-lift-helper flomap-lift-helper2
faneg fmabs fsqr fmsin facos fmtan fnlog fmexp fasqrt fmasin fmacos fmatan
fround fafloor fmceiling fmtruncate fmzero
fm+ fn- fo* f/ famin famax
f ize i f ivi

i Unary
(: flonap-lift-helper : (Float -> Float) -> (flomap -> flomap))

(: flomap-lift ((Flonum -> Real) -> (flomap -> flonap)))
(define (flomap-1ift op)
(flonap-Lift-helper (A (x) (real->double-flonum (op x)))))
(define fmneg (flomap-lift-helper -))
(define fmabs (flomap-lift-helper abs))
(define fmsar (flomap-lift-helper sar))
(define fmsin (flomap-lift-helper sin))
(define fmcos (flomap-lift-helper cos))
(define fmtan (flomap-lift-helper tan))
(define flog (flomap-lift-helper fllog))
(define fmexp (flomap-lift-helper exp))

Optimization Coach

| TlOmap-1lift-helper

s “ Missed Inlining (O success out of 46)
is function into a macro to force inlining.

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

(except-in racket/fixnun fx->fl fl->fx)
racket/match racket/nath

“flonun. rkt"

“flomap. rkt")

(provide deep-flomap deep-flonap? deep-flomap-argb deep-flomap-z
deep-f idth deep-f! ight deep-f in deep-f
deep-flomap-size deep-flonap-alpha deep-flomap-rgb
flomap->deep-flonap
; sizing

deep-flonap-inset deep-flomap-trin deep-flonap-scale deep-flomap-resize
5 Z-adjusting

deep-flonap p P deep-flomap-raise deep-flonap-tilt
deep-flomap-emboss

deep-f deep-f deep-f:

deep-f id deep-f i deep-f tical

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

deep-f deep-flomap-1 i deep-f
deep- 1 i deep- 1 i deep-f1 impe
deep-flomap-r i deep-f i deep-f

deep-flomap-vi-append deep-flonap-vc-append deep-flonap-vr-append
deep-f deep- deep-f:
(struct: deep-flonap ([argb : flomap] [z : flomap])
#:transparent
#:guard
(A (argb-fm z-fm name)
(match-define (flonap _ 4 w h) argb-fm)
(match-define (flonap _ 1 zw zh) z-fm)

wh zw zh))

(let ([x-mi

[x-max (real->double-flonun x-nax)]
[y-nin (real->double-flonun y-min)]
[y-max (real->double-flonum y-max)])
(match-define (flomap 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-max (fl->fx (ceiling x-nax)))
(define int-y-min (fl->fx (floor y-min)))
(define int-y-max (fl->fx (ceiling y-max)))
(define new-w (- int-x-max int-x-min))
(define new-h (- int-y-max int-y-min))
(define x-offset (+ 0.5 (fx->fl int-x-min)))
(define y-offset (+ 0.5 (fx->fl int-y-min)))
(inline-build-flonap
< new-w new-h
O (kxy i)
(define-values (old-x old-y) (g (+ (fx->fl x) x-offset)
(+ (fx->fLy) y-offset)))
(flomap-bilinear-ref fm k old-x old-y))))1))

(: flomap-1ift2 (Symbol (Flonum Flonum -> Real) -> ((U Real flomap) (U Real flomap) -> flomap)))
(define (flomap-1ift2 name f)
(flonap-Lift-helper2 name (A (x y) (real->double-flonum (f x ¥)))))
(define fm+ (flomap-lift-helper2 'fm+ +))
(define fm- (flomap-lift-helper2 ‘fn- -))
(define fm* (flomap-lift-helper2 ‘fm* *))
(define fn/ (flomap-lift-helper2 ‘fn/ /))
(define fmmin (flomap-lift-helper2 ‘fmmin min))
(define fmmax (flomap-Llift-

elper2 ' fomax max))
(: flomap-normalize (flomap -> flonap))
(define (flonap-normalize fm)
(v-min v-max) (flonap: m)
(define v-size (- v-max v-min))
(let* ((fm (fm- fm v-min)]
[fn (if (v-size . = . 0.0) fm (fn/ fn v-size))])

)
(define fndiv/zero
(flomap-Lift-helper2 'fudiv/zero (A (x y) (if (y . = . 0.0) 0.0 (/ x y)))))
(: flomap-divide-alpha (flomap -> flonap))
(define (flomap-divide-alpha fn)
(match-define (flomap _ c w h) fm)

(cond [(c . <=. 1) ful
[else
(define alpha-fn (flomap-ref-component fm 6))
(flonap-apps P alpha-fa (fmdi (flonap-drop-conp fm 1) alpha-fm))1))

(define new-z-fm (flomap-blur z-fm o))
(deep-flomap argb-fm new-z-fm)))
; deep-flomap-raise and everything derived from it observe an invariant:
5 when z is added, added z must be 0.0 everywhere alpha is 0.0
(: deep-flomap-raise (deep-flomap (U Real flomap) -> deep-flomap))
(define (deep-flomap-raise dfm z)
(match-define (deep-flonap argb-fm z-fm) dfm)
(define alpha-fn (deep-flonap-alpha dfm))
(deep-flomap argb-fm (fm+ z-fn (fm* alpha-fm 2))))
(: deep-flomap-enboss (deep-flonap Real (U Real flomap) -> deep-flonap))
(define (deep-flomap-emboss dfm xy-amt z-amt)
(let ([0 (/ xy-amt 3.0)1)
(define z-fm (flonap-normalize (deep-flonap-alpha dfm)))
(define new-z-fm (fm* (flomap-blur z-fm o) z-amt))
(deep-flomap-raise dfm new-z-fm)))
(: deep-flomap-bulge-helper (deep-flonap (Flonum Flonum -> Flonum) -> deep-flonap))

(: deep-flomap-bulge (deep-flonap (Flonun Flonun -> Real) -> deep-flomap))
(define (deep-flonap-bulge dfn f)
(deep-flomap-bulge-helper dfn (A (cx cy) (real->double-flonum (f cx cy)))))




Dialog between compilers and programmers

Optimization Coach

404:34.

(/ (- (* a2 z2) (* al z1))
(flsgrt (+ (* uuw) (* v v))))

& Float arithmetic specialization.

Optimization Coach

20:0;
flomap-1ift-helper

“ Missed Inlining (O success out of 46)
Consider turning this function into a macro to force inlining.

<]




Dialog between compilers and programmers

Optimization Coach

404.34:
(/ (- (* a2 z2) (* al z1))
(flsgrt (+ (* uu) (* v v)))) SUCCGSSGS

& Float arithmetic specialization.

Optimization Coach

20:0;
flomap-1ift-helper

% Missed Inlining (O success out of 46)
Consider turning this function into a macro to force inlining.




Dialog between compilers and programmers

A Optimization Coach (=) |

40434 H

(/ (- (¥ a2 z2) (* al z1))
(flsgrt (+ (* uu) (* v v)))) SUCCGSSGS

& Float arithmetic specialization.

A Optimization Coach )

200, o Near misses
flomap-1ift-helper
_|_

ﬁ Missed Inlining (O success out of 46)

Consider turning this function into a macro to force inlining.

_| |Recommendations




Programmers can do more than compilers

- e

(/ (*¥ max last) IM)

* This expression has a Real type. The optimizer could

optimize it if it had type Float. To fix, change the highlighted
expression(s) to have Float type(s).

<] mg |

Recommendations can change semantics!

(/1 3) % 1/3

(/1.0 3.0) #» 0.3333333333333333



How does it work?

How well does it work?

How to extend it?



How does it work?



Overview

Compiler Instrumentation
\ 4

Optimization Analysis
\ 4

Recommendation Generation

4

Programmer Response




Type-Driven Specialization

#lang typed/racket/base

(define IM  139968)
(define IA 3877)
(define IC 29573)

(define last 42)

(define min 35.3)

(define max 156.8)

(define (gen-random)
(set! last (modulo (+ (* last IA) IC) IM))
(+ (/ (* (- max min) last) IM) min))



Type-Driven Specialization

#lang typed/racket/base

(define IM
(define IA Fl-

(define IC| (\ <Float> <Float>)

(define last 42)

(define min 35.3)

(define max 156.8)

(define (gen-random)
(set! last (modulo (+ (* last IA) IC) IM))
(+ (/ (* (-~ max min) last) IM) min))



Type- Drlven Specialization

Optimization Coach

12:5:
(/ (* (- max min) last) IM)

#lang typed/r | | .
“ This expression has a Real type. The optimizer could

. optimize it if it had type Float. To fix, change the highlighted
(defl ne IM expression(s) to have Float type(s).

(define IA
(define IC

(define last /|

(define min
(def]:ne max & Float arithmetic specialization.
(define (gen-

(set! last srese=s -

(- max min)




Compiler Instrumentation

Float Float

(- max min)

\ 4

fl-
(\ <Float> <Float>)

\ 4 \ 4

TR opt: prng-example.rkt 12:11

_ . (- max min)
(-F]' max mln) Float Float

binary float subtraction




Compiler Instrumentation

Float Integer

(¥ (- max min) last)

\ 4

(* <Number> <Number>) ; no change

\ 4 \ 4

TR opt failure: prng-example.rkt 12:8
(* (- max min) last)
Float Integer
generic multiplication

(* (- max min) last)



Optimization Analysis

Incomprehensible failure pruning
Irrelevant failure pruning
Harmless failure pruning
Optimization proximity

Causality merging
Locality merging



Optimization Analysis

Optimization proximity

Causality merging



Optimization Analysis

Harmless failure pruning

Locality merging



Optimization Analysis

Incomprehensible failure pruning

Can't trace back to user program.




Optimization Analysis

Irrelevant failure pruning

Non-optimized semantics is desirable.




Optimization Analysis

Optimization proximity

Float Integer

(* (- max min) last)

Float

Float M A _ 1

Irritant



Optimization Analysis

Optimization proximity

Near miss, report

Float

Float M A _ 1

Irritant




Optimization Analysis

Optimization proximity

Integer Integer

(* last IA)

Float Float

Thteger Integer A — 2

Irritant Irritant



Optimization Analysis

Optimization proximity

Too far, don't report

Float Float

Thteger Integer A — 2

Irritant Irritant




Optimization Analysis

Causality merging

Real Integer

(/ (¥ (- max min) last) IM)

Irritant Irritant

Float Integer
(¥ (- max min) last)

Irritant



Optimization Analysis

Causality merging

Real Integer

(/ (* (- max min) last) IM)

Irritant

Float Integer
(* (- max min) last)

Irritant



Optimization Analysis

Causality merging

Integer Integer

Irritant lrritant

Badness = 2



Optimization Analysis

Causality merging




Optimization Analysis

Causality merging

Near Miss = Root

Badness = # Nodes

Irritants = Leaves



Recommendation Generation

Float
Integer Integer
(/ (* (- max min) last) IM) Float TﬁTegec
Irritant

12:5:
(/ (*¥ (- max min) last) IM)

ﬁ This expression has a Real type. The optimizer could
optimize it if it had type Float. To fix, change the highlighted

expression(s) to have Float type(s).



Programmer Response

(->f1 last) (->f1 IM)
(+ (/ (* (- max min) hs{) N) min)

12:5:
(/ (* (- max min) last) IM)
ﬁ This expression has a Real type. The optimizer could

optimize it if it had type Float. To fix, change the highlighted
expression(s) to have Float type(s).



The Racket inliner in one slide

Based on a design by Serrano

Fuel

* Inlining cost « Function size

* Inlining stops when out of fuel

Loop unrolling for free!



(define (negate-pixel pixel) ; small function
(+ #x010101 (bitwise-xor pixel #x3f3f3f)))

(define (clamp-pixel pixel) ; large function
: Clamp required because JPG occasionally sends a delta too
: high or too low, leaving us with out-of-range pixels.
; Clamp each channel to [40, 7F].

..)

(define (kernel-decode base-pixel delta-pixel)
(negate-pixel ...) .
(clamp-pixel clampable) c)

(kernel-decode ...) ...



(define (negate-pixel pixel) ; small function
(+ #x010101 (bitwise-xor pixel #x3f3f3f)))

Optimization Coach

(define (qf 2800 I
; Clamp || negate-pixel A delta too
: high g@ ixels.
; C]_amp @,lnlining,(zsuccesses out of 2) |
c)
I~

(define (kernel-decode base-pixel delta-pixel)
(negate-pixel ...) .
(clamp-pixel clampable) c)

(kernel-decode ...)



(define (negate-pixel pixel) ; small function
(+ #x010101 (bitwise-xor pixel #x3f3f3f)))

(define (clamp-pixel pixel) ; large function
: Clamp required because JPG occasionally sends a delta too
: high or too low, leaving us with out-of-range pixels.
: Clamp each channel to [40, 7F].

..)

Optimization Coach

(define (K|
(neg

(Cla ” Missed Inlining (0 success out of 10)
Consider turning this function into a macro to force inlining.

=]

clamp-pixel

(kernel-decode ...)



(define (negate-pixel pixel) ; small function
(+ #x010101 (bitwise-xor pixel #x3f3f3f)))

Optimization Coach

(define (qf 180

; Clamp || kernel-decode Al delta too
; 1gh o _lixels.
; Clamp & Missed Inlining (4 successes out of 24)

) Consider turning this function into a macro to force inlining.

... (kernel-decode ...)



Compiler Instrumentation

inlining:

#(negate-pixel #<path:video.rkt> 28 0 793 73 #f)
in: video.rkt:18:0: kernel-decode

size: 1 fuel: 96

no inlining, out of fuel:

#(clamp-pixel #<path:video.rkt> 39 0 1228 534 #f)
in: video.rkt:18:0: kernel-decode

size: 99 fuel: 96



Compiler Instrumentation

inlining:

#(negate-pixel #<path:video.rkt> 28 0 793 73 #f)
in: video.rkt:18:0: kernel-decode

size: 1 fuel: 96

no inlining, out of fuel:

#(clamp-pixel #<path:video.rkt> 39 0 1228 534 #f)
in: video.rkt:18:0: kernel-decode

size: 99 fuel: 96



Compiler Instrumentation

inlining:

#(negate-pixel #<path:video.rkt> 28 0 793 73 #f)
in: video.rkt:18:0: kernel-decode

size: 1 fuel: 96

no inlining, out of fuel:

#(clamp-pixel #<path:video.rkt> 39 0 1228 534 #f)
in: video.rkt:18:0: kernel-decode

size: 99 fuel: 96



Compiler Instrumentation

inlining:

#(negate-pixel #<path:video.rkt> 28 0 793 73 #f)
in: video.rkt:18:0: kernel-decode

size: 1 fuel: 96

no inlining, out of fuel:

#(clamp-pixel #<path:video.rkt> 39 0 1228 534 #f)
in: video.rkt:18:0: kernel-decode

size: 99 fuel: 96



Optimization Analysis

Harmless Failure Pruning

no inlining, out of fuel:

#(for-loop #<path:video.rkt> 63 2 2353 281 #f)
in: video.rkt:63:2: for-loop

size: 52 fuel: 8

Unrolling has to stop at some point



4 %
20 x

Optimization Analysis

Locality Merging

inlining:
#(kernel-decode #<path:video.rkt> 18 0 427 276 #f)

no inlining, out of fuel:
#(kernel-decode #<path:video.rkt> 18 0 427 276 #f)

4 < 20 — Optimization failure

A = (size - fuel)



Recommendation Generation

No unrollings:

Otherwise:

Just over limit:
Fast/slow path:

Opt./kw. args:

function — macro

make smaller / break into pieces

begin-encourage-inline

break off slow

multiple specia

hath

ized functions



Programmer Response

define-syntax-rule

(HE?inQ (clamp-pixel pixel) ; large function
: Clamp required because JPG occasionally sends a delta too
: high or too low, leaving us with out-of-range pixels.
: Clamp each channel to [40, 7F].

..)

define-syntax-rule
(HE?inQ (kernel-decode base-pixel delta-pixel)

(negate-pixel ...) .
(clamp-pixel clampable) c)



How well does it work?



Baseline: Non-optimized

B Coached: Followed recommendations  (Minutes of work)

l._l

0.8

0.6

0.4

0.2

video-chat  ray-tracer

Lower is better



Baseline: Non-optimized

B Coached: Followed recommendations  (Minutes of work)

1 I | = ] ~ ]
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0 0
video-chat  ray-tracer binarytrees heapsort mandebrot moments  nbody

Lower is better



Baseline: Non-optimized

B Coached: Followed recommendations  (Minutes of work)

Gold standard: Hand-optimized by experts  (Days of work)

1 I | = ] T ]
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2
0 0
video-chat  ray-tracer binarytrees heapsort mandebrot moments  nbody

Lower is better



How to extend it?



Our prototype Type-driven rewriting
Inlining
Common subexpression elimination
Test reordering
Scalar replacement
Loop-invariant code motion
Devirtualization
Specialization of polymorphic containers

Case-of-case transformation



Scalar replacement

Specialization of polymorphic containers



Coaching Recipe

- Log successes and failures
- Define optimization analysis metrics

- Add recommendation generation logic



Scalar replacement

(define twiddle-c

(* ¢ (exp (/ (* pi 0.0+1.01

(+ b twiddle-c)

(->f1 k))
n/2))))

(define
(define
(define
(define

(define
(define

real-c (real-part c))
imag-c (imag-part c))

real-twiddle-c ...)
imag-twiddle-c ...)

real-b (real-part b))
imag-b (imag-part b))

(make-rectangular
(+ real-b real-twiddle-c)
(+ imag-b imag-twiddle-c))



Scalar replacement

(define twiddle-c
(* ¢ (exp (/ (* pi 0.0+1.01
(->f1 k))
n/2))))

fine real-c (real-part

(printf "~a\n” twiddle-c)
(+ b twiddle-c)

eal-b real-twiddle-
+ 1mag-b imag-twiddle-c)



Scalar replacement

(define twiddle-c
(* ¢ (exp (/ (* pi 0.0+1.01
(->f1 k))
n/2))))

fine real-c (real-part

(printf "~a\n” twiddle-c)
(+ b twiddle-c)

eal-b real-twiddle-
+ 1mag-b imag-twiddle-c)

A = (# boxed uses) / (# unboxed uses)

Irritants = {boxed uses}



Specialization of polymorphic containers

(define-type 3D-path
(Vectorof (List Float Float Float)))

(: p : 3D-path)
(define p (vector



Specialization of polymorphic containers

(define-type 4D-path
(Vectorof (List Float Float Float Float)))

(: p : 4D-path)
(define p (vector




Specialization of polymorphic containers

(define-type 4D-path
(Vectorof (List Float Float Float Float)))

(: p : 4D-path)
(define p (vector

A = (element size) - (max optimized element size)



Conclusion



The take-away

Key idea: The compiler talks back

General optimization analysis techniques

+ Optimization-specific heuristics

Targeted recommendations



£
///W The take-away
\//

Key idea: The compiler talks back

General optimization analysis techniques

+ Optimization-specific heuristics

Targeted recommendations

racket-lang.org



Demo



